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Recorded Music Listening Interventions for Symptom Management During Mechanical
Ventilation in Critical Care
Abstract
Rebecca Menza

Background: Over 4 million adults are admitted annually to intensive care units (ICU) in the
US. Critically ill patients experience significant symptom burden including high rates of pain,
anxiety, delirium, restlessness, dyspnea, confusion, sleep disorders, loneliness, depression, and
fear. Advanced respiratory support with mechanical ventilation (MV) is the most common
intervention used in critical care and is an independent risk factor for each of these co-occurring
symptoms. Medications are of limited effectiveness for the management of many symptoms and
also confer increased morbidity including worsening delirium, increased length of stay and the
development of long-term psychological and cognitive problems. To mitigate these risks,
guidelines for symptom management in the ICU include recommendations for the use of
non-pharmacologic therapies such as music-based interventions.
Purpose: The purpose of this dissertation study is to analyze and synthesize existing literature
that measures outcomes of recorded music listening interventions (RMLIs) for the management
of common symptoms in critically ill adults during MV, and to describe the effects of listening to
recorded music during critical care hospitalization.
Methods: This dissertation presents three manuscripts. The first is a systematic review
summarizing the state of the evidence that examines RMLIs to manage common symptoms
experienced by critically ill adults during MV using the 2009 PRISMA guidelines. The inclusion
criteria were experimental and quasi-experimental designed studies published between January

1, 1998, and March 20, 2022. The quality of available evidence was evaluated using the



Evidence Project Risk of bias tool. The second study is a grounded theory analysis of patients’
perceptions of the effects of listening to self-selected music on symptom experience during MV
and critical care hospitalization. The third study examines the effects of a personally selected
RMLI on ventilator-derived breathing measures of rate, depth and pattern during MV. Both
prospective studies were conducted in the Surgical and Neurosurgical ICUs of a single,
academic, urban, level-one trauma center and safety net hospital in San Francisco, California
between August 2020, and November 2021.

Results: The results of the systematic review confirm that RMLIs are effective for the treatment
of anxiety and pain and also identified other common symptoms such as agitation, that may be
moderated by RMLIs in adults during MV. Most studies used investigator-selected music or
restricted music to a limited selection of slow tempo recordings. The broad scope of the review
and heterogeneity of outcome measures confounded synthesis of the results and precluded
summative recommendations for RMLIs for symptom management but highlighted important
literature gaps. Specifically, few studies measured the effect of RMLIs on common symptoms
such as dyspnea, confusion, delirium, sleep, loneliness, and general distress. Physiologic signs
did not vary with RMLI, underscoring the lack of reliable objective instruments that measure the
effects of RMLI in patients unable to self-report. Results of the qualitative study show that
listening to personally selected recorded music may be beneficial for cognitive and psychological
recovery in ICU. Analysis of 14 semi-structured interviews, notes, and observations revealed 6
uses of personally selected music listening in ICU: 1) Restoring consciousness; 2) Maintaining
cognition; 3) Humanizing the hospital experience; 4) Providing a source of connection; 5)
Improving psychological wellbeing; and 6) Resolving the problems of silence. Recorded music

was rarely used to address pain or anxiety. Instead, participants reported the use of recorded
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music listening to address complex psychological experiences of loneliness, fear, de-situation,
confusion, intrusive thoughts, threats to identity and loss of control through the use of music
related memories and distraction. Listening to self-selected music provided a sense of self and a
method to process trauma and grief. Additional benefits of listening to recorded music included
feeling joy, pleasure, hope, resilience, and a sense of normalcy. Participants identified an
aversion to being sedated as well as feelings of abandonment and restraint associated with
silence. In the quantitative analysis, breathing measures theoretically associated with relaxation
did not vary as hypothesized with an RMLI during both machine-controlled ventilation and
spontaneous breathing modalities. In this pilot study of 16 critically ill adults during MV,
analysis of breath-by-breath data did not demonstrate an effect of RMLIs on respiratory rate
(breaths per minute), breath depth (tidal volume in liters or maximum pressure associated with
fixed volume breaths), nor breath pattern (liters of breath per minute, breaths per liter per minute,
inspiratory flow, and other indirect measures of work of breathing). The null results in this pilot
were likely related to the magnitude of the variance within the small sample, high incidence of
delirium, and the heterogeneity of the music selections in the intervention. Use of a noninvasive
pulmonary mechanics monitor facilitated the collection of objective, rich, continuous data and is
a feasible instrument that adds to the rigor of the findings.

Conclusions: The morbidity associated with the symptoms experienced during MV speak to the
imperative to expand the access to and use of non-pharmacologic interventions for adults during
critical care hospitalization. Listening to preferred, personally selected music represents a safe,
widely acceptable, equitable intervention that is likely to be of benefit for the management of
common psychological and cognitive symptoms not amenable to traditional medical

interventions. Future studies that use validated instruments that address clinically meaningful
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outcomes will provide scientific justification for the use of RMLIs and contribute to the

understanding of the mechanism of action of RMLIs.
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Chapter 1: Introduction

Critically ill, mechanically ventilated (MV) adults experience high rates of distressing
symptoms often treated with medications which may increase morbidity. Music-based
interventions (MBIs) are guideline-recommended for symptom management and are the subject
of increasing interest as clinicians seek non-pharmacological interventions for symptom
management in this vulnerable population. Recorded music listening interventions (RMLIs) are
an accessible form of MBIs for patients during MV. Data demonstrate the efficacy of RMLIs to
improve self-reported pain and anxiety in MV adults but evidence to support the use of RMLIs
for other important symptoms and evidence of efficacy in populations unable to self-report is still
lacking. This research aims to identify symptoms that may benefit from RMLIs in critically ill
patients and potential measures of the effects of RMLIs to support an evidence-based expansion
of their use for MV adults. This chapter will: 1) Introduce the dissertation study by first
discussing the background and context of the problem of symptom management in critical care, 2)
Define RMLIs and describe the evidence for their use in symptom management, and 3) Explicate
the theoretical framework used to support the study, and 4) State the overall purpose of the study
and the specific aims.
Symptom Experience of Mechanically Ventilated, Critically Il Adults

More than 4 million adults are admitted annually to intensive care units (ICU) in the US
(1). Advanced respiratory support with mechanical ventilation (MV) is the most common
intervention used in critical care (1). Between 20-40% of adults receive MV during their ICU
admission and The Global Burden of Disease Project estimates that worldwide, MV is used for

13-20 million people annually (1, 2). MV adults experience longer lengths of stay (14.4 days,



compared to 8.5) and incur an increased cost of care compared to non-MV adults ($31,574 vs
$12, 931) (3).

Pain, anxiety, dyspnea and sleep disruption are among the most common symptoms
reported by critically ill adults (4-7). In addition, patients in ICU experience cognitive and
psychological symptoms such as confusion, fear, loneliness, and sadness (6, 7). Distressing
symptoms are more prevalent and more intense during MV (4, 5, 7, 8). Over 50% of MV adults
report pain during procedures such as suctioning and turning and 33% experience pain while at
rest (9). Rates of anxiety increase from 50% in the general ICU population to 80% during MV (7,
10, 11). Distressing symptoms are often co-occurring, and many potentiate one another. For
example, anxiety and depression increase acute pain (12) and fear contributes to dyspnea during
MV. Agitation is used to describe a hyperactive, distressed state in patients unable to
communicate and may be caused by pain, anxiety, confusion, or dyspnea (13). MV is also an
independent risk factor for the development of delirium occurring in up to 70% of MV adults (14,
15). Delirium causes physical and emotional distress and may affect recovery resulting in
increased length of MV, longer ICU stays and long-term cognitive impairment and death (16-21).
Additionally, undermanaged symptoms such as distress, anxiety, confusion and fear delay the
success of MV weaning trials, prolonging the length of MV and leading to increased length of
stay.

Failure to adequately address distressing symptoms during ICU hospitalization can have
both immediate and long-term consequences. In addition to the symptoms experienced by MV
patients during ICU hospitalization, many ICU survivors experience a constellation of persistent
symptoms called post-intensive care unit syndrome (PICS) consisting of anxiety, depression,

post-traumatic stress, cognitive impairment, functional disability, and decreased quality of life



(22, 23). According to the Society of Critical Care Medicine, between 30-80% of adults have
some degree of new cognitive deficit at the time of discharge from the ICU; many are burdened
with intrusive thoughts and most have difficulty with sleep (1). Additionally, 64% of adult ICU
survivors experience at least one symptom of PICS 3 months after ICU hospitalization and over
half are still affected at 12 months (24). Quality and type of ICU memories are predictors of post-
traumatic stress disorder and PICS in ICU survivors (25). Modifiable risk factors for PICS include
negative ICU experiences and development of delirium during hospitalization (26).

Safe symptom management in critical care remains a challenge. Opioids, a mainstay for
treatment of acute pain in critical care, may worsen delirium; conversely, under-treated pain may
precipitate delirium (27). Benzodiazepines, antipsychotics, and hypnotic sedatives used to manage
confusion, agitation and delirium are of limited effectiveness and are associated with increased
morbidity including worsening delirium, prolonged MV and longer length of stay (20, 28, 29).
Many troubling ICU memories are shaped by hallucinations, a feature of delirium, and are
associated with benzodiazepine use (30). However, lower sedation level has also been associated
with increased perception of and negative memories of ICU hospitalization, which may increase
the risk of posttraumatic stress disorder and PICS (31). Current practice recommendations are to
minimize psychoactive medications and to employ therapies that address upstream causes of
agitation such as fear, sleep disturbance, communication deficits, dyspnea, and pain (18). New
guidelines for the management of pain, anxiety, agitation, and delirium in the ICU also include

recommendations for the use of non-pharmacologic therapies, such as MBIs (32).



Recorded Music Listening Interventions

Music has a near universal appeal. Listening to music stimulates a variety of emotions,
feelings and neurobiological effects (33). Listening to music may have effects on the limbic and
hypothalamic-pituitary axis resulting in physical signs and psychological reports of relaxation,
anxiolysis, and emotional reward (34-36). Specifically, psychobiological responses are thought to
be activated by an emotional response to music, based on memories of music and cognitive
processing of musical stimuli (37, 38).

The use of music for therapeutic benefit has been practiced for centuries by a wide range
of people. Empiric studies examining the use of music to treat conditions of mania, depression,
and anxiety date to the mid-18™ century (39). The therapeutic use of music by nurses can be
traced to Florence Nightingale who advocated for the use of music for symptom management in
her sentinel Notes on Nursing (40).

When music is used in the clinical setting to achieve a health-related goal, it is called a
music-based intervention (MBI) (41). MBIs are defined by Robb et al as ‘the use of music to
manage symptoms, improve quality of life, promote physical and/or psychosocial function and/or
promote well-being’(42). Therapeutic MBIs are classified as either ‘active’, such as making
music, playing an instrument, or singing, or as ‘receptive’, such as listening to music (43). MBIs
may be delivered by a credentialled music therapist (music therapy) or by a health care provider
(music medicine) (43, 44). Recorded music listening interventions (RMLIs) are one type of MBI
and may be administered by nurses without specialized training.

MBIs (all sorts) feature in several nursing practice guidelines for the non-pharmacologic
treatment of distressing symptoms (41, 45). Data show that critical care nurses support the use of

MBIs for symptom management in critical care and that listening to recorded music is among the



most frequent patient- requested non-pharmacologic therapies (46-48). Recommendations for
music selections targeting dyspnea, pain, anxiety and sleep disturbances in critical care are that
the recorded music be familiar, tailored to patient preference, be of a ‘relaxing’ nature, and at
least 20-30 minutes in length (41, 45). Music preference varies widely and is influenced by social,
cultural, and personal factors (35). Prior research includes the use of a music assessment tool (49)
to develop a patient preferred playlist; however, tools such as these are limited to genres or
specific albums and do not make available the variety of music choice or artificial intelligence
music selection features now widely accessible through advances in technology including app-
based programs or services.
Recorded Music Listening Interventions for Symptom Management in Critical Care
Advances in cognitive neuroscience and the imperative to deliver evidence-based practice
have led to a rise in the quantity and quality of research examining the health benefits of listening
to music in health care settings. MBIs are the most commonly studied complementary health
interventions for symptom management in critical care (50). A recent systematic review of MBIs
use in critically ill adults showed that MBIs of 20-30 minutes in length are efficacious for the
reduction of self-reported pain, but the same review was unable to determine a benefit for people
unable to self-report (51). Self-reported anxiety scores have also been reduced with MBIs in MV
adults (52). However, the effect of MBIs on objective measures of pain and or other important
symptoms such as sleep, agitation, confusion and delirium, and dyspnea has not been established.
Furthermore, the specific use of RMLIs for symptom management has not been evaluated as prior
systematic reviews do not distinguish between type of MBI and include live music therapy

interventions alongside nurse administered RMLIs.



Theoretical Framework: Nightingale’s Theory of Nursing (and the Environment) and
Damasio’s Theory of Emotion, Feeling and Core Consciousness

This dissertation is informed by two theories, Florence Nightingale’s Theory of Nursing
(and the Environment) and Antonio Damasio’s Theory of Emotion, Feeling and Core
Consciousness (Figure 1.1). Both theories are grounded in principles of Holism, a philosophy that
emphasizes the connection between the body and the mind and acknowledges the bidirectional
and aggregate relationship between the two (53). Damasio postulates that feelings in the body
(somatic markers), emotions (in the brain) and consciousness (in the mind) work together to
achieve homeostasis, and that physical and emotional survival are dependent on these
relationships (37). According to Damasio, music, a strong auditory stimulus, is processed in
several parts of the brain including areas responsible for emotional and physical
regulation. Nightingale’s Theory of Nursing (and the Environment) is also predicated on
connections between mind, body, and environment (40). Nightingale insisted that knowledge of a
whole person is greater than that which can be derived from any one symptom or sign. According
to the principles of Holism, the effective management of distressing symptoms in MV adults
requires comprehensive assessment and treatment of co-occurring symptoms and may be
successfully accomplished through the use of potent cognitive stimuli such as music.
Purpose and Specific Aims

The overall purpose of this dissertation study is to analyze and synthesize existing
literature that measures outcomes of recorded music listening interventions (RMLIs) for the
management of common symptoms in critically ill adults during MV, and to describe the effects

of listening to recorded music during critical care hospitalization.



The specific aims of this study are:

AIM 1: Evaluate the state of the evidence that measures the effect of RMLIs on symptoms of

pain, anxiety, agitation, sedation, delirium, sleep disorders, distress, loneliness, or fear, during

MV in critical care.

AIM 2: Describe patients’ perceptions of the effects of listening to self-selected music on

symptom experience during MV after critical injury.

AIM 3: Evaluate the effects of an RMLI on breathing measurements of rate, depth, and

pattern in critically injured adults during MV.
Presentation of the Dissertation

This dissertation is presented in 5 chapters. Chapter 1 introduces the background and

significance of the study as well as the purpose and specific aims of the dissertation. Chapter 2 is
a systematic review of the literature of existing research that measures the effect of RMLIs on
common symptoms experienced during MV. Chapter 3 is a qualitative study that explores the
perceived benefit and use of listening to personally selected, recorded music among a diverse
group of adults experiencing critical care hospitalization. Chapter 4 is an exploratory data-based
pilot study that examines the effect of an RMLI on measures of breathing derived from ventilators
during MV in a sample of adults. Chapter 5 provides a summary of findings, discusses strengths
and limitations of the study, and offers recommendations for future research and nursing

implications.
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Chapter 2: Recorded Music Listening Interventions for Symptom Management in Critically

I, Mechanically Ventilated Adults: A Systematic Review of the Literature

Abstract
Background: Mechanically ventilated (MV) patients in intensive care units (ICU) experience
pain, anxiety, dyspnea, sleep disturbances, fear, and confusion. Medications used to treat these
symptoms are associated with increased rates of delirium and longer length of stay. To mitigate
these risks the Society of Critical Care Medicine recommends the judicious use of medication and
the use of non-pharmacologic therapies such as music-based interventions. Listening to music has
been associated with reductions in self-reports of anxiety in MV adults, however its use as an
adjunct for the management of other distressing symptoms has not been evaluated.
Methods: A systematic search of the literature was conducted for studies that measured the
efficacy of a recorded music listening intervention (RMLI) for symptom management in critically
ill, MV adults between January 1, 1998, and March 20, 2022. Experimental designed trials that
included a recorded music intervention tested against a comparator condition were included. The
outcome measure of symptom management was assessed as an observed sign or a self-report of
change in symptom experience.
Results: Electronic databases PubMED, EMBASE, CINAHL and Web of Science were searched.
Of the 673 abstracts reviewed, 28 clinical trials were included in this review. The overall risk of
bias was moderate. RMLIs were mostly delivered with headphones and used investigator-selected
music, or patient-chosen music from a limited selection. RMLIs were associated with reduced
pain and agitation, improved tolerance of MV and increased sedation levels when measured with

validated psychometric tools. Patients able to communicate reported decreased pain, anxiety,
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dyspnea, and distress. Delirium incidence and severity were unaffected by music listening. No
studies measured sleep, fear, or loneliness. Vital signs were not changed by RMLIs.
Conclusions: Data demonstrate improved self-reported symptom experience and reductions in
observed measures of agitation and pain after a RMLI in critically ill, adult MV patients. RMLIs
are a low risk, non-pharmacological therapy that may improve distressing symptoms experienced
by MV adults. More studies are needed to identify clinically meaningful outcomes and reliable
measurements of the effects of RMLIs in MV patients unable to self-report.

Keywords: Music, Music Therapy, Music Based Intervention, Mechanical Ventilation, Critical
Care, Sedation, Agitation, Anxiety, Pain, Delirium, Symptoms, Dyspnea, Distress, Sleep,

Systematic Review
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Introduction

Over 4 million adults are admitted annually to intensive care units (ICU) in the US where
between 20-40% will receive advanced respiratory support with mechanical ventilation (MV) (1).
Global estimates of MV use are between 13-20 million people per year (2). Critically ill patients
experience significant symptom burden including high rates of pain, anxiety, delirium,
restlessness, dyspnea, confusion, sleep disorders, loneliness, depression, and fear (3-6). MV is an
independent risk factor for each of these co-occurring symptoms (7, 8). For example, rates of
anxiety increase from 50% in the general ICU population to 80% in MV patients (9-11), and fear
contributes to dyspnea in MV adults (12). Agitation, an observed constellation of physiologic,
behavioral, and psychological responses may be caused by fear, sleep disturbance,
communication deficits, anxiety, breathlessness, and pain (13, 14). People who experience
delirium may be agitated or somnolent, some endorse hallucination, and others experience
confusion (15). Delirium is also associated with poor outcomes such as increased length of MV,
longer ICU stays, and long-term cognitive impairment (13, 16-20). Prior research suggests that
people receiving MV also experience disembodiment exacerbated by lack of power and control
over their environment and inability to communicate (21). In addition to the distress experienced
by MV patients during ICU hospitalization, symptoms of pain, anxiety, delirium, and lack of
sleep are associated with post-1CU anxiety, post-traumatic stress disorder (PTSD), depression and
decreased quality of life at 1 year follow up (22, 23). Thus, failure to adequately address
symptoms during ICU hospitalization can have long term health consequences.

Palliation of ICU symptoms remains a challenge. Common pharmacologic treatments for
pain, anxiety, and agitation such as opioids, benzodiazepines, psychoactive medications, and

continuous hypnotic infusions confer increased risk of delirium. Deeper levels of sedation used to
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subdue severely agitated patients or to promote tolerance of MV are also associated with
development of delirium and increased length of stay (24, 25). Consequently, total sedative
burden reduction in ICU is strongly recommended (26). However, lighter sedation has also been
associated with increased negative memories of ICU hospitalization, which increase the risk of
PTSD (27). In an effort to strike a balance between excessive and inadequate medication, new
guidelines for critically ill adults include recommendations to minimize psychoactive medications
and to employ non-pharmacologic interventions, such as music, to reduce distressing symptoms
associated with critical illness and MV/(28).
Recorded Music Listening Interventions for Symptom Management in Critical Care
Empiric studies examining the use of music date back to the mid-18" century (29) and
Nightingale advocated that music be used for symptom management (30). Symptom assessment
and management is a hallmark of the nursing profession as explained in the UCSF Symptom
Management Theory (31). According to Robb, music-based interventions (MBIs) are ‘the use of
music to manage symptoms, improve quality of life, promote physical and/or psychosocial
function and/or promote well-being’ (32). The use of MBIs to manage pain and anxiety appear in
summary recommendations as easy to use, low risk interventions to promote safe and effective
analgesia, anxiolysis, and sleep hygiene in critical care (11, 13, 33, 34). Whereas music therapy
is delivered by a trained and licensed music therapist, other MBIs such as listening to recorded
music may be initiated by nurses or other clinicians without specialized training (35). Nurses
report interest and belief in the efficacy of recorded music listening interventions (RMLI) for
symptom management in critical care, identifying music as one of the most requested modalities
among their patients (36-38). As such, the use of RMLI represents an accessible and acceptable

form of non-pharmacological intervention for symptom management in hospital settings.
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The use of MBIs for symptom management in critical care has been reviewed before with
mixed results. In one systematic review, the use of MBIs in critically ill adults was associated
with reductions in self-reported pain, but not in observed pain scores (39). Others have reviewed
the use of MBIs for the treatment of anxiety and stress in critically ill adults, noting similar
reductions in self-reported symptom experience, but no change in objective measures (40). Garcia
Guerra and colleagues also did not find evidence that MBIs were associated with reductions in
sedative or analgesic use in their systematic review of MBIs in critical care (41). Bradt and Dileo
examined the use of MBIs in MV adults and found reductions in self-reported anxiety scores,
though the overall quality of evidence in their meta-analysis was low or very low (42). Study
participants were restricted to awake, calm patients who could report their anxiety thereby
limiting the generalizability of their results. Prior reviews also include a variety of MBIs,
combining music therapy, live music and RMLI delivered by clinicians. As a result, the efficacy
of a RMLI for symptom management remains unclear.

The imperative to treat distressing symptoms in MV patients while avoiding medication
side effects has led to a rise in the number and the quality of randomized controlled trials (RCTs)
available to inform practice. Despite evidence that distressing symptoms are co-occurring most
studies of RMLI in MV adults are limited to the examination of a single symptom such as self-
reported anxiety or pain, ignoring the relationship of co-occurring symptoms of dyspnea,
depression, fear, delirium, and confusion. Studies of RMLIs in MV adults often exclude patients
with altered mental status. If RMLIs can help reduce distress and medication burden , it is
necessary to measure the effects against clinical outcomes of symptom relief in a population

unable to self-report. Therefore, the purpose of this systematic review is to evaluate the state of
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the evidence that utilizes a RMLI to manage common symptoms experienced by critically ill MV
adults.

Methods
Protocol and Eligibility Criteria

This systematic review was conducted in accordance with the 2009 PRISMA guidelines
(43, 44) and the protocol was registered on PROSPERO (CRD42020153026).

We included peer reviewed, experimental RCTs or quasi experimental trials published
since 1998 that evaluated the effect of a recorded music listening intervention on commonly
reported symptoms of pain, anxiety, agitation, delirium, confusion, dyspnea, sleep disturbances,
fear, depression, and loneliness in critically ill MV adults (Table 2.1). For the purposes of this
review, a RMLI was defined as a prescribed period of listening to pre-recorded music. Clinical
trials that compared the use of music to "no music"” or other comparator were included. This
review was limited to clinical trials that assessed recorded music specifically; studies in which
music was co-administered as part of a larger protocol of other interventions were excluded as
were studies that included live music or non-music auditory stimulus (e.g., nature sounds).
Language was restricted to studies written in English or French due to evaluator language ability.
Further, studies were excluded if they had a qualitative design, or were review articles, published
protocols, or cost effectiveness trials. Commentaries and editorials were also excluded.
Participants were limited to adults, aged 18 and older, admitted to critical care areas including
medical or surgical ICUs, and who were receiving MV. Studies including neonates, children, or
mothers of neonates in critical care were excluded as were studies conducted exclusively in the
operating room, procedural suite, or recovery room. Patients who were treated for burns were also

excluded as this patient population experiences uniquely high levels of stress, anxiety and pain
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which may influence the outcome of a RMLI and the reliability of findings across studies.
Studies that examined primary outcome measures of objective assessment of sedation, agitation,
relaxation, behavioral pain, ventilator tolerance, or sedative/analgesic medication burden were
included as well as studies that measured subjective reports of dyspnea, pain, anxiety, sleep
disturbances, confusion, loneliness, fear, and satisfaction. Articles whose outcomes were not
measures of symptom burden were excluded.
Information Sources and Search Strategy

An initial exploratory search was conducted in consultation with a university librarian.
Once the search terms were refined, studies were identified using search strategies within
PubMed, Embase, CINAHL and Web of Science databases. Dates were restricted to 1/1/1998 —
3/20/2022 for all 4 searches. Medical Subject Heading (MeSH) search terms and free text words
were systematically combined to identify relevant studies. The search strategy was adapted to
each database after adding Boolean operators such as “AND/OR”. Search terms are presented in
Appendix 1. A grey literature search was conducted (RM) using reference lists from identified
studies of interest.
Study Selection

Relevant results were scanned for duplicates. Next, the eligible studies were exported into
Covidence software where the title and abstracts were screened by 2 independent reviewers (RM,
TB) using the eligibility criteria. Studies that did not meet inclusion criteria were removed. The
remaining articles that met inclusion criteria were screened by full text assessment. Studies that
did not specifically measure distressing symptoms or related outcomes of an RMLI in MV adults

in critical care settings were removed. A third reviewer (JHE) adjudicated any disagreements.
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Data Collection and Items

Data were extracted from included studies through full text review by one investigator
(RM). Extracted study variables included: author; setting; study design; sample size; demographic
variables; and clinical characteristics at enroliment. Characteristics of RMLIs were identified
according to CONSORT guidelines for reporting music-based interventions and extracted into a
table (45). Extracted outcomes included: physiological measurements of heart rate (HR),
respiratory rate (RR), systolic and diastolic blood pressure (SBP and DBP), oxygen saturation,
Bispectral index of sedation (BIS), and change in electroencephalogram (EEG); observed
measures of pain, delirium sedation or agitation; and subjective reports of anxiety, pain, dyspnea
and distress using visual analogue scales (VAS), the State Trait Anxiety Index (STAI), Numeric
Rating Scale (NRS) and the patient distress index (PDI). Due to the heterogeneity of symptoms
and outcomes measured, a meta-analysis of findings could not be performed. A narrative
synthesis of the findings was conducted and presented in text and tables. Any qualitative
observations were extracted into Appendix 2.1.
Risk of Bias

Risk of bias was determined by 2 reviewers (RM, TB) using the Evidence Project risk of
bias tool (46). The tool consists of 8 criteria designed to assess risk of bias across a variety of
study designs including quasi experimental and observational studies and has a high inter-rater
reliability (x=0.66). Each manuscript was assessed for its adherence to the criteria including:
(1) cohort, (2) control or comparison group, (3) pre-post intervention data, (4) random assignment
of participants to the intervention, (5) random selection of participants for assessment, (6) follow-
up rate of 80% or more, (7) comparison group equivalence on socio-demographics, and

(8) comparison group equivalence at baseline on outcome measures. Because clinical
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characteristics may influence the results of RMLIs in critical care, the category of ‘baseline’
demographics was expanded to include important clinical characteristics such as length of stay,
length of mechanical ventilation, and diagnoses.
Results

Study Selection

The literature search revealed a total of 900 citations for review. After removing
duplicates, 633 studies remained. After review of title and abstract, 573 did not meet screening
criteria and were eliminated. The full text of the remaining 60 manuscripts were then assessed. Of
these, 32 more were excluded because they did not meet inclusion criteria. A total of 28 studies
were identified for final analysis (Figure 2.1). Two citations (47, 48) were identified from the
same research study and are reported together.
Risk of Bias

None of the studies included in this review met all 8 criteria of rigor outlined in the
Evidence Project risk of bias tool, resulting in an overall medium risk of bias (Table 2.2). Criteria
that address ‘participant representativeness’ were the most commonly missing, specifically:
‘random selection of participants’ and ‘follow up rates of at least 80%’. Random selection of
participants is difficult in single center or critical care studies with strict inclusion criteria. High
rates of attrition are common in critical care studies where sudden changes in clinical condition
(including unanticipated improvements) interrupt studies conducted over days. Notably, studies
that examined a single music listening intervention had high completion rates. Overall, study
participants were well matched across treatment arms for socio-demographic measures. Critically,
comparison groups were also equivalent across important, potentially confounding clinical

features. While not formally assessed in the Evidence Project risk of bias tool, we embedded this
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observation into the analysis of ‘socio-demographic’ equivalence between groups, potentially
increasing the rigor of the tool.

Parity of baseline outcome measures between comparison groups was largely balanced
adding to the validity of findings. Sample size, effect size and power analysis do not feature in the
Evidence Project risk of bias tool and would likely add significant risk of bias to several of the
studies included. Many were exploratory, pilot, or feasibility studies with small sample sizes and
were not designed to measure symptom outcomes. On their own, these small studies represent a
high risk of bias, but this is mitigated by the consistency of results they share with other more
rigorous studies in the group. A meta-analysis was not performed due to the heterogenous nature
of both the interventions and measured outcomes.

Theoretical Framework

Few investigators described formal theoretical models to support their hypotheses; 4
suggested theories of the Environment (including Nightingale’s) as a framework for exploring the
mechanism by which RMLI may affect patients in critical care (49-52) and 3 others proposed a
cognitive neuroscience theory of meaningful stimulation (Table 2.3). ‘Distraction’ (48, 53, 54)
and ‘entrainment’ (55, 56) were suggested by 5 study authors as a means to support the
mechanism of music-induced symptom relief, and one group discussed a theory of Holism (57).
The majority of studies discussed psychophysical or psychoneurological models wherein music
stimulates the hypothalamic-pituitary axis and limbic system to change overall symptom state,
however these mechanistic explanations were mooted as hypothetical models, not as tested

theories (51, 58-65).
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Study and Sample Characteristics

All reviewed studies were clinical trials with convenience samples (Table 2.3). Twenty-
four used randomized designs and 6 were cross-over trials (49, 52, 58, 63, 64, 66). Studies were
conducted in 11 countries including Western Europe (49, 51, 54, 61, 62, 65-69), the Middle East
(57,70, 71), Asia (47, 48, 52, 53, 56, 64) and North America (50, 55, 58-60, 63, 72-74). A total of
1717 participants were included. Study size ranged from 6-373 participants. The mean age of
participants ranged from 34-74 years (mean 65.14 years) and 47.2% (n=811) were female sex.
Race and ethnicity were reported in 5 studies (55, 59, 63, 72, 73), all of which were conducted in
the US where most participants were white (84.6%). Participants were described as clinically
stable and were enrolled between 1 to 16 days after admission. The majority of patients were
described as ‘awake’, ‘co-operative’ or able to ‘respond’; many studies stipulated the exclusion of
any patients receiving continuous sedation. Only one study included agitated patients (52) and 7
included patients with decreased level of consciousness or who were chemically sedated (49, 50,
58, 60, 62, 70, 72, 74). Though most inclusion criteria stipulated broad descriptions such as
‘stable ventilator settings,” or ‘self-triggering modes,’ specific ventilator settings at the time of
enrollment were only described in 14 studies, and only 7 of these included spontaneous breathing
modes (52, 54, 56, 62, 63, 68, 69).
Recorded Music Listening Intervention

Participants (or their surrogates) were offered a choice of music styles from a limited
selection list of Western or Chinese classical, country, jazz, ‘oldies’, Chinese traditional, new age,
religious music or movie scores in 11 studies (47, 48, 50, 53, 55, 56, 59, 64, 68, 71, 72) (Table
2.4). Three study investigators offered patient preferred music with restrictions on tempo and

mood (described as ‘relaxing”) (63, 66, 73). Two study designs used unrestricted choice of any
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music (52, 69). The remaining 11 studies used music selected by investigators: Western Classical
music (51, 54, 58, 60-62, 74); Sufi compositions (65, 67); ‘New Age’ music (49); or instrumental
music (70). Most music selections were described as ‘relaxing,” and of a ‘slow rhythm’ often
limited to 60-80 beats/min; however, one group included faster tempo pop songs (52). All but 2 of
the included studies used headphones for music delivery: two studies used a pillow with
embedded speakers (audio pillow) (65, 67). Participants listened to music for a fixed period of
time, ranging from 20 min to 240 minutes, in all but one study where RMLIs were patient-
initiated and the mean listening time was 79.8 minutes/day (72). RMLIs were delivered once (48-
52, 54-56, 59-61, 64-67, 71), twice in one day (57, 58, 73), 3 times in 12-hour intervals (68) or
daily over the length of the study period (49, 57, 62, 63, 69). Time of day of RMLI varied with
many protocols using morning (9:00 or 10:00 am), evening (20:00) or in between. Four studies
paired the RMLI with a painful event (endotracheal suctioning or turning) (62, 65, 67, 71), three
were coordinated with a daily ventilator weaning trial (52, 63, 66), and two were coordinated with
a daily sedation interruption (60, 74).
Control or Comparator Conditions

In 10 studies the control condition was a period of resting quietly with noise cancellation
headphones (48, 49, 53, 56, 58, 60, 61, 69, 71, 72). One group used stereo headphones without
noise cancellation (74) and 4 included a third condition of resting quietly without headphones (53,
61, 69, 72). Two studies compared patient-selected music to investigator-selected music (52, 73).
Two studies did not describe the type of control condition used (54, 63). The remaining studies
compared a music listening intervention to a period of controlled rest, or usual care without noise

cancellation.
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Symptoms Measured

The most commonly measured symptom was anxiety (48, 50, 52, 53, 55, 56, 63, 64, 68,
72, 73) (Table 2.5). The effects of music on sedation-agitation were explored in 11 studies (49,
51, 52, 55, 57, 58, 64, 66, 72-74). Procedural pain outcomes were measured in 4 studies (54, 62,
65, 67) and 4 explored pain outcomes more generally (49, 66, 70, 71). Stress was measured in 6
studies (48, 53, 58-61) and delirium in 2 (57, 73). Four studies considered outcomes of dyspnea or
ventilator tolerance (49, 50, 63, 69). One study measured distress (69). No studies measured
outcomes of sleep disturbances, loneliness, or fear.
Measurements of Symptom Experience

RMLIs were associated with deeper states of sedation when measured with Ramsay and
Richmond Agitation Sedation Scores (RASS) in 5 of the 8 studies that used these instruments (52,
60, 65, 66, 68). Subjective report of anxiety, as measured by VAS and STAI, were lower after an
RMLI in 7 of 10 studies (48, 50, 52, 53, 55, 64, 72). RMLIs were also associated with lower
CPOT and Behavioral Pain Scores (BPS) in 5 of 7 studies that included these observed measures
of pain (62, 65, 67, 70, 71). Self-reported pain was also significantly lower in the music condition
in the only study that compared results of the NRS (66). Of the 2 studies that measured the
symptom of dyspnea, only one noted a significant reduction in VAS of this symptom following an
RMLI (63). Participants in the music arm also reported significantly reduced distress using the
peri-traumatic distress inventory (PDI) in the only study to measure this symptom (49). Delirium,
measured as proportion of time spent with a positive Confusion Assessment Measure for ICU
(CAM-ICU) or as incidence of CAM positive, was not different between music groups and

controls (57, 73). Seven studies reported qualitative findings including appearances of ‘calm’,
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‘restful” behaviors, falling asleep during RMLIs, reductions in ‘agitated’ behaviors, and
subjective reports of feeling ‘normal’ and ‘calm’ (48, 49, 52, 60, 66, 72, 73).
Physiological Parameters

Hemodynamic parameters including HR, BP, RR, and other measures of breathing were
measured in all but seven studies (50, 52, 64, 67, 70-72) (Table 2.5). Mean HR was decreased
after listening to music in 6 studies (48, 53, 55, 56, 63, 66), but did not vary compared to a control
condition in the other 10 studies that reported on this measure (49, 51, 57-62, 65, 68). Results
were varied for the BP parameter assessed as: systolic (SBP), diastolic (DBP), and mean (MAP).
Sixteen investigators measured SBP, but only 6 found a mean decrease in SBP associated with an
RML (48, 51, 53, 54, 60, 66). Of the 12 studies that included DBP measurements, only 3 (51, 53,
54) showed a reduction after RMLIs, and MAP was reduced in only one study (48) out of the 6
which included this outcome measure. Six studies measured oxygen saturation (51, 53, 54, 61, 65,
69) but none found any statistically significant change after the RMLI. Mean RR was assessed in
16 studies and 6 showed reductions after RMLIs (53-56, 63, 66). Paired with this finding, data
from one study demonstrated an increase in tidal volume and minute ventilation after an RMLI,
compared to no change in the same parameters in the control arm (66). RMLIs were associated
with a reduction in MV length in 2 trials (50, 57) and an increase in tolerance (time) of ventilator
weaning trials in a third (63). Electroencephalogram recordings were not different after music
compared to control in a single study (60) and Bispectral Index of Sedation (BIS) was lower after
an RMLI in one study (66), but was unchanged in a second (49).

Serum biomarkers commonly associated with stress states were measured in 4 studies with
mixed results. One group found that levels of Interleuken-6 (IL-6) and epinephrine decreased and

levels of growth hormone increased after a 60-minute music listening intervention (60). But there
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was no difference in IL-6 levels after an RMLI in Beaulieu-Boire, et al.'s cross over design study
(58). Adrenocorticotrophic hormone (ACTH) and prolactin decreased significantly after the music
listening intervention in one study (58) but were unchanged in another (60). Cortisol was reduced
significantly in two studies (48, 58) but was unchanged in a third (59). Leptin, enkephalin (58),
epinephrine (59) and norepinephrine (59, 60) were unchanged by music listening.
Medication Use

RMLIs were not associated with reductions in opioid (57, 58, 61, 72, 73), anxiolytic,
sedative, or hypnotic use (58, 61). One group of investigators combined all hypnotic, opiate, and
anxiolytic medications into a unique ‘frequency of use’ measure and an overall ‘concentration of
dose’ measure and reported a statistically significant reduction of each in the music listening arm
as compared to the usual care arm (72). Two groups found improved tolerance of sedation
weaning with RMLIs compared to without (60, 74).

Discussion

To our knowledge, this is the first systematic review to report on the current uses of and
effect of RMLI on commonly experienced symptoms in MV adults. This study supports prior
research that has identified a benefit of MBIs for self-reported pain (39) in critically ill adults, and
for self-reported anxiety in MV adults (42). New study findings show that RMLIs appear
effective for use during procedural pain and ventilator or sedation weaning. This review also
identifies several new uses of RMLIs for symptom management in MV adults to include relief of
dyspnea, delirium, agitation, and distress. Methodological weakness and heterogeneity of
outcome measures limit our ability to draw firm conclusions, but together these results provide
preliminary evidence to support the use of RMLIs as an adjunct to symptom management in MV

adults.
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Symptom Measurement

In general, when symptoms were measured with validated scales or psychometric
instruments such as the VAS, RASS, and CPOT, RMLIs were associated with improved symptom
experience (dyspnea, pain, anxiety, agitation, and overall distress), whereas studies that relied on
physiological variables failed to demonstrate an effect. We speculate that these lack of findings
are because common physiological measurements lack specificity for symptoms experienced in
critical care (75). In fact, none of the validated reliable tools used to measure pain, sedation-
agitation, or delirium in critical care utilize HR, BP or RR in their construct; rather they are based
on clinical judgment of the level of arousal, restlessness, facial expressions, body movements,
executive function and responsiveness (76, 77). Some researchers have suggested entrainment as
a theoretical model for the mechanism of action of music as a sedative which has informed the
selection of relaxing music with a slower rhythm (60-80 beats/min) (78). However, this
theoretical mechanism has not been demonstrated in critical care; noted reductions in mean HR
after RMLI are likely coincidental (79). Mean HR may be affected by intravascular volume status,
catecholamine agonist or antagonist medications, temperature, or a host of other confounding
variables present in critically ill patients. Slower, deeper breaths have been associated with
relaxation in healthy populations (80), thus change in RR can be conceptualized as a biomarker
for change in somatic state. However, variance of RR is limited by pre-determined ventilator
settings during MV. Similarly, listening to music has been associated with reductions in
expression of stress hormones in healthy controls (81), but cortisol generally has poor specificity
in critical care (82) and adrenal responsiveness, as well as cortisol metabolism may be blunted in
critically ill adults (83, 84). Most importantly, physiological variables may sometimes

demonstrate statistical significance, but, on their own, may not represent a meaningful clinical
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outcome. As such, the use of these measurements does not advance our understanding of the
effectiveness of RMLIs for symptom management.

The use of validated measures of symptom experience are a strength in several reviewed
studies. Guidelines for the management of pain, anxiety/agitation, delirium and sleep include
titration of medications against validated psychometric scales in patients unable to self-report, a
practice that has been effective in reducing total sedative burden, length of MV and improving
pain (13, 28). While not amenable to synthesis, the inclusion of other clinically meaningful
outcomes, such as tolerance of sedation and ventilator weaning, and reduction in medication
administration, also add to the strength of this review. The COMET (Core Outcome Measures in
Effectiveness Trials) Initiative is a best practice collaboration endorsed by the Cochrane group
that calls for the use of standardized, clinically meaningful outcomes, called core outcome sets, in
all clinical trials (85). Benefits of the use of core outcome sets include reduction in reporting bias
and an increased prospect of generating useful results.

Symptom Measurement in the Less Awake and During MV

Studies that gauge the effectiveness of RMLI against reliable measurements of symptoms,
also allow for inclusion of less awake, more agitated, or more deeply sedated patients, a factor
that will expand the potential applications for treatment with music in critical care. Until there are
established core outcome measures for the effects of RMLI on common symptoms in critical care,
the use of validated instruments such as the VAS scales (anxiety, pain, dyspnea) and
psychometric scales such as the RASS, CPOT, BPS, Ramsey, and CAM-ICU contribute to the
reliability and validity of future studies. Use of validated tools such as the Hospital Anxiety
Depression Scale (HADS) and the peritraumatic distress inventory (PDI) by Messika et al (69)

also represent important methodological advances for establishing a more complete understanding
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of the potential benefits of RMLI while MV. Observations of patients smiling, seeming ‘happy’,
tapping their feet, mouthing words, as well as reports that music made them feel ‘normal’ support
this hypothesis (52, 72, 73).
Symptom Measurement of Sleep Quality

Lastly, we note the lack of studies examining the effects of RMLI on sleep quality in MV
adults. Listening to music is associated with improved sleep in healthy adults (86) and there is
evidence that listening to recorded music alone or alongside other mind-body interventions is
associated with improved quality and quantity of restful sleep in non MV critically ill adults (87,
88). This is consistent with qualitative observations in several of the reviewed studies. Given the
importance of adequate sleep, both for symptom experience and prevention of delirium, studies
that use validated instruments to examine the use of music to treat and prevent sleep disorders
represent an important area for future research.
Other Symptom Measurement Factors

Overall, this review includes 1717 patients on 3 continents, adding to the generalizability
of the findings. However, results of the reviewed studies may have been influenced by the older
mean age of the cohort age (>65). Older age is a risk factor for delirium and is associated with
decreased metabolism of sedative and analgesic medications that can influence symptom
outcomes (8). Several studies stipulated an awake, interactive state as inclusion criteria in their
designs, but few included a formal screen for delirium. If present, delirium may have affected the
results as hypoactive delirium can dampen a patient’s arousal and hyperactive delirium may result
in increased use of restraints, antipsychotics or sedatives to maintain patient safety.

Variable symptom experience within individuals may also have affected the results. Most

studies measured the outcome of only one symptom and did not account for the potential
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interaction of a co-occurring symptom. This was most common with studies of anxiety and pain,
two independent symptoms that are known to interact (89, 90). None of these potential confounds
diminish the self-reported improvements in symptoms, but they do limit the strength of our ability
to infer causal relationships between RMLI and specific symptoms. Disparate medication
administration also may also have biased the results of the studies. For example, sedative use is
associated with reduction in analgesia (91). Lack of formal medication administration protocols
also threaten the reliability of symptom outcome studies. This approach is problematic as the
absence of an agreed upon goal or target sedative level may result in disparate sedative
administration (77). Studies that include an RMLI within a protocol-based medication plan may
help clarify the potential for RMLI to reduce or replace sedatives in critical care.
Music Selections

It is difficult to know what role music selection played in the symptom outcomes. Despite
recommendations to tailor music selections to patient preference (92-97) most of the studies
limited choice of music (n=22) to ‘traditional’, ‘instrumental’, or Western classical music.
However, patients in US-based studies have also identified jazz, country, pop music, rock and
roll, and spiritual music as ‘preferred’, ‘relaxing’, and helpful for pain control (98). Even when
choice was offered, selection was usually limited to slow tempo ‘relaxing’ music, or to a choice
between a group of investigator-selected playlists. Yet studies of people with altered
consciousness suggest that compared to ‘relaxing classical’ or investigator chosen ‘neutral’
music, use of preferred music, regardless of tempo, is associated with a stronger effect
demonstrated by greater reduction in agitation after traumatic brain injury (99), improved level of
consciousness after coma (100), or increased relaxation response in the operating room while

under light anesthesia (101). Listening to a preferred musical genre or familiar music has been
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associated with increased relaxation effect and heightened pleasure arousal in healthy adults (102,
103). While it is not clear if this finding translates to the critically ill patient population, offering a
patient-centered and patient-selected music may confer increased benefit of an RMLI. In fact, the
3 studies which offered an unlimited personalized selection of music demonstrated a statistically
significant relaxation effect (52, 63, 66).

Newer technologies such as tablets and music streaming services afford increased access
to unrestricted music of choice. Family members and close acquaintances may know best what
music is most helpful to individuals unable to self-report in the ICU since the basis of our musical
preferences is rooted in our socio-cultural context (104). Additionally, family and friends may be
more reliable assessors of symptoms experienced by ICU patients than clinicians (105). Culturally
humble care which is informed by cultural identity, personal preferences, history, and context
may help to reduce health inequities and restore health after injury (106).

Delivery of Music Interventions

Variations in the control arms and the potential therapeutic effect of noise cancellation
headphones may have reduced the strength of the findings. Critical care units are plagued by high
noise levels and the World Health Organization has made recommendations to offer earplugs or
headphones to reduce this (107, 108). Additionally, headphones themselves have been studied for
promotion of sleep and prevention of delirium (25, 109). Maintaining headphone use across both
arms attends to concerns of internal validity. Conversely, the use of headphones may add to
feelings of disconnectedness, communication barriers, and feeling de-situated especially during
MV. Studies which explore the use of music delivered ambiently may suffer methodological

criticism but may be more pragmatic and acceptable.
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Music Intervention Protocols

The heterogeneity of duration, timing and frequency of RMLIs in these studies precludes
any summary conclusions about optimal length or frequency of RMLIs; however, the wide
variety of symptoms included in this broad review likely require varied management approaches.
Results of the studies in this review suggest that coordinating RMLI alongside a stressful stimulus
may increase be of benefit. Some symptoms are brief and related to a specific stimulus or stressor,
such as procedural pain. Research exploring cognitive processing of music suggests that adults
are affected by listening to music within minutes (110, 111) and that RMLIs of short durations
(10-15 minutes) are associated with improved level of arousal during coma recovery (112, 113).
This rapid onset of effect may help explain the why short RMLIs (20-30 min) were effective for
management of procedural pain in the studies in this review. However, longer RMLIs were also
well tolerated when administered during ventilator and sedative weaning. Planned sedation
interruptions, called ‘daily wake up’ periods, are the standard of care to promote early weaning
from MV and reduction of sedative use (114). Studies exploring the effects of RMLI during
general anesthesia indicate that RMLI are associated with reduced emergence delirium and
increased satisfaction compared to controls (115). Though sedative medication requirement was
not formally assessed as an outcome in the studies that examined people during sedation
interruption or emerging from anesthesia, the authors observed that patients who received an
RMLI required less rescue sedative compared to patients in the control conditions. Similarly,
patients who received an RMLI intervention during and immediately after surgery with general
anesthesia experienced a subjective reduction in anxiety state (50). Other symptoms, such as sleep
disruptions, are related to time of day and others, such as anxiety, may wax and wane (116). This

highlights an important area of research in therapeutic RMLIs for critically ill patients: optimal

35



frequency length and duration of effect of RMLIs, though this is likely to depend on the symptom
of interest.
Limitations

This review was limited to published peer reviewed journals and may be affected by
publication biases (117). Two grey literature citations appeared to meet inclusion criteria but were
unpublished data. Other relevant citations were only available as conference abstracts, with
limited data on methods and results and were therefore excluded. A second limitation of this
review is that the search was limited to publications in English and French; at least 4 other studies
met inclusion criteria but were published in Korean, Greek, Spanish and Chinese, and therefore
were not incorporated. Finally, this review does not include meta-analysis due to the
heterogeneity of outcome measures, a result of the broad scope of this review.

Conclusions

These 28 studies add to prior research that demonstrates improved self-reported symptom
experience associated with RMLIs in awake, responsive MV adults. Additionally, changes in
observed pain, agitation, sedation level, and ventilator tolerance were appreciated in adults unable
to self-report due to altered levels of consciousness. Unlike prior reviews, listening to music was
not associated with changes in vital signs. Instead, the use of validated psychometric instruments
provided evidence of the effect of music on symptoms of pain, anxiety, agitation, dyspnea, and
distress. There remain substantial expansion opportunities for RMLIs use among MV adults to
include testing the effects of varied types of music and expanding the outcomes of interest to
incorporate measures of sleep quality, psychological wellbeing, and ventilator tolerance. Future

clinical trials that seek to maximize potential therapeutic benefit of an RMLI in MV will benefit
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from research that identifies reliable, meaningful measures and that help explain the underlying

mechanism of action of music intervention.
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Table 2.1: Inclusion and Exclusion Criteria

POPULATION

INTERVENTION

CONTROL
SETTING

DESIGN

OUTCOME of
MEASURE

DATES

LANGUAGE

Adults >17 yrs. old
Mechanically Ventilated

Recorded Music Listening
Intervention

Placebo, or “no music”
Surgical or Medical Intensive
Care Unit (ICU)
Experimental Designs,
Randomized Controlled Trials,
Quasi-Experimental Trials,
Clinical Trials, Cross-Over
Pain, anxiety, agitation,
dyspnea, shortness of breath,
sedation, ventilator tolerance,
sedative, loneliness, delirium,
confusion, stress, insomnia,
sleep, fear, satisfaction,
depression

January 1, 1998, and March
20, 2022

English or French

Neonates, Children (<18),
Breast Feeding Mothers,
Mothers of Neonates, Burns
Live Music, Music Bundled
with other Complementary
Health Interventions, ‘No
Music’

Procedural Suites, Operating
Room, Recovery Room
Qualitative, Commentary,
Reviews, Protocols, Editorials,
Cost Effectiveness Trials

Not a measure of a symptom
(e.g., feasibility,
demographics)

Prior to January 1, 1998, After
March 20, 2022
Not in English or French
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Table 2.2: Quality of Evidence Using the Evidence Project Risk of Bias Tool

First Author, Cohort Control Pre- Random Random Follow Social Baseline total
Publication Comparator Post Assignment Selection Up >80% Clinical outcomes
Year Equal Equal

Aktas, 2015 Y Y Y Y N Y Y Y 7
Aktas, 2018 Y Y Y Y N Y Y Y 7
Almerud, Y Y Y NR N Y Y NR 5
Beaulieu-Boire, Y Y Y Y N Y Y* Y ** 7
2013

Chlan, 1998 Y Y Y Y N Y Y Y 7
Chlan, 2007 Y Y Y Y N Y Y Y** 7
Chlan, 2013 Y Y Y Y N N N N 4
Conrad, 2007 Y Y Y Y Y Y Y NR 7
2'351";5“6”5' Y Y N Y N Y Y NR 5
ZD(;J'l'BS"av Y Y Y Y N Y Y Y 7
Han, 2010 Y Y Y Y N Y Y N Zakekaiad 7
Iblher, 2011 Y Y Y Y N N Y Y 6
Jaber, 2006 Y Y Y Y N Y Y Y 7
Jacq, 2018 Y Y Y N N Y Y Y 6
Khan,2020 Y Y N Y N N Y NA 4
nglf;‘a”’ Y Y Y Y N NR NR Y 5
ZKgfg’aﬂ Y Y Y Y N NR Y Y 6
5857 . Y Y Y Y N Y Y Y 7
Lee, 2005 Y Y Y Y N NR Y Y *EEx 6
Iz-éirég Y Y Y Y N N Y Y 6
glloatgu-(:apell, Y Y Y Y N Y Y Y 7

1

Messika, Y Y Y Y N N YHHEX NR 9)
2019 *

QST; Y Y Y NA N Y Y NR 5
To, 2013 Y Y Y Y N Y Y N 6
Twiss, 2006 Y Y Y Y N N Y Y 6
\Zl\égrig Y Y Y Y N Y Y Y 7
Yaghoubinia, Y Y Y Y N Y Y N 6
2016

Y = met, N = not met; NR: not reported,

NA = not applicable

* = control group more sedatives; **= baseline cortisol differed between groups****= combined Lee et al papers for

reporting (single cohort); *****= higher baseline carbon dioxide level in music group
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Appendix 2.1: Search Terms

Patients Settings Intervention Outcomes
(Symptoms)
'respiration ‘critical 'music’ ‘pain’
artificial’ care’ 'music 'anxiety’
'mechanical ‘intensive medicine' ‘agitation’
ventilation’ care 'music ‘sedation’
units’ therapy' ‘sedative’
‘post- ‘music ‘delirium’
operative intervention’ ‘confusion’
care’ ‘disorientation’
‘stress’
‘sleep’
‘insomnia’
‘fear’
‘satisfaction’
‘loneliness’
‘depression’
‘dyspnea’
‘shortness of
breath’
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Appendix 2.2: Qualitative Findings

Almerud, 2002: No recall of listening to music; 'constant light and noise' a source of
discomfort, confusion; comfort from family presence

Chlan, 2013: sleeping while listening, tapping along, appears less anxious to nursing,
'rests well' with the headphones, seems happy, slept well with music on, calm resting;
able to decrease sedative

Conrad, 2007: No extra sedative in RMLI arm, rescue sedative in control condition

Khan, 2020: music made them feel 'normal and calm’, 80% rated music enjoyable, would
prefer to choose their own

Lee, 2005: increase in proportion of ‘comfort behaviors, such as ‘restfulness’ and ‘sleep’
Mateu-Capell, 2018: observed waking from sedation, fell asleep if music on
Park, 2019: change in agitated behaviors stopped once preferred music on (e.g., no longer

trying to take off a medical device); smiling moving lips to sing along, disappointed only
allowed to listen to preferred music once, fun to listen to preferred
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Chapter 3: Personally Selected Recorded Music for Cognitive and Psychological
Homeostasis in Critical Care

Abstract
Purpose: Mechanically ventilated adults experience significant symptom burden during critical
care hospitalization. Pain, anxiety, and delirium and the medications used to treat each are
associated with increased morbidity and long-term negative cognitive and psychological
outcomes. Recorded music has been used as an adjunct for symptom management in critical care
but remains understudied in terms of population diversity, music selection, and range of
symptom experience. This study aims to illuminate the ways in which a diverse group of adults
use self-selected recorded music to recover after critical illness and describe patients’ perceptions
of the effects of listening to self-selected music on symptom experience during MV after critical
injury.
Methods: Semi-structured interviews were collected and analyzed with grounded theory
methodology.
Setting: Surgical and Neurotrauma Intensive Care Unit (ICU) in an urban, level 1, academic
hospital.
Participants: 16 critical informants (patients or their family) experiencing ICU hospitalization
after critical injury.
Results: We identified 6 novel uses of personally selected music in ICU: 1) Restoring
consciousness; 2) Maintaining cognition; 3) Humanizing the hospital experience; 4) Providing
source of connection; 5) Improving psychological wellbeing; and 6) Resolving the problems of
silence. Few participants described the use of recorded music for pain or anxiety. People used

recorded music to access music related memories and address complex psychological
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experiences of loneliness, fear, de-situation, confusion, threats to identity and loss of control.
Listening to self-selected music helped people regain their sense of self, their humanity, and to
begin to process their trauma and grief. Additional benefits of listening to recorded music
included experiencing joy, pleasure, hope, resilience, and feelings of normalcy. Participants
identified an aversion to being sedated, preferring to be awake and aware, and music helped
them to achieve this state. This study also highlighted the problems people experienced with
silence and a lack of meaningful stimulation in critical care.

Conclusion: Critically injured adults used music to achieve psychological and cognitive
homeostasis during their ICU hospitalization. These results are encouraging for future studies
designed to explore the use of recorded music to prevent and treat the cognitive and emotional
morbidity of ICU hospitalization.

Key Words: Music, Critical Care, Symptoms, Cognition, Delirium, Humanism, Loneliness,

Consciousness
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Introduction

Over 4 million adults are admitted annually to intensive care units (ICU) in the United
States (US) (1). Advanced respiratory support with mechanical ventilation (MV) is the most
common intervention used in critical care (2). In the US between 20-40% of adults receive MV
during their ICU admission, and global estimates are between 13- 20 million people per year
(1,2). Critically ill and injured adults experience significant symptom burden, reporting high
rates of pain, anxiety, restlessness, dyspnea, confusion, and sleep disorders (3-6). MV is an
independent risk factor for each of these distressing symptoms (7, 8). Medications used to
manage symptoms in ICU are of limited effectiveness and several are associated with significant
side effects including an increased risk of delirium (9-11). Delirium causes significant physical
and emotional distress and may affect recovery, resulting in increased length of MV, longer ICU
stays and cognitive impairment (10, 12-16). Patients in critical care also endorse a series of
troubling psychological symptoms not amenable to pharmacologic interventions, including
extreme loneliness, feelings of dependence, lack of communication, fear and de-situatedness (6,
17-19). Undermanaged psychological symptoms and delirium are, in turn, associated with the
development of long-term psychological and cognitive symptoms including anxiety, depression,
post-traumatic stress, cognitive impairment, functional disability, and decreased quality of life
referred to as post-intensive care syndrome (PICS) (20, 21). Heightened awareness of the risk of
medication side effects, coupled with the imperative to manage distressing symptoms and
improve patient outcomes, has led to increased interest in nonpharmacologic interventions, such
as music, for symptom management in critical care.

Music is the making, invoking, or listening to the arrangement of sound over time,

through the elements of pitch, rhythm, tempo, contour, timbre, loudness, meter, harmony
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(consonance), and melody (22). Seashore, a pioneer of psychology of music, examined the
cognitive, processing, affective nature of, and response to music through a series of controlled
experiments focused on the perception of these elements (23). Missing from Seashore’s studies,
however, was consideration of factors such as an individual’s social context, cultural values,
prior experiences, and music preference. The influence of these factors was later described in
Farnsworth’s treatise The Social Psychology of Music (24). In this work, Farnsworth concludes
that it is personal music preference and degree of familiarity that determine our
psychophysiological responses music. These views are echoed in the writings of Damasio and
Zatorre who, through empiric studies, have shown a relationship between preference, familiarity,
and the psychobiological effects of listening to music, and who have developed theoretical
frameworks to describe the complex social and cognitive neuroscientific phenomenon of music
(25-28).

Listening to music has long been reported to have psychological benefits appearing in
ancient texts as a ‘salve’ and a pathway to improved ability, wellness and strength (29). Well
before the advent of the modern ICU, ancient Greeks healed anxious patients with musical
instruments, they quieted their minds and lulled them to sleep using a lyre, opining that through
music one could attain a harmony of body and soul (30). In the mid-18" century, Brocklesby
performed some of the first scientific studies of the use of music to treat mania and other mental
ailments (31).

When music is used in the clinical setting to achieve a health-related goal such as
symptom management, it is called a music-based intervention (MBI) (32). Recorded music
listening interventions (RMLIs) are a widely requested type of MBI in critical care units and can

be facilitated by nurses without specialized training (33-35). The use of RMLIs to manage pain
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and anxiety appear in several summary recommendations as accessible, acceptable, low risk
interventions to promote safe and effective analgesia and anxiolysis in critical care (14, 32,
36-38).

Prior studies examining the use of RMLIs in critical care and among MV adults suggest
that RMLIs may be effective adjuncts for the treatment of pain and anxiety (39, 40). However,
most clinical trials of RMLI in critical care suffer important limitations threatening their
generalizability. First, despite recommendations to use patient preferred music for symptom
management in critical care (41-46) most studies of RMLI in MV adults use music selected by
investigators or limit patient choice of music to slow tempo Western classical or instrumental
pieces even though jazz, country, pop music, rock and roll, and spiritual music have been
identified by patients as ‘preferred’, ‘relaxing’, and helpful for pain control (47). Lack of
participant diversity is another important limitation in North American studies of RMLI in MV
adults in which 87% of participants identify as white. (48-51). Given the known variations in
music preference and familiarity associated with cultural background, age and context (24, 52,
53), inclusion of a more diverse group of participants may result in a wider range of selected
‘preferred’, ‘familiar’ music. Furthermore, racial and ethnic minority populations experience
more psychological distress during and after critical care hospitalizations than their white
counterparts (18, 54, 55) and may also experience RMLI differently. Examination of the
perspectives of a diverse group of people can help inform the safe and effective use/integration
of RMLI in a culturally diverse critical care population.

Finally, the majority of clinical trials examining the effects of RMLIs in critical care only
explore outcomes of pain and anxiety. However, critical care symptom experience is complex.

These sharply focused studies may overlook upstream causes of pain and anxiety such as fear,
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communication deficits, and sleep disturbances or important symptom experiences such as
dependence and loneliness not normally examined in critical care literature. Emerging evidence
points to both short- and long-term morbidity associated with psychological distress in ICU,
suggesting the need for an agnostic exploration of symptoms for which people use music in
critical care. Soliciting the views of patients who have listened to music during their critical care
hospitalizations through qualitative exploration may reveal a wider range of uses of music
listening. Incorporating patients’ perspectives is essential to the development of effective and
clinically meaningful interventions (56). Therefore, the purpose of this study is to describe
patients’ perceptions of the effects of listening to self-selected music on symptom experience
during MV after critical injury.

Methods

Theoretical Framework

We used Grounded theory methods to answer the research question. Grounded theory
allows a researcher to build a conceptual framework of a social or psychological phenomenon
based on the views, experiences and beliefs of the participants (57). The use of music as a
therapeutic intervention is supported by two important theories, each based in the philosophical
principles of holism: Antonio Damasio’s Theory of Emotion, Feeling and Core Consciousness
(27) and Florence Nightingale’s Theory of Nursing (and the Environment) (58). Holism is a
philosophy that emphasizes the connection between the body and the mind and acknowledges
the inseparable relationship between the two (59). Damasio posits that homeostasis, and
ultimately survival, are dependent on the relationships between physical feelings in the body

proper, emotions developed in the brain, and consciousness, an outcome of the mind. According
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to Damasio, memories, of physical and emotional perceptions, form a complex network of
experiences unique to each individual, or a neural map. Music, a strong auditory stimulus, is
processed in parts of the brain that are responsible for emotional regulation and homeostasis.
Through music, people may access their own memories and be influenced physically and
emotionally after injury and critical illness.

Most famous for her work detailing the interaction between person and environment,
Nightingale also identified music as a powerful sensory stimulus enabling nurses to alter the
environment surrounding a patient while providing individualized care, another important tenet
of nursing. Like Damasio, Nightingale argues that wellness and recovery, are achieved through
conditions which promote harmony of mind, body, and spirit, such as music. Finally, Nightingale
recognized the complex nature of symptoms, arguing against narrow assessments of singular
symptoms, and instead advocating for complete, holistic assessments. As such, Nightingale’s
approach to symptom assessment and management is well suited to inform a rich exploration of
the ways critically ill and injured adults use music during their hospitalizations.

Setting, participants and study design

The setting for this study was a single urban, academic level-1 trauma center and safety
net hospital. Inclusion criteria were: age 18 years old or older; current or recent patient or family
member hospitalized in the surgical or neuroscience ICUs; having experienced MV during the
hospitalization; and having listened to recorded music in the ICU as a patient or having played
recorded music for patients in ICU as a family member. Participants for this convenience sample
were identified and recruited in 3 ways: 1) as part of a concurrent prospective pilot study
examining the use of RMLI during MV; 2) through referral from critical care clinicians who had

played recorded music for their patients or observed their patients listening to recorded music
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during their hospitalization; 3) through census review by one of the investigators (R.M.), who is
also an advanced practice provider in this ICU. Purposive sampling was used to ensure a diverse
sample of respondents and was ongoing until thematic saturation was achieved. Institutional
Review Board approval was obtained from the Committee for Human Research at the University
of California, San Francisco. Confidentiality and anonymity were maintained in accordance with
their requirements.
Use of Recorded Music Listening

Recorded music was sourced and played through a variety of means including web-based
subscription services (e.g., Spotify); streamed radio broadcasts; or from personal devices brought
to the bedside by patients and their families. Unconscious patients listened to music through
portable speakers placed near their hospital beds. Conscious patients used portable speakers or
headphones depending on their preference. In general, families made music selections for
unconscious patients. Once patients regained consciousness, they made their own selections.
There were no restrictions placed on the genre, tempo, mood, rhythm, or lyrics of the music
selections. Patients were allowed to listen to music at any time of day and for any length of time.
Data Collection and Analysis

Recruitment and data collection began in August 2020 and ended in November 2021. The
primary source of data was a series of semi-structured interviews conducted by the principal
researcher (RM). An interview guide was developed for the study (Appendix 1) and was adapted
throughout the study period according to participant responses. All but 2 interviews were
recorded and transcribed verbatim (RM); one participant declined to be recorded, and another
pair of informants were only available to speak over the telephone. Interview transcripts were

then rechecked against recordings to ensure accuracy. Detailed notes were taken during the two
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unrecorded interviews, and summaries were shared with participants at the close of each
interview as a form of member checking, and to clarify concepts. In addition to the interviews,
field notes were collected by the principal researcher (RM) throughout the study period including
quotes and observations made by clinicians, patients, and families.

All interview transcripts and interview summaries were entered into Atlas.ti 9.1, along
with field notes made by the principal researcher (RM) during the study period. Data collection
and analysis including memo writing and constant comparison was concurrent throughout the
study period, as is consistent with grounded theory methodology (57). Word-by-word and
line-by-line open coding of all transcripts, field notes and memos was performed by a single
researcher (RM). Open coding was centered on actions (over nouns) to maintain context and rich
description. Next, focused codes were created (Appendix 2) from the open codes and through
overall impressions of the data. All transcripts were read and re-read by the co-investigators (HL,
JHE, TB) who then validated the focused codes and assisted with axial coding through
discussion of agreed on emerging categories and relationships between emerging themes. As
themes were explored, transcripts and notes were again reviewed by the research team and
analyzed for exemplars of the emerging themes and divergent cases, staying vigilant to distinct
voices and contrary experiences. Individuality was maintained through illustrative quotes and
exemplars. The analysis was deemed complete, once thematic saturation was reached, and
categories and subthemes were organized into a coherent whole.

Throughout this process of reflection, co-investigators wrote memos and used journals to
make note of their own perspectives on the stories they heard and the situations they observed, in
order to remain aware of prior points of view and how this may be changing or influencing

coding and interpretations. Memos, including observations, ideas connected to observations,
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related thoughts and connections between ideas, data, codes and constructs were kept and
included in the analysis. All data including audio recordings, transcripts, notes, memos, codes,
early frameworks, and journal entries was saved. Member-checking (e.g., study participants) was
ongoing throughout the research including during interviews in order to both sharpen
understanding and allow for member corrections. As well, analyses and results were shared with

key informants, members of the community and through peer review with critical care clinicians.

Results

Fourteen semi-structured interviews were conducted with 16 informants during the study
period (Table 3.1). Interviews were conducted in person (n=12), over the phone (n=1) or via
video conference (n=1). Interviews were approximately 40 minutes in length (7:45- 61:21
min:sec). Interview informants were a combination of patient-participants (n=7), family
members of patient-participants (n=4), or both (n=4). Patient-participants were an average 36
years old (22-64). Twelve were hospitalized after sustaining critical polytrauma, including 7 who
also had traumatic brain injury (TBI), and 2 people were admitted after a stroke. Four patient-
participants identified as Asian, 2 as Black/African American, 2 as LatinX and 6 as
white/European. All of the patient-participants were male; however, most family-participants
were female. All but one subject spoke English, and for that interview a certified interpreter was
used for translation into Spanish. Thirteen interviews were conducted during the hospitalization,
either at the bedside in the ICU or in private rooms on the medical surgical floor. One interview
was conducted 7 months after admission. In addition to the semi-structured interviews, the

primary investigator (RM) documented statements and observations about the use of recorded
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music in critical care made by other key informants such as patients, families, and staff.
(Appendix 3.3).
Music selections

Overall participants expressed enthusiasm and gratitude for the offer of and use of music
during their ICU hospitalizations. Selections were made by family members (n=7), patients
(n=4) and a combination of family and patients (n = 3). Music selections varied widely across the
group and within the participants. Though not formally catalogued, examples of several of the
music selections are presented in Table 3.2.
Themes

Six themes emerged describing the ways participants felt listening to recorded music
affected their hospital and symptom experiences (Table 3.3). Participants described that listening
to recorded music: 1) Restored their consciousness; 2) Maintained their cognition; 3) Humanized
their hospital experience; 4) Provided a source of connection; 5) Improved their psychological
wellbeing; and 6) Resolved the problems of silence.
Restoring Consciousness

Both patient-participants and their family members described the use of music listening
to restore consciousness after anesthesia, traumatic brain injury, sedation, delirium, and stroke.
Music served as a trigger to awaken an otherwise quiet, unconscious mind.

...it definitely brought me out of that little coma or the little sleep I was in.

Like it just shook me and was like ‘Hey Buddy’... ‘Now’s your time’... ‘You're

up! You're here. You made it!” ... it was ... waking me up it was bringing me

home. And | felt I was far away. (P7).

Others felt that music was encouraging them back to awakeness. One participant explained, /¢’s

like music it’s telling you “Hey, you belong in this world, don’t drift away to somewhere else”.
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Like ‘specially people in coma. Like “don’t drift away to coma”. Like ‘you belong here. You
need to wake up . Eventually.’ (P5)

Patient-participants wanted to be conscious. For many being conscious was a way to
reassure people of their survival, and many felt that listening to music helped them accomplish
this. I remember thinking | really wanted to wake up... I would like to think it brought me, uh,
brought me back...music saved my life’ (P11). This perspective was echoed by many who saw
listening to familiar music as a way to ‘bring you back’ after coma, to ‘stimulate the brain, wake
them [sic] up’ (P10). Participants explained that listening to music stimulated the recall of their
memories. ‘Yeah- all your memories just come flooding back in, with those brain cells and
music’ (P7). The memories associated with music served as a a ‘trigger’ that helped to
‘jumpstart’ patients’ consciousness.

But to me | guess...it just kinda sparks...umm...sparks some...mind...creativity?
Mind...not control but some type of state where you 're reminded of what your life was
like, or what your life is. 7 would like to think it...made me wake up...

Family members also chose music associated with their loved ones’ life memories, with an aim
to help restore consciousness through music-induced memories.
we had these memories with my dad...you know these songs either played [or were]
playing the background... I think we were all just hoping that ... those, you know those
musics , would trigger memories for him- the same memories that we have with him, and
... just kind of getting him to come back to us...I think that’s that’s what we were really
hoping for and saw (FP1)
Familiar music was, for many, an accessible sensory lifeline, a meaningful stimulus which
people could ‘grab hold of and use’ to pull themselves out of a fog’ into a more conscious,

awake and aware state. One man explained,

‘...it definitely..pulled me out of my like submission because I was just I just wanted to
sleep and be done with it and ... hearing the music it was like waking me up because it
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was familiar and it was something that I know and I love’ ... because I was in such a, a
11 aflimsy state that when I heard that music, I was just like ‘I'm here, I'm alive’, and
| was fighting to get back to being awake and conscious (P7).

Clinicians and family members also observed more wakeful states and signs of improving

consciousness associated with listening to music including seeing patients who had been

comatose smile, bob their heads to music, and tap their feet. In one instance a previously

non-interactive patient scowled at the staff when they removed the tablet used for playing music,

and followed them out of the room with her eyes, staring at them until they replaced the device.

One family member described the moment when she saw the first signs of her father’s

emergence from coma,

...one of the days when I went to visit my dad, [l was] just having conversations with him
... recalling my wedding and about how ... we danced at my wedding and this song
played and asking him whether he remembered and at that time ...he was, limited in his
communication to just head nodding but I could see him... there was something in his
eyes that sparked something and you know with him nodding his head too, it’s like OK
he’s coming back he’s coming back and | really do think that, you know, hearing some of
the music did help. (FP1)

Maintaining cognition

Listening to music was seen by many as an accesible form of cognitive stimulus even

during a coma. One family described how they hoped to engage their loved one’s brain and

stimulate thought processing while recovering from a stroke by playing familiar music.

to hear something that’s familiar... that will trigger their memories of something as their
body is recovering from whatever trauma that they re going through....... memories of
growing up maybe trigger something in his brain or something maybe hearing it
...Maybe certain songs will trigger memories of, you know, ‘oh where was I at that
moment when I heard this song, you know? ‘what was I doing’ or ‘who was I with’? And
maybe that will help trigger things, you know, like when he hears different songs that
that’s being played (FP9)

Memories triggered by listening to music served as both as a starting point, to initiate

awakening, and as a guide by which to traverse from coma and confusion to alertness. One man
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explained, ‘a familiar song can take a person from a place of extreme confusion and
unfamiliarity to a safer, kind, happy and ultimately familiar place’.

The use of sedatives was disorienting for many and left them feeling confused and
scared. Some used familiar music as a shepherd to navigate through this challenging experience.
For one partcipant, the experience of sedation was frightening, ‘the world and your, everything
else you know is kinda flipped upside down...it can be quite kinda scary...I seemed to be in my
purgatory a little bit... . But music helped him to move through it safely. ‘I really wanted to be
able to put some music on...to push me into... exiting ...that space, or that k-hole, or whatever it
was, in a positive way, you know, rather than being- rather than being scared.’ (P12). Others,
who experienced hallucinations and delirium, used music listening to make sense of their
surroundings, and ground their perceptions in reality. For example, one person described their
hallucinations as ‘less jarring’ when the music was playing.

Participants also reported preserved cognition through the use of music listening. One
participant explained, ‘Like I have, I have a clear mind, I don’t know if that’s due to the music or
not, but like when I first wake up, uh...I am confused a little bit but, like at least I know what’s
going on..." (P5). These cognitive outcomes were noticed by family as well. One woman
described her father’s improvement after a stroke:

The difference that | saw in him, was his cognitive engagement. ...It’s one thing that we

were there holding his hand, but seeing something you know spark in his eyes, and him

kind of raising his eyebrows, like...he KNEW something... especially at that time
when...sometimes it was hard to know whether he was there- to see him get engaged and
you know cognitively wake up a little bit, I think that’s that’s what I saw (F1)

This observation was echoed by other friends and family who marveled at a loved ones’

cognitive abilities after TBI.

&9



I’ve been just blown away by his cognitive... function. Like, it’s just- he’s, he’s- it’s

completely not noticeable! But like that seems crazy to me, that he got hit his head so

hard and there was bleeding in his brain, right, and all that and he’s just...I mean, 1

know he’s very resilient, but that’s just, that’s part, that’s just blown my mind (F11)

One mother observed about her adult son that his level of conversation and ability to
construct careful arguments was surprising despite having a TBI, and attributed this to having
listened to msuic ‘Four days after a traumatic brain injury... that trait has, has come through
again....he didn’t lose that with this horrible accident. That’s the thing that’s absolutely
phenomenal. To hear him talk like this. (F14)

Humanizing the hospital experience

Patient-participants, family members and staff all saw the use of recorded music as a way
to humanize the ICU experience by restoring important facets of humanity such as personhood,
identity, personal history, control, independence and addressing a mechanized environment.
Music reinserted personhood into the clinical space. Playing recorded music for patients helped
to remind clinicians that patients were human beings, pushing staff to see past their diagnoses
and the mechanistic environment surrounding them. One nurse explained, ‘Patients are people-
music adds to that... we get very disease focused, see trauma, see disease, this [music] shows
people [for who they are]’. One resident physician offered that hearing music in a patient’s room
‘humanizes him to me’. And one man recovering from critical poly-trauma explained that prior to
the offer of music, all of the human contact he experienced had been disease and injury oriented.
When staff offered to play music, he finally felt they were seeing and treating him as a person.
Similarly, playing recorded music for her father helped one woman assert ‘that he wasn'’t just a

patient, he was someone who... was HIM... and that they re all these pieces to him that are

important’ (F1).
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Patient-participants described music selections as closely aligned with their identity.
Despite residual deficits after a serious TBI, one young man was immediate in his selection of a
preferred song, using it to get his ‘groove back’, to feel more like himself or ‘at base’. He
explained that ‘music has a.... property that is .... very ... Specific to ... your identity (15)’.
Music was usually chosen by families, but in one example, a group of clinicians of similar age
and background to a young, comatose man suggested a playlist after looking at photographs of
their patient brought in by his family. The song choices delighted his family, who felt the staff
had seen their brother for who he was, and identified with him. They laughed as clinicians and
staff danced along to the [sometimes] explicit lyrics. Later they explained that asserting identity
through personalized music was a form of advocay. Hopefully, if he hears it he knows that ...
people are thinking of him... because [the music] is so individualized to his personality, what he
likes, you know he knows that, ‘Oh, you know, maybe someone vouched for me’’(F9).

Through the memories attached to music, people were reminded of who they were before
their hospitalizations.

when you ask me what kind of music do you like?- that gave me a chance to remember
the good times, ... the relationship with the prints of my heart. | remember the good
times, the good times in my life when | was listening to the music ...yes, yes it's made me
think... it made me relax ...the memories...I appreciate- that you givin’ me that. (P17)

Others described the feeling of being ‘brought back’ to themselves with music after life
changing trauma. ‘It was just like more of just bringing [name withheld] back to [name
withheld]. Yeah ... it definitely just brought me back to.. ME and MY ROOTS...how I believe and
how I see MY music and my positivity.” (P7).

Not all memories invoked through music were positive, ‘Its always, its always going to

take you back ...to a place that you know ... it’s like a fast track to all of the emotions that link to
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that music and the experiences that you have to those songs. So all of the good times and the bad
times’ (P12). These potent facets of identity were cherished nonetheless. ‘Familiar music is like
an old friend. Sometimes they 're good sometimes they re bad... but whatever it is it’s yours.’
(P5).

Alongside indivual memories, people associated music with their family identity. This
was reflected in the choice of music by both families, and patients. People desribed their music
choices as symbolic of their ‘childhood’, or memories associated with their parents, siblings, and
grandparents. Others were reminded through music of their neighborhoods or places of origin
through music. ‘It was my mom, my dad and also my hood, like, in the streets. We would always
have a speaker playing...youd go outside with music, and go inside- my neighbor’s playing
music’ (P8).

Threats to identity left one man feeling that death was near; for him, selecting music
steeped in family history was a natural choice. ‘I felt like I was on like my ancestral plan, like |
felt like my body and spirit were in two different areas. So when you asked me, | was already
with my grandfather and I was already standing next to my brother.” (P7)

In addition to reasserting personhood through identity, music helped patients to feel more
normal. Several participants described music as an essential facet of their every day life. ‘Music
is something that is always been really, it's been my way of living, it's the way I live’ (P§8). Some
asserted that music was a ‘need’. ‘I think, like that no matter what you do... music it’s something
that’s so important in your life that you always need.’ (P5).

Facing life threatening events, and cast into chaotic settings patient participants used
music to normalize their environment. One family member explained, ‘It was introducing, not

normalcy, if you will, because this was just ....a horrendous event, and I think introducing music
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that you 're familiar with, or even not, but just music...would bring more... normalacy,
normalacy to the whole environment. And I think ... you needed that.” (MP14). Restoring some
feeling of normalcy helped people resituate. ‘I've listened to the same songs like millions and
millions of times in different situations, so it just, it's something that is just so familiar to me and
... it helped me just normalize what was going around me.’ (P8). This view was shared by others
who used music to regain a sense of normalcy in an unfamiliar environment.

At least play some music, for people that just woke up you know like they can, they can

relate to something at least and they can at least feel normal. Like me, the biggest

challenge was, after the accident, I don’t feel normal again. And I would- after-... when I

am listening to music at night when I'm sleep- like trying to go to bed, | feel normal. |

feel like I'm I'm in my bed, in my home bed! You know like I'm just listening to the
music, relaxing and trying to go to sleep. Instead of like hey like it’s a room like [ am
trying to leave you... (P5)

Mechanistic sounds were a constant reminder of the trauma experienced by this group,
threating their humanity. Several described feeling re-traumatized by alarms and oppressed by
the unatural sounds of humidifiers, pumps, and machines. One participant used music to distract
himself from the tube feeding pump which he found upsetting.

The nurses are giving you medicine, through your nose- you can, you can hear the- you

can hear the machines are feeding you through your nose...that’s just disgusting. That’s

why | told them so many times, I don’t want the feeding tube.... I don’t want ...the feeding
pump. I told them so many times, I don’t want it. Like all you can hear is the feeding tube.

You can hear and you can feel that something is pumping into your stomach. It’s just

disgusting. You don’t know what’s been pumping into your body’ (P5)

Normalcy achieved through music helped people begin to heal from their injuries and
emotional pain. I felt like I had to have a certain sound in order to be able to get over certain

traumas or even get over this accident. | felt like music uplifted me...it brought me back. | feel

like music brought me back to me feeling normal.’ (P8)
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Loss of control was another threat to the humanity of patients in the ICU. Choosing and

playing music softened this experience. As one young man explained, music ‘made me feel little

bit safer being being able to listen to the sounds that I can control’ (P8). Similarly, one woman

hoped music would ease her husband’s loss of independence in ICU. ‘He has been in control his

whole life and the frustrating thing is that he can not move around ... can’t talk... and that’s

where this music stuff comes in’ (FP3). Some recalled bad memories of being restrained in the

ICU. One man wished for music to help distract him from this ultimate loss of control. He

explained,

That’s a really really bad feeling. You know like when you first wake up from ICU and ...
like you 're tied down, you 're confused- like you 're just there 24 hours a day- it’s a very
bad feeling....it feels like- it’s worse than prison....like your body’s hurting... But, you
know, something else like music to distract you would be a better option...instead of, you
know, getting restrained, and like just hating it. (P5)

Choosing and listenig to music also presented an opportunity for participants to assert

some control and independence. One young man with a traumatic amputation explained,

you're not in control of anything when you're at the hospital....everything is your doctor,
your nurses.... everyone is telling you what to do, so I feel like it would help to have
something that you could do on your own that you, you know, like, that you have
complete control over, so that would be the music. Like, | would want to be able to listen
to my own music, on my own time, when [ want...that's, like, something that I could do. 1
could do it. Like, you know, I might not be able to walk, I might not be able to see...but
I'm able to change the song. I'm able to choose a song you know. Music, makes you feel a
little bit like not every- I'm not being controlled by by by this aspect, you know, because
at the hospital I feel like everything is very controlled. The way we eat- the time limits,
everything is, like, everything is a schedule. (P8)

Regaining some control through the use of music also helped people assert themselves.

| feel like music..helps me just remember myself that I'm still independent. I'm still my own

person. I could still make my own decisions. I could still play my own song’. (P8)
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Providing a source of connection

In addition to feeling dehumanizined, patients in this cohort experienced fear, loneliness,
and lack of social connectedness. Listening to music facilitated connection for patients to their
families, their environment and their personal histories. As explained by one man ‘my
grandfather used to say that human beings are social creatures, and we can communicate
through music and I firmly believe that’ (P10).

Listening to music gave people a way to connect to their families when restricted visiting
policies kept them apart. ‘My family can’t be around me in the room sharing with the love. So I
felt the love through the music because of that connection that | made with the music.” (P7).
Listening to music invoked memories of life outside the hospital, including times when people
listened to music together. This was expressed by several family members who hoped the music
would lessen the loneliness of hospitalization One explained,

the idea of... your friend being alone in a hospital seems pretty horrible, so just the idea

of any music in there-The idea of him just being in a hospital room by himself...alone. It

sounds horrible. It’s like very lonely too. And so the fact that there was music definitely
made it seem nicer (F11).

Several participants complained of the feeling of time standing still, a psychic doldrum
which exacerbated feelings of loneliness and separation. Listening to music helped to moderate

this experience

... some people don’t have their families here and you re just looking at the time, you're
just looking at clock all the time waiting and seeing time pass by and you feel alone. Yes
music helps. Music helps because you don’t feel alone (P2).

For another man, missing his family, listening to music was ‘kinda a little bit of a
connection to home’ (P11). Others compared the benefits of music directly to those of a visitor,

‘Having a visitor is the like music- let’s your mind wander to someplace else... helps you.. get

95



through the day’ (P10). Listening to music was akin to ‘hearing another voice’ for one young
man, a form of socializing. He explained, ‘the chord progressions speak to you'.

Patients were in search of connection, something to ‘grab hold of* psychologically and
cognitively. Listening to music provided a means for people to connect with their environment
and circumstances despite being intubated and unable to speak.

| think that it should be a like a family question, like what type of music do you guys listen

to because it does help you connect when you can’t say nothing, your mind is still

processing these items and and attaching music to your happy moments in life you know

(P7)

One man suggested that music could even serve as a form of connection to people in
coma, “they tell you to talk to them, touch them. Because they want that connection. So I think
music can provide that connection for them’ (P5). Hearing familiar music also helped people to
feel cared for by, and connected to, the clinicians looking after them. One man explained that
hearing familiar music ‘might help me think that you know like I'm belong...I'm belong to, you
know, like, belong to this nurse... like not belong to somewhere else... like belong to...here’.
(P5).

Critically, familiar, personal music helped people connect with themselves.

cuz we coulda easily put some hip hop on, and just drowned the noise out. But for me it

was more like, I wanted, | wanted something to connect with and to empower me and |

know that you know I'm ALIVE and being alive I felt closer to my grandfather, closer t0
my brother... (P7)
Improving psychological wellbeing

Participants described the use of music listening to address several aspects of their

psychological wellbeing during their ICU admissions including: taking their mind off their

problems, managing intrusive thoughts, processing emotions, accessing resilience, and

experiencing hope and pleasure.
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Several people requested music during periods of extreme distress (anxiety,
breathlessness, frustration). For some, the choice of music was not important. Several
participants suffering intense agitation or anxiety asked for staff to play ‘anything’, claiming ‘it
don’t matter’. People who had been trying to climb out of bed for hours relaxed almost
immediately once music was started in their rooms. One young man nodded vigorously when
clinicans asked ‘should we restart the music’ after he started to cough and sit up in bed despite
high dose sedation. Later, some explained that listening to music had helped them by giving
them something other than their suffering to focus on. One person said, ‘I think I was looking
for, like, a distraction? ... so it's like something to pay attention to, other than my own pain or
whatnot (P14). For some, music was a ‘mental escape’ from being trapped in a hospital.
Participants explained that music ‘eases’ and ‘soothes’ by ‘replacing [sic] all the things that you
have in mind”. This view was endorsed by a young father who had sustained a life threatening
injury.

‘Strapped to the bed, tubes everywhere- and it [music] just made me feel like nothin’,
none of that was important you know? The music was just playing and soothing me and it just
made me not think about all my all my other problems I had right at that moment’. (P7)

Most of the people in this group suffered the progression of time. As time stood still,
people felt worse emotionally. ‘Time was just, like, time was dragging on. Pain was higher. |
was, like, just in a worse mood, more depressed’ (P12). Listening to music gave them something
else to focus on. One participant explained,

the feeling of the progression of time. ...like [the] hallucination loops or whatever,
[were] very unpleasant. | was just playing a game where | would get points by
breathing... I knew I couldn’t fall asleep and so [ was just waiting to get better pretty
much... and come off the ventilator and so...1'd like... 'breathe, breathe, breathe’... and
every time ... I'd just have this... mental...little video game that I'm playing where I just
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get points by surviving...I think the music provides like an alternative way of...focusing
on, like I could just do, I could just breathe and I wouldn’t have to worry about having to,
like...meticulously keep track of how many times I’d breathed. (P14)

Unfamiliar environments and uncertainty about the future left many feeling scared.
Listening to music helped one man ‘feel a way that I wanted to feel that was, like, safe.’ (P8).
Many reported using music to manage intrusive thoughts. One man explained that music ‘put[s]
people...in more of a meditative state which isn’t a bad place to be rather than... flashing
through whatever trauma they 've been through’. (P12). One man used music to get relief from
thoughts of his accident. For him, music ‘fook away the accident, ...it took away my hundred
percent of seeing everything back to back to back.’ He explained, ‘it relax my mind. Cuz’ my
whole, my whole mind was thinking about the pain and my trauma... When that thing played it
took my pain, it took my pain and ‘cuz it shifted my whole position from the, from the
accident....So that helped me, that helped me.’ (P17)

Flashbacks interfered with sleep for many, but listening to music helped participants to
get rest. “‘when [ was listenin’ to the music - put my mind at ease- and | went to sleep listening to
the music ... | went to sleep- even for a long time in my sleep I was listening’ (P17).

Several of the participants in this cohort experienced significant loss associated with their
hospitalizations. Listening to music facilitated emotional processing of their experiences,
allowing them to begin to heal psychologically. For some, listening to music was a comfort
during a time of grief.

Like let's say, like, you know, my accident. You know, there's pain...that pain is... coming
from... why it happened to me, losing a leg. You know so it's painful. It’s painful. It's very,
very painful to know that my life is gonna change drastically and | didn't want it to
change drastically. Its like music ... it's giving me a hug.(P8)
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Others described the use of music to stimulate tears. ‘Like, when you listen to a sad sad
music, like you would want to cry, the tears sometimes come by itself, right?” Emotions conjured
by music gave some people a way to express their sadness. One young man explained,

There is a song called Insha Allah.... When | was in ICU if you guys had played that
music ...I would probably feel a lot better... Yeah especially Muslims... when they listen
to this song...like when they are in ICU and all alone, like 90% of them will probably cry.
You know it’s, it’s a song that really touches your heart. And it let goes of a lot of anxiety,
it let goes of a lot of stress (P5).

For those who were unable to talk about the troubles they were facing, listening to music

was a way to start to process grief. Two friends described the first moments they spent together
inthe ICU, ‘we just sat there and listened to music together... We didn’t know what else to talk
about. So, we just listened’ (P11). Others experienced a numbness after their injuries. One man
described how hearing music facilitated feeling again, allowing him to re-engage with his
psychological experience of trauma and access his own resilience.

| think it changed how I felt about myself in that moment. I, I was like | said- when | was

on the operating table and I came in the ER, I felt I gave up already, I didn’t think [ was

going to come out of it ...1 still didn’t process anything like, it was still very much numb
and blank and ....when I started to process my own thoughts and and my own feelings it
was when the music came on because it was it was attached to me and it was what |
wanted. (P7)

In addition to quieting instrusive thoughts, and comforting the griefstruck, listening to
music gave people hope and enjoyment. Hearing music reassured patients that no matter the
physical outcome of their trauma, they would still find pleasure in life. “... as soon as you know
that your ears are working, you know whatever physical thing you're going to be left in, you 're
gonna be at least, you know, enough to still enjoy what you love’ (P12). Even in the ICU people
described music as filling their ‘hearts with happiness’. Family members observed that music

‘brightens up the space’; they hoped that playing and listening to music would bring joy to their

loved ones. And it did. One man explained that while his days in the ICU were ‘the worst days of
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his [sic] life’- he ‘did remember... enjoying the music’. Others endorsed that listening to music
gave them something ‘fun to think about’. For some people, music brought ‘inner peace’.
To hear something familiar gave me something to look forward to when I was already at
the end of my chain. Like I, I had already accepted that I was dead and I didn’t think 1
was going to wake up ... but then | knew that there was ONE thing that was familiar ...
and | was just like YES, thank G-D, that’s my song right there! (P7)
Resolving the problems of silence
Silence was seen as problematic by most participants and their families. Without sensory
stimulus, people worried that their loved ones would not be able to connect to their environment
and would be stuck without a means to emerge from unconsciousness. One mother of a
semi-comatose young man observed: ‘he is just sitting here in a blank room, you can’t just be in
a blank room, that isn’t healthy - [there’s] nothing to come back to’

Silence was seen as a form of abandonment to those experiencing coma. One patient explained:

| think, like a lot of people in coma, people just left them there, you know? Like people
just left them in silence. They shouldn’t do that. Talk to them, touch them, you know, let
them feel. Even if they don'’t feel anything, like play some music at least. Like let them
know that, hey we re calling you...We 're calling you from here. Uh, you need to come
back. Yeah, I think people appreciate that... a lot. (P5)

Silence was associated with restraint, described as something to endure.

| really wish that when | first wake up in the ICU, like when | was confused and you know
like the nurses has to restrain my hand for a little bit... I really wished somebody had
played some music for me instead of just lying down there like you know in silence...
when I was in the ICU my hands were restrained and I was lying in silence and that’s not
a good feeling. (P5)

Other family members observed heightened fear response in their loved ones in silent, quiet
rooms. ‘It was so silent that everytime someone bumped a table or something... [it was]

starling.... His eyes would get wide...why is it so silent’? One patient used music to moderate the

100



sudden sounds of doors opening, monitors beeping, each which triggered intrusive thoughts of
the trauma he endured. “...it helped me come up from- a little noises at first- because | was
thinking and thinking- why me, why me all that time’ (P17).

Silence was also associated with depressed mood and dampened hope. One pair of sisters
noticed a more ‘upbeat’ staff and joyful ambiance when music was playing as compared to the
sterile mood experienced in a silent room. They wondered if this change in atmosphere might not
help encourage their brother to recover.

Uh, you know it’s just so like quiet here ...[the music makes it]... seem a little more
upbeat and not so quiet... [it] feels a little bit more lighter, given the-the serious
situation....it is a very serious situation, but if people are more positive, and if their tone
could be a little more positive maybe that will also help him...their tone seems a little bit
more healthier so maybe-like- he might feed off of that or he might feel it (FP9)

People worried that their loved ones would feel disoriented in silence, adding that hearing music
upon awakening may help a person to re-situate.
| think just not hearing silence or just not hearing maybe unfamiliar sounds, if you know,
because he wakes up, he might not be like aware because he’s not opening his eyes, you
know? but just hearing familiar sounds I think might might bring something some kind of
comfort to him if - you know -and during this time unsure when he might be unsure of
where he’s at (FP9)
Discussion
This study provides important insight into the potential benefit of recorded music
listening in critical care by identifying six previously undescribed uses of music listening in
critical care: restoring consciousness, maintaining cognition, humanizing the hospital experience;
providing a source of connection, improving psychological wellbeing and to resolving the

problem of silence. Social and demographic patient information and music selections varied

widely in this study, however the perceptions of the benefits of recorded music listening were
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consistent. Overall, listening to recorded music helped participants to achieve psychological and
cognitive homeostasis across a spectrum of arousal and emotional states. On the one hand, music
stimulated consciousness and awakening, on the other, music lulled an overactive mind.
Listening to music facilitated emotional processing for people experiencing numbness, but also
distracted those burdened by fear and flashbacks.

Memories associated with music served as a stimulus for consciousness and cognition,
but also facilitated psychological wellbeing during ICU hospitalization. Music-related memories
contribute to autobiographical memory helping us to make sense of our environment, and to
construct a feeling of identity and continuity (25, 28). In our study, a diverse group of
participants used music to regain control, assert their identity, and reconnect with their
environment. Playing and listening to patient-selected recorded music gave people a chance to be
seen and accepted by the health care team as individuals, strengthening the relationships between
patients and clinicians. Descriptions of these phenomena add to understandings that explain the
mechanism of action of music listening for symptom management in critical care.

Music Listening for Psychological Symptoms

Few participants described the use of music listening for management of pain or anxiety.
Instead, results of this study indicate that the potential uses of music listening are much broader
and include important symptoms for which there are few treatments available, specifically to
address psychological pain. Alone with their thoughts, many participants experienced
hallucination, fear and flashbacks. While some participants agreed that music helped them to feel
more ‘relaxed’, the mechanism for this was cognitive, through distraction. Preferred music was
able to hold their attention, replacing the negative thoughts which had previously overwhelmed

them. Relief from a racing mind also enabled some to get sleep and may explain improved sleep
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experiences associated with music interventions in critically unwell adults (60). In other
instances, listening to music gave traumatized participants a tool to process their emotions, a
critical step in managing PTSD (61), common among ICU survivors.

Consistent with prior studies, patients in this group also experienced loneliness,
de-humanization, dependence, and loss of control (6, 18, 19). Listening to recorded music helped
people to endure these physical and psychological restraints. Feelings of powerlessness and loss
of independence are threats to resilience, a predictor of PICS (62). Participants asserted control
of their environment and thoughts when making music selections that made them feel normal
and capable. Critically, being able to play personally selected recorded music helped participants
to be ‘seen’ by clinicians and feel respected. Despite research asserting the value of family
presence to prevent delirium (63), strict visitation policies limit patients’ contact with their
families, leaving them few options to engage in meaningful social contact. In our study, when
listening to music, participants summoned their social lives through reminders of their living
family members, ancestors, social events, and day-to-day habits. Many ICU survivors suffer
from depressed mood, and sadness is a commonly reported symptom during ICU hospitalization.
We found that, in addition to mitigating emotional pain, listening to recorded music may also
augment positive feelings such as pleasure, joy and hope, and facilitate coping. Participants in
our study reported that when listening to music they were reminded of happy times and felt
motivated to survive. While there are no validated measures for many of these symptoms,
aggregate instruments such as the Intensive Care Psychological Assessment Tool (IPAT) (64)
and the Profile of Mood States (POMS) (65) may serve as proxy measures for future studies of

RMLI designed to prevent and treat psychological distress in critical care.
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Music Listening for Cognitive Stimulation

Prior works exploring the use of music in critical care have examined the use of music
listening as a sedative. Rather than sedate, music listening helped unconscious participants in this
group to wake up. This phenomenon aligns with recent research demonstrating improved level of
consciousness after music intervention among people experiencing coma (66, 67) and TBI (68).
Our findings are some of the first to describe the subjective value of consciousness for patients
experiencing critical care hospitalization. In our study, people fought to regain consciousness,
preferring an awake state to a sedated one where they had little control over their thoughts,
bodies, and environment. Once awake and conscious, participants used music to process their
trauma, situate, take control and to connect.

Findings from this study also contribute to research that explains the mechanism of action
of music listening for symptom management in critical care. People in our study described music
as a ‘trigger’, a recognizable stimulus to their consciousness. This is consistent with studies that
show listening to music engages a vast bi-hemispheric network related to attention, semantic
processing, memory, sensori-motor and emotion (25, 28). For example, the dorsal medial pre-
frontal cortex is activated while listening to familiar songs. This phenomenon has also been
observed in comatose adults who, after listening to music, showed increased evidence of
semantic recognition on functional MRI after listening to familiar music (69).

Participants also attributed their cognitive agility to the use of music listening in our
study. Listening to music, even during coma, may enhance cognitive recovery by keeping brains
cells ‘in use’, a critical component of neurogenesis (70). Data demonstrate that the plasticity of
the central nervous system may benefit from a rich stimulation regimen (71, 72). In fact,

improved cognitive functioning has been associated with the use of music and music therapy
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after brain injury (73, 74). In order to be of benefit for neuro cognitive rehabilitation, some
argue that sensory stimulation must be organized, (e.g., music), and caution against sensory
bombardment (e.g., alarms, mechanistic sounds) (75). While much has been written about the
risks of noise in ICU, few have examined the risks of silence, isolation, and sensory deprivation
in critical care. Sensory deprivation is a known risk factor for delirium in ICU (76) and is also
associated with diminished brain plasticity (77). Sensory deprivation is also associated with
isolation after TBI and may compound the negative effects of injury (77). Current clinical
models of critical care favor sensory regulation limits, but purposeful sensory stimulation may be
better for brain health (71). Listening to music, even during coma, may be enough to engage a
mind otherwise threatened by lack of stimulation, ultimately preventing delirium. Listening to
music also helped people to manage the confusion of hallucinations and disorientation associated
with sedatives, traumatic brain injury and delirium. Participants in this group described feelings
of abandonment and restraint associated with silence exacerbating the stress of their
hospitalizations. Here too, playing music moderated these experiences. Stuck in an isolated,
mechanistic environment, participants used music to pass time while connecting with their
identity through memories invoked by the music.
Limitations

There are several limitations to this study. First, all patient-participants in this study
identified as men. Interviewing a more gender diverse group may confer new insights into the
symptom experience and use of music during critical illness. Notably, several of the other
informants in this study were women, whose views were consistent with the interviewed
patient-participants. Similarly, all participants in this study were admitted to a single, urban

trauma center. Since the culture of critical care units varies, including perspectives from people
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in other centers would add to the understandings developed here. Finally, this study was
conducted during a period of severely restricted visitation and societal stress related to the
Covid-19 pandemic which may have heightened the experience of isolation, and loneliness
described by the respondents. However, both problems have long been reported in critical care,
and the insights gained through this research are likely to be of help to many whose loved ones
are not able to be with them for other reasons.
Conclusion

We believe this is the first study to describe the use of recorded music listening to
manage the psychological symptom experience of ICU hospitalization. Our results suggest that
music interventions may have an effect on cognition, confusion, intrusive thoughts, sleep, fear,
loneliness, helplessness, and loss of control. Participants used music listening to take control of
their thoughts, their bodies, and their environment. While the symptom experience was diverse in
this group, common amongst all was a desire to achieve cognitive and psychological
homeostasis. These findings add to the growing understandings of the mechanism of action of
music as a meaningful cognitive stimulus and help to develop a framework for understanding
how music works to help people recover from critical illness. Delivery of recorded music is an
equitable, patient-centered intervention that can easily be tailored to individual needs. Given the
prevalence of long-term cognitive and psychological morbidity experienced by ICU survivors,
recorded music interventions designed to treat psychological distress are likely to be of great

benefit.

106



Appendix 3.1: Interview Guide
1. Tell me how you came to choose the music we’re playing for [insert loved one’s name]?
2. Describe some of the times [insert participant’s name] listens to or play music at home? In
life?
(Probe: describe some different scenarios when they listen to, play, or use music in their lives.
Probe: describe their relationship with music
Probes: do they play an instrument/DJ, do they work with music or study it?)
3. How would you describe the music you chose?
4. What do you think is going through [insert loved one’s name]’s mind right now?
5. What sort of symptoms or feelings do you think [insert name] is experiencing?
Probe: do you think they are uncomfortable?
6. How do you think this music will affect [insert name]? Physically, emotionally?
7. And how do you think music works on people?
8. How does the music experience change between the hospital and home?
9. How has music influenced your views of this hospitalization?
10. How, if at all, has having a music choice influenced your views of this hospitalization?
11.1f you had to rate the music on their play list on this scale (use visual analogue scale) of 1-5
with 5 being very personal, and 1 being not so personal, how personal is this music selection to
[insert participant]?

12. What about familiar? How familiar is this music for [insert participant] Same scale, is it

extremely familiar or not so much?

13. And, what about preferred where 5 is all the way in their favorites and 1 is not liked at all?
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14. How do you feel about music? Can you describe your own experiences and history with
music?

15. What is one thing you want to tell me about the study of music and being in the hospital?
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Table 3.2: Music Selections

Music
Participant chosen by
Music Selections
Brahms,
1 Family Hungarian rock of the 70s,
Pop Rock (UB40, Beatles)
Radio: ‘The Bone’ Classic Rock
10 Family Classic Jazz (Mingus, Monk, Parker, Coltrane, Petersen)
Tom Petty
5
Family/self Classic Reggae (Bob Marley)
and Eason Chan
Corridos Tumbados/Trap,
8 LatinX Pop (Junior H),
Self Reggaeton,
[Female] HipHop
Psychedelic /Inde Rock
11 Family/self Pop, Synthpop
(Tame Impala)
New Wave; Post-punk
12 Self (The Smiths, The Cure, Echo and The Bunnyman,
Crowded House)
13 Family 80s and 90s Hip Hop (Tupac)
14 Family Latin Jazz (Gabrielle Y Rodrigo)
'Lounge'/Classic Jazz (Monk, Coltrane, Mingus, Petersen)
Classic Jazz
17 Self (Mingus, Monk, Parker, Coltrane, Petersen)
Ethiopian Music
Self
7
Santana
Family
2 Jesus Adrien Romero
[Spanish] Christian Rock/Ballads
Vivaldi
3 Family Soundtrack to Forrest Gump
BBC world news
Family/self Classic Jazz (Brubeck, Monk, Davis, Petersen)
15 Western classical (Mozart)
Bay Area Hip Hop (Too$hort, E40, etc.)
9 Family Earth Wind and Fire

Miles Davis
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Appendix 3.2: Other Informants

Mother of young man with coma after motor vehicle crash (MVC)

Mother of young man with coma after pedestrian versus automobile (PVA)

Partner of young man with traumatic brain injury (TBI) after bicycle crash

Sister of middle-aged man with coma after MVC and cerebral vascular accident (CVA)
Middle aged man with prolonged MV after blunt chest trauma

Bedside registered nurses

Sister of young woman with TBI after MVVC

Medical doctors of neurology, critical care, surgery and neurosurgery: professors, and trainees
Wife and sister-in-law of man with TBI after crash

Middle aged woman after abdominal surgery

Middle aged man with tracheostomy and delirium after abdominal injury after assault
Resident doctors in training

Family of older woman after CVA

Advanced Practice Providers on the trauma service

Uncle and father of young man with penetrating trauma after gunshot assault

Parents and sister of young man with TBI and penetrating trauma after gunshot assault

Siblings of young man with gunshot assault
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Appendix 3.3: Focused Codes

FOCUSED CODES

Advocacy (Care/Respect)

Alternate to medications
Amnesia

Anxiety

Being Seen

Boredom/Feeling Stuck

Breathing Difficulties

Calm/Becalming

Cognition

Coma

Comfort/Soothe

Communicating (when you can’t speak)

Community

Confusion

Connection

Consciousness

Control

Coping/ inner strength

Dancing (moving to music)

Delirium

Disconnected/De-situated

Distraction

Emotional pain

Encouragement

Enhanced focus

Environment

Familiar

Family History

Fear

Focus

Gratitude

Happiness

Healing

Homelife

Hope

Humanizing

Identity

Increasing communication
Individuality

Intrusive thoughts/PTSD
Involving Family

Joy

Loneliness/Alone

Making music

Mechanistic/Dehumanized/Sterile

Memories

Mind

Mindset

Mood

Music as a visitor
Noise/Unpleasant sounds
Normal
Numbness/Resignation
Pain

Peace (Love/Pleasure)
Positive thinking

Presence

Processing emotion (grief/loss)
Psychological pain (relief)
Relaxation

Religion/ Spirituality
Resilience

Restraint

Sadness

Separation

Silence

Sleep

Social

Soul

Stimulating senses
Surviving/Doing Hard Things
Unfamiliar

Waking Up
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Table 3.3: Symptoms affected by music

Loneliness
Separation

Fear

Isolation

Lack of sleep
Anxiety

Pain

Grief

Flashback
Posttraumatic Stress
Depression
Sadness
Dehumanization
Intrusive thoughts
Delirium
Confusion
De-situatedness
Sensory deprivation
Boredom

Loss of control
Dependence
Numbness

Coping
Belonging
Happiness

Joy

Hope

Resilience
Connection

Mood (Improved)
Focus

Pleasure
Normalcy

Self Determination
Being Seen
Identity
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Chapter 4: Effect of A Recorded Music Listening Intervention on the Breathing Pattern of
Mechanically Ventilated Adults

Abstract
Background: Critical illness and mechanical ventilation (MV) are associated with significant
symptom burden including pain, anxiety, agitation, delirium, dyspnea and ventilator intolerance.
Opioid and sedative medications, mainstays of symptom treatment in MV adults confer
increased risk including prolonged length of MV and ICU stay and worsening delirium. In order
to mitigate these risks, guideline-directed care of critically ill adults includes adjunctive non-
pharmacological interventions for symptom management such as music-based interventions.
Prior studies have demonstrated improved self-reported symptom experience associated with
recorded music listening interventions (RMLI). However, there remains a lack of reliable
objective measure of the effects of RMLI in MV adults. This pilot study examines the effect of
an RMLI on ventilator derived breathing measures as a proxy for autonomic nervous system
relaxation.
Methods: A convenience sample of MV adults receiving volume control (VCV) or pressure
support ventilation (PSV) were observed during exposure to a 45-minute RMLI using self- or
family-selected playlists in this quasi-experimental repeated measures, pretest-posttest design
study. Continuous breath-by-breath data was extracted using a Philips NM3® respiratory profile
monitor including respiratory rate (RR) (breaths/min), breath-by-breath time interval (sec);
expired tidal volume Vr (L); minute ventilation Ve (L/min); peak inspiratory airway pressure
(PIP); peak inspiratory and expiratory flowrates (PIF, PEF); and rapid shallow breathing index

(RSBI).
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Results: 16 MV adults completed 22 RMLI observation periods. There were no significant pre-
post differences in any of the breathing outcome measures after a single 45-minute RMLI.
Median RR, V1, Vg, PEF, PIP, MAP, and number of extra breaths were unchanged in the VCV
group (n=12) after an RMLI. In the PSV group (n=10) median RR, VT, VE, PIF, PEF, RSBI
breath-breath interval were also the same before during and after an RMLI. Music selections
varied widely across the group.

Conclusions: RMLIs are acceptable interventions for symptom management for MV adults in
critical care. Future studies that explore clinical outcomes of breathing, such as time to
extubation, success of extubation, tolerance of weaning modes, or dyspnea score, among others,
are recommended.

Key Words: Music Based Intervention, Mechanical Ventilation, Breathing, Symptom,

Relaxation
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Background

Critical illness and mechanical ventilation (MV) are associated with significant symptom
burden including pain, anxiety, agitation, delirium, immobility, and sleep disturbances (PADIS)
(1-5). In addition, patients who receive MV also complain of air hunger, gagging, choking and
being out of sync with the ventilator (6). Opioid and sedative medications, the mainstay of
treatment for the symptoms of PADIS, are used to promote tolerance of MV. However, both
confer increased risk of delirium and morbidities such as prolonged length of MV and ICU stay
(7, 8). Conversely, undertreated symptoms of PADIS and ventilator intolerance are also
associated with medium- and long-term morbidity such as the development of chronic pain
syndrome and post-traumatic stress disorder (9, 10). Guideline-directed care of critically ill
adults includes adjunctive non-pharmacological treatments for PADIS such as music-based
interventions (MBIs) as a means to mitigate the morbidity associated with pharmacologic
symptom management in MV (11).

MBlIs are used across health care settings to promote psychological and physical health
(12). MBIs may be delivered in critical care units in several ways including: as live music,
played by musicians; as an intervention delivered by trained and licensed music therapists (music
therapy); or as recorded music listening interventions (RMLIs) delivered by clinicians (music
medicine) (13). Listening to recorded music has been associated with reductions in subjective
reports of pain, anxiety, and general discomfort among MV adults (14, 15). However,
randomized controlled trials of RMLIs for symptom management in MV adults unable to self-
report have failed to demonstrate consistent benefit. The lack of convincing findings may be
related to the measurements used to establish effect. Commonly selected physiological

measurements such as mean heart rate, blood pressure, and respiratory rate (RR) are poorly
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correlated with PADIS, states of agitation and sedation experienced by MV patients (16).
Psychometric instruments designed to measure agitation and sedation such as the Richmond
Agitation Sedation Scale (RASS) or observed pain such as the Critical Care Pain Observation
Tool (CPOT), lack specificity for people experiencing ventilator intolerance because they
include any observation of ventilator intolerance in their construct for agitation, even if otherwise
unresponsive (17, 18).

The autonomic nervous system (ANS) is largely responsible for the involuntary
regulation of physiologic and psychologic stability (19). There is emerging evidence to support
an association between physiological correlates of the ANS and some emotional states such as
anxiety, fear and pleasure or joy (20, 21). The ANS processes signals from the body and the
mind leading to alterations in the balance of parasympathetic and sympathetic systems activation
which affect physical and emotional response (22). Listening to music may have effects on the
ANS via the limbic and hypothalamic-pituitary axis resulting in physical signs and psychological
reports of relaxation, anxiolysis, and emotional reward (23-25). Therefore, measures of the ANS
may serve as reliable instruments to gauge response to stimuli (either noxious or pleasant) within
an individual (21, 26). This mechanism is thought to be activated by an emotional response to
music, based on memories of music and cognitive processing of musical stimuli (27, 28).

ANS activation also stimulates central respiratory drive, balancing both random and
nonrandom influences to achieve gas exchange homeostasis (29). This manifests as excitatory
changes in the breathing pattern. Specifically, this includes increased RR, depth of breathing (i.e.
tidal volume, V), inspiratory muscle pressure and inspiratory flow demand, and thus is a
psychophysiological expression of emotion (21). Noxious stimulation of the ANS correlates to

increased respiratory drive, which may manifest as increased RR and pulmonary pressures (30).
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Mean RR is among the most commonly studied respiratory measurement of ANS response to
music interventions (19). However, intermittent measures of mean RR are not consistently
affected by music interventions in MV (31-46). One reason for this lack of findings is the
inclusion of patients treated with controlled breathing modes that include a fixed minimum
mechanical breath rate, thereby limiting potential variance due to basement effect. Studies of
RMLI in MV patients conducted during ventilator weaning, a spontaneous mode of ventilation
without a set mechanical rate, suggest that music interventions may be associated with decreased
RR (39, 47, 48). Further, RR may not be a sensitive marker for changes in autonomic balance as
respiratory drive must increase by at least 3 times the resting value before there is a
commensurate change in overall RR (49). A more discrete measure of ANS stimulation is likely
required to detect response to RMLI in highly confounded populations such as are found in
critical care.

Other neurally mediated measures of breathing depth such as V1 or surrogates of
inspiratory muscle pressure reflect respiratory drive and may be more sensitive to physical or
psychological stimulus (49). Breathing pattern may also vary with psychological and physical
states or in response to external stimulus such as music. Common measures of breathing patterns
or effort include: minute ventilation (Ve); rapid shallow breathing index (RSBI); and peak
inspiratory flow (Appendix 2 and 3). Small changes in depth and pattern of respiration have been
measured as VT, Vi, and RSBI alongside a RMLI in two studies (39, 48). Though small, these
studies are some of the first to include ventilator measures which may correlate to RMLIs. No
studies of MV adults receiving fixed rate MV examine changes in the occurrence of patient-

initiated breaths or peak inspiratory pressure (PIP).
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There remains a lack of a reliable, objective measure of the effects of RMLI in MV
adults. We suggest that changes in breathing mediated by stimulation of the ANS are a
theoretically grounded measure of response to a music stimulus. Therefore, the purpose of this
exploratory pilot study is to examine the effect of a preferred, recorded, music listening
intervention on 1) Breathing rate, depth (PIP and MAP), and pattern during volume control
ventilation, and 2) Breathing rate (RR), depth (V1) and pattern (PIF, RSBI, Vg) among MV
adults during spontaneous breathing mode.

Methods

Study Sample and Design

A quasi-experimental, repeated measures, pretest-posttest design was employed. All
participants were observed before, during, and after a RMLI during volume control and pressure
support ventilation, with a recruitment goal of 20 participants. Institutional Review Board
approval was obtained from the Committee for Human Research at the University of California,
San Francisco.
Participants and Setting

A convenience sample of participants was recruited from the Surgical and Neuroscience
ICUs (SICU/NSICU) in a single, level one trauma center in San Francisco, California, from
August 2020 to November 2021. Inclusion criteria were age 18 years old or greater, undergoing
MV after traumatic injury or emergency surgery, on stable ventilator settings of either volume
control or pressure support ventilation, stable sedation regimens and predicted to need MV for
more than 24 hours. Exclusion criteria were known, severe hearing loss (as reported by family
members or noted in the medical records), severe agitation (RASS >+2), deep sedation (RASS <

-3), psychotic disorder or evidence of psychosis, psychiatric hold, pregnancy, hemodynamic
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instability (ongoing resuscitation during hemorrhage, active up-titration of vasoactive infusions,
tachycardia >130 beats/min, unstable cardiac rhythm), chemical paralysis, use of continuous
dialysis, severe or worsening hypoxia (FiO2 80%, up-titration of FiO2 within the past 6 hours),
forensic custody, isolation for infection, or not deemed suitable by the primary treating team
(e.g., anticipated transition to comfort care). Potential participants were identified by bedside
clinicians who had been briefed on the study aims and were screened for inclusion by a single
member of the research team (RM). If suitable for inclusion, participants or their legally
authorized representatives were approached for consent. Proxy consent to obtain physiological
measurements was obtained from patients’ legally authorized representatives. If participants
regained the ability to communicate during hospitalization, they were informed of the study and
reconsented. Analysis was stratified by mode of ventilation into two groups: volume control and
pressure support.
Music Intervention

Once consented, a member of the research team (RM) worked with participants, their
family, and friends to select approximately 45 minutes of music for the RMLI. Music was
selected through several means. Some families chose specific music (albums, particular songs)
and identified these to the PI through email or by phone. Most families made broad suggestions
of music based on genre, era, or artist. Next, the Pl used a web-based application to search for
specific music requests (songs or albums) or by artist or genre based on family and patient
preference. Families (and interactive patients) then reviewed any playlists generated by the web-
based application and approved or amended the selections. Playlist requirements were that music
must be included while recordings of nature sounds, spoken word (audiobooks, talk radio) were

excluded. No restrictions to tempo, beat, rhythm, instrument, genre, timbre, or mood were placed
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on music selections. Playlists were then loaded into a web-based music application on a study-
tablet. Music was delivered through tablet speakers and placed on a stand near the head of the
bed in each patient’s room during the intervention period. Speaker volume was increased until
responsive patients endorsed hearing music through gestural assent (nodding, thumbs up).
Procedure

All participants were observed between 7 AM and midnight. Each observation period
was at least 75 minutes long and started with a baseline 15-minute observation interval, followed
by a 45-minute music listening intervention interval, and at least a 15-minute post music
observation interval. Prior to initiation of observations, participants were placed in a semi-
recumbent position, all care was clustered, and interruptions were minimized to only those
necessary for patient safety and comfort such as suctioning, pain relief, attendance to alarms and
patients in distress. All such interruptions were noted on the data collection sheet.
Measurements

Baseline clinical characteristics during each observation period were recorded by a
member of the research team (RM) including RASS, CPOT, Glasgow Coma Score (GCS),
Confusion Assessment Method (CAM) score for delirium screening, as well as infusion rates for
all sedatives, opioids, and psychoactive medications. Administration of all additional sedative or
analgesic medications during the study period was documented on a data collection tool.
Ventilator settings (volume control or pressure support), level of positive end expiratory pressure
(PEEP), and fraction of inspired oxygen (FiO2) were recorded for all observations. During
volume control ventilation, machine-delivered set respiratory rate and tidal volume Vr (ml) were
documented on the data collection sheet. During pressure support ventilation, machine-delivered

pressure above PEEP was recorded on the data collection tool. Other clinical and demographic
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characteristics were extracted from the electronic health record and through interviews with
patients and families.

Breathing variables were measured using an NM3® (Philips, Carlsbad, CA) noninvasive
pulmonary mechanics monitor which underwent standard calibration procedures by staff
respiratory therapists prior to being connected to ventilator circuits and which remained in place
throughout the study period. Flash drives were placed into the NM3® devices to record breath
data, downloaded to a laptop, and processed with breath-by-breath data using software provided
by Philips.

Extracted data points and their dimensions included the RR (breaths/min), breath-by-
breath time interval (sec), expired Vt (L), expired Ve (L/min) peak inspiratory airway pressure
(PIP) in cmH.0, peak inspiratory and expiratory flowrates (PIF, PEF) expressed in L/min, and
RSBI expressed as breaths/min/L. For participants receiving volume control ventilation, number
of spontaneous breathing efforts were calculated by subtracting the number of machine-delivered
breaths from the total measured RR (‘extra’ breaths/min).

Outcome Measures

Breath rate was operationalized as RR for each mode of ventilation (pressure support and
volume control) and ‘extra-breaths’ for the volume control group. Depth of breathing was
operationalized as V't (mL) for both modes of ventilation. PIP and MAP (cm H20) were
examined as indirect measures of chest wall compliance and surrogate measures of depth in the
volume control group. Respiratory pattern was operationalized as Ve (L/min) for both modes of
ventilation, as RSBI and breath- breath interval (sec) for the pressure support group, and as PIF

for the volume control group. Continuous data were analyzed and grouped into mean values
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within 5-minute increments starting 10 minutes before the intervention and for at least 60
minutes after the intervention was initiated.
Statistical Analysis

Comparison of participant demographic and clinical variables between both modes of
ventilation was conducted with Student’s t-test and Pearson’s Chi-squared test using STATA 16.
Extracted ventilator data were analyzed using R v4.1.0 (50). Any physiologically out of range
value was discarded (i.e., PIP >70 mmHg). We analyzed 7 outcomes for both modes of
ventilation: RR, VT ,VE, PIF, PEF for all conditions, PIP and MAP for those receiving volume
control, and breath by breath time interval (seconds) and RSBI for those receiving pressure
support. Time courses were initially plotted for each outcome and were visually examined for
any difference in outcomes from interruptions noted during observation (such as suctioning or
administration of extra pain medication). We windsorized the values of each individual (lower
and upper 5%) for better data visualization. Windsorizing is a data transformation technique
wherein the influence of extreme values are minimized by folding a portion of the highest and
lowest values into the data set (51). We further binned the outcome in 5-minute intervals (with
the exception of the last measurement in ‘music on’ had a larger bin size as not everyone was
followed on music for exactly the same time, although they were generally similar), and
calculated the median value in the bin (to be more robust to outlier values than the mean).
Finally, we fit a mixed effects linear regression model for the binned outcome measurements
with the R package Ime4 v1.1.27.1 (52) and tested for differences in time periods compared to

the first baseline 5-minute interval. The alpha level was set at 0.05.
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Results

Thirty potential participants were identified through census review or recommendation
from clinical staff. One person declined to participate, citing concerns over music being ‘too
activating’ for his family member. Of the remaining 29, all expressed interest in study
participation. Six potential participants were unable to enroll due to changing clinical conditions
resulting in either extubation or clinical instability identified in the exclusion criteria. Three
consented participants were extubated prior to enroliment, one died unexpectedly, and three
others were unable to complete any measurement due to administrative issues (Figure 4.1).

Sixteen participants completed 22 intervention and observations periods (PSV only=4,
VCV only=6, both=6). Social and demographic characteristics were equivalent across both
groups. All but two of the participants was male (n=14) with a mean age of 38.31 (13.01) (Table
4.1). Two participants identified as professional musicians, and 2 more identified as avocational
musicians (played instruments or sang as a pastime in their communities). Ventilator settings
used during music interventions were volume control ventilation (n=12) and pressure support
ventilation (n=10) (Table 4.2). Participants observed during volume control ventilation were
enrolled on hospital day 7 (3.49), ventilator day 7 (3.54) whereas observations during pressure
support mode were on hospital day 12 (9.35) and ventilator day 10 (8.05). Eleven study
participants had traumatic brain injury (TBI) and 9 had thoracic injuries. Fourteen participants
had endotracheal airways and 2 had tracheostomies in place. At the time of enrollment all but
one participant was confused (CAM positive) or too obtunded to be assessed for confusion.
Mean GCS (8.83 vs 8.8, p=0.97, moderately depressed consciousness) and RASS (-2 vs -1.8,
p=0.72, light sedation) were the same at the start of the intervention in both groups. During

volume control ventilation 11 (91.7%) participants were receiving continuous sedation infusions
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(propofol and/or dexmedetomidine) and 9 (75.0%) were receiving continuous opioid infusions
(fentanyl or hydromorphone). Continuous sedation and opioid infusions were used in 6 (60%)
participants during pressure support ventilation.

Music selections were made by family members (n=12), patients (n=3), and in one case,
clinician suggestion (n=1) when no family were able to provide a music recommendation.
Playlist contents are presented in appendix 4. Music selections were played for 41-60 minutes in
13 of the observations. Several participants indicated they wanted to continue listening to the
music after the planned intervention; in these cases, the music was left on for up to 20 more
minutes in 6 cases and indefinitely in 3 cases. Interventions occurred in the afternoon (n=13),
morning (n=2) or at night (n=1).

There was no significant difference in any of the measured breathing outcomes after
music intervention. In the pressure support ventilation group mean RR, V1 ,VE, PIF, PEF, RSBI
breath-breath interval were also the same before during and after a music intervention (Figures
4.2-4.8). Mean RR, V1,VE, PEF, PIP, MAP, and number of extra breaths were unchanged in the
volume control group after music intervention (Figures 4.9-4.15).

Discussion

This is the first study to test the effect of a music intervention on continuous, respiratory
and ventilator-derived data. As an exploratory study, our primary interest was to learn about the
feasibility of continuous respiratory measurements as an outcome measure for music intervention
studies. Data acquisition and extraction from the NM3® devices was straightforward and
generated high quality continuous objective measurements. While this novel study did not yield

statistically significant changes over time in these measures, methodological insights gained can
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be used to inform future trials designed to measure the effects of music interventions on
measures of breathing in MV patients.
Length of Intervention

Unlike prior studies that demonstrated a change in RR, VT, and RSBI, (39, 48) we did not
document a difference in these measurements before and after a music listening intervention in
the group receiving pressure support ventilation. There are several possible explanations for this
outcome. One reason may be related to the length of our music intervention. We examined the
use of a 45-minute (or longer) music intervention, whereas others have utilized shorter RMLI.
Jaber et al noted an increase in V1 and a decrease in RR and RSBI after only 10 minutes in their
cross over design study of 15 people during ventilator weaning (39). However, these differences
were not maintained after 15 minutes of music; by the end of the intervention, both V+ and RSBI
had returned to baseline. Synn and Choe reported similar findings of reduction in RR, RSBI and
an increase in V after a brief (30 minute) intervention with relaxing classical music in 21 adults
(48). This group also observed a similar rapid onset of effect and rapid return to baseline
afterwards, with all participants returning to baseline within the 30-minute washout period.
These immediate effects have been noted in other studies of music interventions. For example, a
recent meta-analyses in critical care patients using music interventions for treatment of pain
found significant improvement only after music interventions lasting between 20 and 30 minutes,
but not after interventions of less than 20 minutes or greater than 30 minutes (14). Others have
shown reduction in procedural pain (such as with suctioning, turning, or bathing), with short
music interventions (40, 53, 54).

Advances in cognitive neuroscience have enriched understandings of the mechanism of

action of music listening in the brain. Current frameworks point to an activation of the pleasure
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and reward system involving the limbic, hypothalamic pathways and to cognitive processing in
the auditory cortex and prefrontal cortices (23, 25, 55, 56). While research indicates that
processing music involves multiple cognitive processes, including attention (57), it is not known
how long a critically ill person in a highly stimulating environment can maintain attention on a
music stimulus. It is possible that our observation and intervention periods were too long, and
that the short-lasting effects of listening to music faded or were overwhelmed by other confounds
in a busy ICU in participants with possible impaired attention.
Clinical Heterogeneity of Subjects

A more likely explanation lies in the clinical heterogeneity of the study participants, in
particular their altered mental states. Eleven (68%) study participants had TBI. Brain injury is
known to alter breathing patterns directly though injury to the lungs and also indirectly due to
autonomic nervous system dysfunction (58). Prior research of breathing patterns suggests that
changes in respirations are common among people with TBI (59). Opioid and sedative use in this
cohort may also have affected the results. Most studies of music interventions for MV ventilated
adults exclude people who are deeply or continuously sedated. However, there is evidence to
suggest that people can hear and are positively affected by music delivered while under
anesthesia (60-63). Despite the high doses of sedating medications and overall low level of
consciousness in our group, we were able to verify with all but one patient that they could hear
the music. Nevertheless, breathing responsiveness during periods of altered mental status
remains unclear. Opioids and benzodiazepines may cause respiratory depression through
reduction in RR and tidal volume (64). Propofol lowers the central nervous system response to

oxygenation and ventilation (65) but ketamine may stimulate respiratory centers resulting in
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increased respirations (66-68). It is likely that any measurable effect from an RLMI was
confounded by high doses of sedatives and opioids administered in our small sample.

All but one of the participants in our study screened positive on the CAM test indicating a
high likelihood of delirium. The defining features of delirium are cognitive relating to perception
or awareness, and the subtypes are often differentiated by motor response as hyperactive,
hypoactive, or mixed (69). Individuals with delirium may be agitated or somnolent, but all have a
decrease in executive function; some endorse hallucination; others experience confusion (70). It
is well established that MV is associated with increased risk of delirium, but the effects of
delirium on MV are not known. In other words, it is not clear what effect a hyperactive state may
have had on the measured breathing indices. Examination of the distribution plots reveals
significant difference in the total variance between individuals, suggesting an important
difference in arousal level at baseline. Further, delirium may affect an individual’s response to
music interventions. Research has shown that stroke patients demonstrate improved awareness,
attention span, and mood after listening to ‘pleasant music’ (57), pointing to a possible use for
the treatment of delirium. Though promising, new music interventions designed to prevent or
treat delirium have not yet shown a benefit (71).

Heterogeneity of Music Selections

Music selection heterogeneity may also have influenced our results. Current
recommendations for RMLIs in critical care emphasize patient preference and familiarity (72-
76). Both Liang and Jaber offered participants a choice of music genre, but both also limited the
selections to music considered ‘relaxing’, based on slow tempo. Similarly, Synn and Choe tested
slow tempo Western classical music against traditional Korean music noting a greater response

to Korean music in their trial of 21 people during ventilator weaning (48). One large prospective
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trial of MBIs in MV adults in North America (n=107) identified classical, jazz, rock, country and
‘oldies’ (1950-1970) as the most commonly preferred genres of music (77). However, the
generalizability of these recommendations is threatened by the lack of participant diversity; all
but one participant identified as white, with a mean age of 60 years. Research suggests music
preference may depend on sex, age, social determinants such as income, education level and
place of origin, and music background (24). While mostly male, our study participants were
younger and more diverse in terms of racial and ethnic identity, socio-economic status, place of
origin, and musical background. These differences were reflected in the wide variety of music
chosen by family members and also by the 2 participants who made their own selections. Several
participants or their surrogates chose slow tempo ‘relaxing’ music (Enya, classical, religious,
jazz), but some selected faster, more upbeat music of varying genres including reggaeton, hip
hop, Latin jazz, and post punk alternative rock.

Many researchers advocate for the use of slow tempo music (60-80 beats/min) in critical
care (73, 74, 78). However, in people with TBI, preferred music of any tempo has been
associated with greater reduction in agitation than ‘relaxing’ slow temp classical (79). Others
have shown equal reduction in RASS between both patient-selected preferred music and
investigator-selected ‘relaxing classical” music in MV adults (80). We cannot know what
contribution music selection made to the study outcome given the small sample size, and propose
that future studies explore the variety of personally selected music used in RMLIs in diverse
populations.

Use of Objective Continuous Data
Finally, the validity of studies reporting a difference in RR, Vr, and RSBI may be

threatened by observer bias, whereas our results were based on an objective measure. Prior
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studies that examined breathing after RMLIs were based on clinicians’ observations of a small
sample of breaths recorded at specific intervals during the study period. It is possible that if these
prior analyses included a comprehensive, machine sourced survey of all of the breaths during the
study periods, then observed differences may have been moderated. Conversely, our rich
continuous data was vulnerable to confounds such as coughing, mucous plugging, or Kinks in the
ventilator tubing, events that trained observers would dismiss during their observations. We
attempted to account for these unusual or external circumstances during the data cleaning
process, though several outliers remained unaccounted for leaving open the possibility of other
instrument-related measurement errors.
Limitations

This study has several limitations. First, there was a high rate of attrition as 30% of
consented participants were unable to complete an intervention and observation session, and of
16 enrolled participants only 6 completed both sessions of music interventions. The most
common reason for this was worsening or improving clinical condition. Enrollment was further
hampered by clinical care requirements including operations, diagnostic imaging, consultant
team rounds, rehabilitation therapy, blood draws and dressing changes. Identifying a 2-hour
period of relative clinical stability without interruption in such a complex population in a
NSICU/SICU proved unfeasible. However, the high symptom burden of injured, surgical
patients enjoins us to design studies that include this vulnerable population. Limiting the length
of future interventions to 30 minutes of music and examining the period of time during ventilator
weaning may help attend to these enrollment problems.

Small sample size may also threaten the validity of our findings. As an exploratory pilot

study of a novel measurement, our main objective was to investigate the use of breathing indices
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as a measure of response to an RLMI. As such, we were able to demonstrate wide acceptability
of a personalized music intervention with over 95% of potential participants expressing interest
in enrollment. We are encouraged by the interest of patients and their family members who
overwhelmingly agreed, or requested, to listen to music. Information gained from this pilot can
shape future studies of RMLI in critical care.

Finally, the sensitivity and specificity of the outcome measures we explored are not well
established for change in arousal, or relief of unpleasant symptoms; it is likely that they also lack
sensitivity for RMLIs. For example, the administration of sedatives and analgesia have proven
ineffective at reducing ventilator intolerance. More specifically, sedatives and analgesia have
failed to moderate breath stacking or early, extra breathing, leading some to recommend changes
to the ventilator rather than treatment of the patient (81). Also, Ve has demonstrated sensitivity
to noxious stimuli in people under general anesthesia, but it is not known what effect a pleasant
stimulus may have on breathing patterns (82). Importantly, subtle changes in breathing measures
after RMLIs identified in previous studies lack clinical significance. Liang et al showed that
listening to preferred music was associated with an improved tolerance for ventilator weaning, as
measured by reduction in dyspnea and increased spontaneous breathing mode time length (47).
Studies like these that include clinically meaningful outcomes help explain the relationship
between RMLIs, breathing and symptom experience.

Conclusion

Measurements of breathing did not change after a personalized RMLI in this small pilot
study of sedated, MV adults. The amount of variance differed greatly between individuals and
may reflect important differences in arousal level between individuals, which likely confounded

our results. Widespread enthusiasm among participants and family members for the use of
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RMLIs suggests that listening to music is of some subjective benefit. Studies that restrict
enrollment to a more heterogenous sample of patients who are awake and calm or lightly
sedated, may help uncover a consistent change in breathing indices associated with RMLIs.
Future studies that explore clinical outcomes of breathing such as time to extubation, success of

extubation, tolerance of weaning modes, or dyspnea score, among others are recommended.
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Table 4.1: Sample Characteristics

Characteristics, N (%) or mean (SD) | N=16
Age: Mean years, (range, SD) 38.31, (25-64,
13.01)
Sex:
female 2 (12.5%)
male 14 (87.5%)
non-binary 0 (0%)
Race or Ethnicity:
Asian 4 (25.5%)
Black/African American 2 (12.5%)
LatinX 1 (6.2%)
Native American 1 (6.2%)
White 7 (43.8%)
Decline 1 (6.2%)
Primary Language Spoken:
English 12 (87.5%)
Spanish 1 (6.2%)
Cantonese 1 (6.2%)
Religion:
Buddhist 1(6.2%)
Christian/Catholic 2 (12.5%)
Muslim 1 (6.2%)
None 12 (75%)
Insurance:
Private 8 (50.0%)
MediCal 8 (50%)
Housing:
Housed 11(68.8%)
Unhoused 4 (25%)
Unstable housing 1 (6.2%)
Employment:
Employed 8 (50%)
Unemployed 8 (50%)
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Table 4.2: Baseline Characteristics

Clinical Characteristics Volume Pressure Support P value
control [N=10]
[N=12]
Hospital Day: mean (SD) 7.17 (3.49) 12.40 (9.35) 0.087*
Ventilator Day: mean 7.00 (3.54) 9.80 (8.05) 0.289!
Presence of TBI yes (%) 8 (66.7%) 7 (70.0%) 0.8672
Thoracic trauma: yes (%) 6 (50.0%) 7 (70.0%) 0.342?
CAM* + yes (%) 10 (83%) 8 (80%) 0.3812
no (%) 1 (8.3%) 0 (0%)
unable to assess 1 (8.3%) 2 (20%)
RASS*: mean (SD) -2.00 (1.35) -1.8 (1.23) 0.722*
GCS*: mean 8.83 (2.41) 8.80 (1.55) 0.970!
Continuous Infusion yes (%)
Sedative 11 (91.7%) 6 (60.0%) 0.0782
Opioid 9 (75.0%) 6 (60.0%) 0.4522
Propofol mcg/kg/min mean (SD) | 38.57 (25.45) 31.67 (14.38) 0.569!
Fentanyl mcg/hr. mean (SD) 160.71 162.50 (103.08) 0.403!
(116.24)
Precedex mcg/min mean (SD) 1.03 (0.40) 1.27 (0.46) 0.403!
Ventilator Characteristics
Airway
ETT* 1 (8.3%) 3 (30%) 0.190?
Tracheostomy 11 (91.7%) 7 (70%)
FiO2*: mean (SD) 42.50 (8.66) 40.50 (8.64) 0.595!
PEEP*: mean (SD) 7.92 (1.98) 7.20 (2.04) 0.414!
Tidal Volume ml mean (SD) 548.33 NA NA
(105.56)
Respiratory Rate 13.73 (2.41) NA NA
Pressure support above PEEP NA 7.80 (1.75) NA

1. Linear Model ANOVA
2. Pearson’s Chi-squared test

Key of abbreviations: CAM: Confusion Assessment Method; RASS: Richmond Agitation
Sedation Score; GCS: Glasgow Coma Score, mcg: micrograms; min: minute; kg: kilograms; hr.:
hour; ETT: Endotracheal Tube; TBI: traumatic brain injury; FiO2: Fractional inspired Oxygen,
PEEP: positive end expiratory pressure; mcg: microgram; SD: standard deviation
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Figures 4.2-4.4: Pressure Support Breathing Measure Outcomes: Respiratory Rate,

Minute Ventilation, and Peak Expiratory Flow
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Figures 4.5-4.7: Pressure Support Breathing Measure Outcomes: Tidal Volume,

Rapid Shallow Breathing Index, Peak Inspiratory Flow
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Figures 4.8-4.10: Pressure Support Breathing Measure Outcome: Breath-Breath

interval; Volume Control Breathing Measure Outcome: Respiratory Rate, Minute

Ventilation
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Figures 4.11-4.13: Volume Control Breathing Measure Outcomes: Peak Expiratory

Flow, Tidal Volume, Peak Inspiratory Pressure
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Appendix 4.1: Abbreviations

Concept

Abbreviation

Description

Richmond Agitation Sedation
Scale

RASS

10-point Likert scale of
agitation and sedation
centered on 0 = awake
and calm (-5 comatose -
+4 combative)

Delirium, Immobility and Sleep

Critical Care Pain Observation CPOT 12-point psychometric

Scale scale of observed pain for
use in critical care

Glasgow Coma Scale GCS 15-point psychometric
scale (3-15) of level of
consciousness

Confusion Assessment for ICU | CAM-ICU Dichotomous (+ or -)

Score screen for delirium in
critical care

Pain, Anxiety/Agitation, PADIS Constellation of

symptoms targeted by the
Society of Critical Care
Medicine for
management for
improved outcomes
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Appendix 4.2: Breathing Measures

Breathing Measure

Definition

Abbreviation

Volume Control Ventilation

Machine delivers fixed rate
of breaths of a specific
volume per minute

VCV

Pressure Support Ventilation

Patient initiates all breaths,
once triggered, machine
delivers breath according to
preset driving pressure
which determines
inspiratory flow (L/min)

PSV

Fraction of inspired oxygen

Concentration of oxygen in
gas mixture (%)

FiO2

Respiratory Rate

Number of breaths per
minute

RR

Breath-Breath interval

Time between initiation of
each breath (seconds)

Breath-Breath interval

breaths/min to the tidal
volume in L of breaths

Tidal Volume Volume in Liters of breath | V7
delivered
Tidal Volume expired Volume in Liters of breath
on expiration
Positive end expiratory pressure | Minimum pressure PEEP
preserved in the circuit at
the end of a breath cycle
(cm H20)
Peak inspiratory airway pressure | Highest pressure measured | PIP
in the breath cycle;
represents both resistance
and compliance (cm H20)
Peak Inspiratory flowrate L/min PIF
Peak Expiratory flowrate L/min PEF
Rapid Shallow Breathing Index Ratio of number of RSBI
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Appendix 4.3: Explanation and justification of Breathing Measures

VE is the product of V1 and RR and normally reflects metabolic demand, but it also
reflects supra-pontine input from the limbic, paralimbic and sensory/motor cortices associated
with panic, anxiety, and pain (29, 83). RSBI is RR/Vr (84) and elevated RSBI > 100 is
associated with the inability or difficulty to sustain unassisted breathing (85). Classically
excessive work of breathing in pulmonary disease worsens dyspnea and frequently induces
anxiety (86, 87). Therefore, monitoring RSBI possesses at least face validity as a potential
surrogate for assessing the work of breathing associated with critical illness. Inspiratory flow and
V7 reflect change in the muscular contraction of the chest during spontaneous breathing; as
respiratory drive increases so too does the velocity of muscular contraction and thus flow rate
(88). As such, peak inspiratory flow may reflect change in respiratory drive, signaling a change
in the somatic state after an RMLI. Peak inspiratory pressure (PIP) represents the total force
generated by the mechanical ventilator to overcome resistance in the lungs, airways and the chest
wall (89). Thus, increased tension of the chest wall muscles in response to noxious stimulus or
increased respiratory drive may be reflected as increased PIP measured by the mechanical

ventilator during volume-controlled ventilation (88).
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Appendix 4.4: Music Selections

Participant 2: both sessions

Artist chosen by girlfriend, endorsed by uncle, later validated by patient

45 minutes

Dame Este Monte, Jesus Adrian Romero, Daniel Santoy (Coleccion Duetos) 3:40; Algo Mas,
Jesus Adrian Romero (El Brillo De Mis Ojos) 4:41; Jesus, Jesus Adrian Romero, Marcos Vidal
(Coleccion Duetos) 3:48; Tu Estas Aqui, Jesus Adrian Romero, Marcela Gandara (Coleccion
Duetos) 4:57; Mi Universo, Jesus Adrian Romero (El Aire De Tu Casa) 4:13; Sumegerme, Jesus
Adrian Romero (Coleccion Adoracion) 5:28; Estas Aqui, Benjamin Rivera (Dias Mejores) 4:52;
Mi Entorno, Jesus Adrian Romero (Ayer Te Vi....Fue Mas Claro Que La Luna) 4:04; La Ultima
Palabra, Daniel Calveti (Vivo para Ti) 4:24; Me Dice Que Me Ama, Jesus Adrian Romero (EI
Aire De Tu Casa) 4:02; El Padre Que Siempre Sone, Abel Zavala (Listo Para Nuestro Encuentro)
3:24

Participant 3

Composition chosen by wife and daughter

51 minutes

Vivaldi, The Four Seasons, Violin Concerto in E Major Op 8, No 1, RV 269 “Spring” 1. Allegro;
Giuliano Carmignola, Sontari de la Giosa Marca 3:12; Vivaldi, The Four Seasons, Violin
Concerto in E Major Op 8, No 1, RV 269 “Spring” II. Largo e pianissmo sempre, Giuliano
Carmignola, Sontari de la Giosa Marca 2:16; Vivaldi, The Four Seasons, Violin Concerto in E
Major Op 8, No 1, RV 269 “Spring” III. Danza pastorale, Giuliano Carmignola, Sontari de la
Giosa Marca 3:41; Vivaldi, The Four Seasons, Violin Concerto in G Minor Op 8, No 2, RV 315
“Summer” 1. Allegro non molto, Giuliano Carmignola, Sontari de la Giosa Marca 5:03; Vivaldi,
The Four Seasons, Violin Concerto in G Minor Op 8, No 2, RV 315 “Summer” II. Adagio
presto, Giuliano Carmignola, Sontari de la Giosa Marca 2:13; Vivaldi, The Four Seasons, Violin
Concerto in G Minor Op 8, No 2, RV 315 “Summer” III. Presto, Giuliano Carmignola, Sontari
de la Giosa Marca 2:22; Vivaldi, The Four Seasons, Violin Concerto in F Major Op 8, No 3, RV
293 “Autumn” I. Allegro, Giuliano Carmignola, Sontari de la Giosa Marca 4:46; Vivaldi, The
Four Seasons, Violin Concerto in F Major Op 8, No 3, RV 293 “Autumn” II. Adagio, Giuliano
Carmignola, Sontari de la Giosa Marca 2:36; Vivaldi, The Four Seasons, Violin Concerto in F
Major Op 8, No 3, RV 293 “Autumn” I. Allegro, Giuliano Carmignola, Sontari de la Giosa
Marca 2:53; Vivaldi, The Four Seasons, Violin Concerto in F Minor Op 8, No 3, RV 297
“Winter” 1. Allegro non molto, Giuliano Carmignola, Sontari de la Giosa Marca 3:07; Vivaldi,
The Four Seasons, Violin Concerto in F Minor Op 8, No 3, RV 297 “Winter” II. Largo, Giuliano
Carmignola, Sontari de la Giosa Marca 1:49; Vivaldi, The Four Seasons, Violin Concerto in F
Minor Op 8, No 3, RV 297 “Winter” III. Allegro, Giuliano Carmignola, Sontari de la Giosa
Marca 2:47

Participant 5: both sessions
Playlist determined by Spotify (popular Easan Chan); artist suggested by partner
69 and 70 minutes

Artist Eason Chan: A EATH@ERMIE X Unexpected Summer 3:30; R _EREFEAERFR A Song
That Doesn’t Exist in the World 3:53; J1& % Lone Brave 4:16; +4 Decade 3:25; 1M We
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4:20; &% EF Because of Love 3:36; /&KX Eliminate 4:45; i A4 R Long Time no See 3:26;
B4 45 B Next Year Today 4:10; BEE Bike 3:31; XU Under Mt Fuji 4:19; Ktz E
King of K Songs 3:38

Participant 9:

Music picked by bedside nurse and respiratory therapist, confirmed by sisters

60 minutes

It’s Lit Playlist (on Spotify); first and second session ; 93 “Til infinity by Souls of Mischief (93
Til Infinity): 4:46; Blow The Whistle* by Too $hort (Blow the Whistle): 2:43; Super Hyphe
(Original*) by Keak Da Sneak (Keak Da Sneak’s Greatest Hits): 3:34; Choices Yup by Golden
State Warriors Remix- E40 (Choices Yup Golden State Warriors Remix): 2:42; 4am Bay Bridge
Music* by Andre Nickatina and Equipto (Gun Mouth 4 Hire, Horns and Halos #2): 3:39; San
Francisco Anthem feat. Big Rich and Bod Banga by San Quinn, Big Rich, Bod Banga (Rydah J
Klide Slap House Vol 2) 4:57; R.I.P.* by Jeezy, 2 Chainz (R.I.P.) 3:20This D by TeeFLii,
Mustard (This D) 3:05; Like Waaat feat. Bad Lucc* by Problem (Understand Me-EP) 3:32;
Versace Remix* by Migos, Drake Versace (Versace Remix Drake single) 4:06; Kung Fu by
Baauer, Pusha T, Future (Kung Fu): 2:40; 4 Lit* by B.o.B. T.I. Ty Dolla $ign (4 Lit): 3:24; Gas
Pedal* by Sage the Gemini, lamsu! (Gas Pedal): 3:27 ; Feek-A-Leek* by Petey Pablo (Still
Writing in My Diary: 2" Entry): 3:55; Wicked *by Future (EVOL): 2:53Jump* feat. Gizzle by
Lupe Fiasco, Gizzle (DROGAS Light): 4:35; Hit the Gas™* feat. Snoop Dogg & Nef the Pharoah
by Raven Felix, Snoop Dog, Nef the Pharoah (Hit the Gas Snoop Dog, Nef the Pharoah) 3:36;
Slappin* by E-40, Nef the Pharoah, Shelley FKA DRAM (Slappin) 3:50; Moves* by Big Sean (I
Decided.) 3:50Come Get Her* by Rae Sremmurd (SremmL.ife) 3:33

Participant 10:

Music selected by mother, later confirmed by patient

45 minutes

Jazz Classics on Spotify: Blue in Green (feat. John Coltrane & Bill Evans), Miles Davis, John
Coltrane and Bill Evans (Kind of Blue Legacy Edition), 5:38; Goodbye Pork Pie Hat, Charles
Mingus (Ah Um) 5:42; Stormy Weather, Oscar Peterson Trio (Plays the Harold Song Book)
3:33; A Day in the Life: by Wes Montgomery (Wes Montgomery: Finest Hour) 5:49; In a
Sentimental Mood, by Duke Ellington, John Coltrane (Duke Ellington & John Coltrane) 4:15;
Blue in Green (feat. John Coltrane & Bill Evans), Miles Davis, John Coltrane and Bill Evans
(Kind of Blue Legacy Edition), 5:38; A Love Supreme, Pt 1, John Coltrane (A Love Supreme)
7:43; Footprints, Wayne Shorter (The Best of Wayne Shorter) 7:32 Bumpin’ On Sunset, Wes
Montgomery 4:49; ‘Round Midnight, Thelonious Monk (Genius of Modern Music) 3:41; It
Might as Well Be Spring, Bill Evans Trio (Moon Beams) 6:06; So What (feat. John Coltrane &
Bill Evans), Miles Davis, John Coltrane and Bill Evans (Kind of Blue Legacy Edition 9:22

Participant 11:

Music selection by mother and sister

60 minutes

Avrtist: Bad Bunny (patient later changed to Tame Impala)

Lo Siento BB: (with Bad Bunnny & Julieta Venegas) 3:27; Yonaguni* 3:26; X Ultima Vaz*
3:12; X Utlima Vez* 3:12; Volvi* 3:50; MIA (feat. Drake) 3:30; LA CANCION, feat J Balvin
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(Oasis) 4:02; A Tu Merced 2:55; La Santa* 3:26; La Cancion 4:02; Volando*- Remix 4:33; La
Zona* 2:16, Vete* (YHLQMDLG) 3:12; Desde El Corazon 2:07; Si Veo a Tu Mama 2:51; La
Dificil* 2:43; Te Mudaste* 2:10; Otra Noche en Miami* 3:53; Diles (feat Arcangel, Nengo
Flow, Dj Luian & Mambo King) 4:39; Yo Perreo Sola 2:52;

Participant 12:

Self-selected by patient, with changes and song by song selection (sometimes interrupted) took
controls into their own hands

66 minutes

The Smiths, Morrisey, The Cure, Velvet Underground, Joy Division, The English Beat, Echo
and the Bunnymen, Elvis Costello, Squeeze, REM

Participant 13:

Music chosen by siblings, confirmed during and later with patient

63 minutes

Genre: 90s Hip Hop on Spotify; Hypnotize, The Notorious B.I1.G. (Life After Death) 3:50; No
Diggity*, Blackstreet, Dr Dre, Queen Pen (Another Level) 5:05; Ambitions As a Ridah, 2 Pac
(All Eyez on Me) 3:50; Rosa Parks*, Outkast (Aquemini) 5:24; 1 Wish, Skee-Lo (I wish) 4:09;
Shoop Salt-N-Pepa (The Best of Salt-N-Pepa) 4:07; California Love- Original Version, 2 Pac,
Roger, Dr Dre (The Best of 2Pac) 4:44; Push-It Salt-N-Pepa (The Best of Salt-N-Pepa) 4:29; Hip
Hop Hooray*, Naughty by Nature (booty Phat Classics) 4:25; It Was A Good Day*, Ice Cube
(The Predator) 4:20; C.R.E.A.M. Wu-Tang Clan, Method Man, Raekwon, Ispectah Deck (Enter
the Wu-Tang) 4:12; Killing Me Softly With His Song, Fugees, Ms Lauren Hill (The Score)
4:59Runnin’* The Pharcyde (Labcaincalifornia) 4:56

Participant 14:

Chosen by partner, in the moment assented by patient (later listened to Jazz classics, preferred it
though had declined it in the moment)

66 minutes

Artist: Rodrigo Y Gabriela

Oblivion (the Jazz EP) 5:13; Vikingman- Remastered 4:02; Hanuman 3:43; Street Fighter Mas
(The Jazz EP) 5:47; South of Heaven’s Chanting Mermaids- From Pirates of the Caribbean 5:46;
Stairway to Heaven 4:44; Orion 7:44; 30 De Marzo 4:14; Tamacun 3:25; Angry and Dead
Again- From Pirates of the Caribbean 3:53; Lingus 8:39; Senorita XXX 4:24

Participant 15:

Chosen by parents and sibling, assented by patient once conscious:

Session 1: 60 minutes

Miles Davis: Kind of Blue followed by other selections of Davis

Kind of Blue: So What (feat John Coltrane, Cannonball Adderley & Bill Evans) 9:22; Freddie
Freeloader (feat John Coltrane, Cannonball Adderley, Wynton Kelly, Paul Chambers) 9:46; Blue
in Green (feat John Coltrane & Bill Evans) 5:37; All Blues (feat John Coltrane, Cannonball
Adderley & Bill Evans) 11:37; Flamenco Sketches (feat John Coltrane, Cannonball Adderley &
Bill Evans) 9:26; Generique (The Columbia Years 1955-1985) 2:46; It Never Entered My Mind,
(Jazz Inspiration) 4:04; Drad Dog (The Original Mono Recordings) 4:32
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Session 2:

88 minutes

John Coltrane

A Love Supreme: Part | Acknowledgment (A Love Supreme) 7:43; In a Sentimental Mood,
Duke Ellington and John Coltrane (Duke Ellington & John Coltrane) 4:15; and John Coltrane
My One and Only Love John Coltrane and Johnny Hartman 4:54; Too Young To Go Steady,
John Coltrane Quartet (Ballads) 4:21; How Deep is The Ocean, John Coltrane, Hal Mobley. Al
Cohen, Zut Sims (Interplay Box Set) 15:06; After the Rain, John Coltrane (Impressions) 4:09; A
Love Supreme: Part IV Psalm 7:02; Say It (Over and Over Again), John Coltrane Quartet
(Ballads) 4:15; You Don’t Know What Love Is, John Coltrane Quartet (Ballads) 5:12; IT’s Eady
To Remember, John Coltrane Quartet (Ballads) 2:45

Participant 16: both sessions

Music selected by son, some of the artists personally known to them

56 and 61 minutes

Cantonese Worship music on Spotify: X#hi&3€ Heaven and earth praise 3:42; i E You are
the King 3:53; ZL B E &K My heart is great for the Lord 3:00; @ FEZF Who ever promised;
FRETREE 4.02; Love is not reserved 4:02; ERFIZEZE Jehovah is love 4:56 ; £R A& (BIE
88) All because of You (Liu Meijuan) 4:31; #IEZ2E A | believe that love is eterna 4:32I; &
RA&{R (BREEIs) All because of you (Tang Wanling) 4:42; E{RE I £E 7B When you come to
powerlessness 4:14; —EHi&RIFFIR A poem of praise 4:16

Participant 18:

Aurtist chosen by mother and sister, later endorsed as a favorite by patient

70 min

Artist: Bob Marley: Three Little Birds (Exodus), 3:00; Could You Be Loved (Uprising) 3:57; Is
This Love (Kaya) 3:52; Jammin (Legend) 3:31; One Love (Exodus) 2:53; Buffalo Soldier
(Confrontation) 4:16; Redemption Songs (Uprising) 3:54; Waiting in Vain (Legend) 4:16; No
Woman No Cry 7:08; Satisfy my Soul (Kaya) 4:31; Rebel Music 6:45; Burnin’ and Lootin’
(Burnin’) 4:13

Participant 19:

Selected by spouse, endorsed by patient, then patient took over the controls and changed it after
30 minutes to a pre-selected ‘sleep music’ on own device.

No end

Initially: Enya album Shepherd Moons: Shepherd Moon 3:46 Caribbean Blue by Enya (Shepherd
Moons) 4:00 How Can | Keep from Singing? 4:26 Ebudae 1:56Angeles 4:01No Holly for Miss
Quinn 2:56 Book of Days 2:56 Evacuee 3:51Lothlorien 2:07 Marble Halls 3:56

Participant 20 session 1:
Suggested by clinical staff after R+B mix seemed to make them anxious
69 min
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The Most Relaxing Classical Ever, a playlist on Spotify: Canon in D Johann Pachelbel,
Orchestre de Chambre, Jean-Francois Paillard 6:16 Eine kleine Nachtmusick: Andante Wolfgang
Amadeus Mozart, Camereta Academica, Franceso Macci 5:52Fur Elise Ludwig van Beethoven,
Sylvia Capova 2:50 Strong Quartet No 1 Pyotr Illyicj Tchaikovsky, Shostakovich Quartet
6:42Clare De Lune Claude Debussy, Latvian Philharmonic Chamber Orchestra, Illmar Lapinsch
4:211dyl for Strings: Adagio Loes Janacek, Prague chamber Orchestra 5:41Adagio in G Minor,
Tomaso Albinoni, llmar Lapinsch, Latvian Philharmonic Orchestra 8:31The Girl with Flaxen
Hair Claude Debussy, Jacques Rouvier 2:17Air on a G String, Johann Sebastian Bach, Royal
Philharmonic Orchestra, Frank Shipway 3:25Greensleeves, Ralph Vaughn Williams,
Philharmonic Orchestra 4:33 Largo from Xerxes, George Frideric Handel, Maxence Larrieau,
Susanna Mildonian 4:11Prelude in C, Johann Sebastian Bach, Valrey Afanassiev 1:57The
Planets: Venus Gustave Holst Royal Philharmonic Orchestra 8:05Goldberg Variations: Aria
Johann Sebastian Bach, Konstantin Lifschitz 2:11Adagio For Strings Samuel Barber, | Solisti
Italiani 7:01

Participant 20 session 2

Reggaeton Mix

58 min

Selected by nurses who had cared for patient in prior hospitalizations, daughter assented to
choice: Guasam Guasa* by Tego Calderon (EI Abayarde) 4:00; Aventura by Luny Tunes,
Noriega, Wisin & Yandel (Mas Flow, Vol 1) 2:51; La Calle Me Lo Pidio, by Yandel, Tego
Calderon (Quien Contra Mi) 3:06; Ven Pegate, by Arcangel (De La Ghetto, Zion) 3:55; Hasta el
Amanecer, by Nicky Jam (Fenix) 3:19; Aqui Esta Tu Caldo, by Daddy Yankee (Blin Blin, Vol 1)
3:32; El Mellao, by Volto (En Lo Claro) 3:43; Villana, by Hector & Tito (Blin Blin, Vol 1) 2:24;
Cuano Baila Reggaeton, by Tego Calderon, Yandel (The Underdog- El Subestimado) 3:04;
Vamos Pa’ La Disco, by Las Guanabanas (Guillaera) 2:48

Participant 21 session 1

Selected by parents

50 min

Eagles: Take It Easy 3:31; Witchy Woman 4:10; Lyin’ Eyes 6:21; Already Gone 4:15;
Desperado 3:33; One of These Nights 4:51; Tequila Sunrise 2:53; Take it to the Limit 4:45;
Peaceful Easy Feeling 4:17; The Best of My Love 4:34; Hotel California 6:31

Participant 21 Session 2

Selected by Parents

41 min

“Easy Rock” (aka Yacht Rock): Faithfully, Journey (Frontiers) 4:27; Don’t Stop Believin’,
Journey (Escape) 4:11; Open Arms, Journey (Escape) 3:22; | Want to Know What Love Is,
Foreigner (Agent Provocateur) 5:05; Waiting For A Girl Like You, Foreigner (4 Expanded) 4:52;
Alone, Heart (Bad Animals) 3:39; Take it on the Run, REO Speedwagon (Hi Infidelity) 4:00;
Every Rose Has Its Thorn, Poison (Open Up and Say Ahhh!) 4:20; Sister Christian, Night
Ranger (Midnight Madness) 5:03; Come Sail Away, Styx (The Grand Illusion) 6:07; Who’s
Crying Now, Journey (Escape) 5:00; Hotel California, Eagles (Hotel California) 6:31; Juke Box
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Hero, Foreigner (4 Expanded) 4:20; Feel Like Makin’ Love- 2015 Remastered, Bad Company
(Straight Shooter) 5:14

Participant 22

Music selected by wife and sister-in-law

60 min

“Easy Rock” (aka Yacht Rock): Faithfully, Journey (Frontiers) 4:27; Don’t Stop Believin’,
Journey (Escape) 4:11; Open Arms, Journey (Escape) 3:22; | Want to Know What Love Is,
Foreigner (Agent Provocateur) 5:05; Waiting For A Girl Like You, Foreigner (4 Expanded) 4:52;
Alone, Heart (Bad Animals) 3:39; Take it on the Run, REO Speedwagon (Hi Infidelity) 4:00;
Every Rose Has Its Thorn, Poison (Open Up and Say Ahhh!) 4:20; Sister Christian, Night
Ranger (Midnight Madness) 5:03; Come Sail Away, Styx (The Grand Illusion) 6:07; Who’s
Crying Now, Journey (Escape) 5:00; Hotel California, Eagles (Hotel California) 6:31; Juke Box
Hero, Foreigner (4 Expanded) 4:20; Feel Like Makin’ Love- 2015 Remastered, Bad Company
(Straight Shooter) 5:14

*Explicit Lyrics
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Chapter 5: Conclusion

This dissertation study contributes to the growing body of research examining the use of
recorded music listening interventions (RMLISs) to manage distressing symptoms experienced
during critical care and in particular during mechanical ventilation (MV). Broadly, this
dissertation summarizes the state of the science, while pointing out gaps in the literature that
addresses RMLIs for symptom management through review of prior works, a qualitative
analysis, and the examination of a novel, objective measure of the effect of an RMLI during MV.
This chapter will conclude the dissertation by summarizing key research findings and discussing
the significance thereof. The dissertation findings will then be contextualized against relevant
theories. Next, limitations to the research will be considered. Finally, opportunities for future
research and nursing practice will be presented.

AIM 1: The systematic review of the literature confirmed that RMLIs are effective for the
treatment of anxiety and pain and identified other common symptoms such as agitation, that may
be moderated by RMLIs in adults during MV. The broad scope of this review did not allow for
summative recommendations of RMLIs due to the wide variety of experienced symptoms but
does highlight important literature gaps. Specifically, few studies measure the effect of RMLIs
on common symptoms such as dyspnea, confusion, delirium, sleep, loneliness and general
distress. The heterogeneity of outcome measures also made it difficult to synthesize the results.
In general, studies that measured a symptom outcome with a self-report of symptom experience
or a validated instrument demonstrated consistent RMLI results. Studies that included proxy
measures of symptoms such as vital signs did not show effects. Music selections in the review

were mostly consistent in their structure. Most music was delivered via headphones for 20-60
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minutes, was described as ‘relaxing’ music, with slow tempos including the music selected by
investigators and from the limited patient choices. Two thirds of the reviewed studies were at
moderate to high risk of bias using the Evidence Project risk of bias tool (1), limiting the strength
of any study conclusions.

AIM 2: The qualitative analysis examined the perceptions of the effects of listening to personally
selected music during critical care hospitalization and MV suggest that listening to music may be
beneficial for cognitive and psychological recovery. Six themes emerged from the analysis of 14
semi-structured interviews, notes and observations made during a 16-month study period in a
surgical and neuro-trauma ICU. Participants described that listening to personally selected,
recorded music during their critical care hospitalization was helpful because it: 1) Restored their
consciousness; 2) Maintained their cognition; 3) Humanized their hospital experience; 4)
Provided a source of connection; 5) Improved their psychological wellbeing; and 6) Resolved the
problems of silence. Social and demographic patient information and type of preferred music
varied. However, perception of the psychological and cognitive benefits of music listening was
consistent across the group. The generalizability of the findings are limited due to the number of
informants, and the single center experience. However, the study highlights an under-examined
use of RMLI critically ill MV adults for treatment of symptoms associated with cognition and
psychological wellbeing, both which may affect other common symptoms in this vulnerable
population.

AIM 3: Breathing measures associated with relaxation did not vary as hypothesized with a ML
in this pilot study of 16 MV adults during both machine-controlled ventilation and spontaneous
breathing modalities. Analysis of breath-by-breath data did not demonstrate effect on respiratory

rate (breaths per minute), breath depth (tidal volume in liters or maximum pressure associated
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with fixed volume breaths), nor breath pattern (liters breath per minute, breaths per liter per
minute, inspiratory flow, and other indirect measures of work of breathing). The null results in
this pilot were likely related to the large observed variance within the small sample, high
incidence of delirium, and the heterogeneity of the music selections in the intervention. Use of
the NM3® (Philips, Carlsbad, CA) noninvasive pulmonary mechanics monitor facilitated the
collection of objective, rich, continuous data and is a feasible instrument that adds to the rigor of
the findings.

Synthesis of Findings:

This dissertation study aimed to identify symptoms that may be moderated by listening to
recorded music during MV in critical care and potential measures of the effects of RMLIs to
support an evidence-based expansion of the use of RMLIs for MV adults. Our findings indicate
that the potential benefits of listening to recorded music during MV have been under-measured
in the past, where the majority of studies examining the effects of RMLI focus specifically on
outcomes of pain or anxiety. These observations were confirmed in the qualitative analysis
where we learned that patients used music listening to treat a variety of cognitive and
psychological symptoms (e.g., loneliness, fear, stress, de-situation, dehumanization) including
some which may predict or cause long term morbidity. Study participants rarely described the
use of music listening for pain or anxiety experiences. Instead, participants explained that they
used music listening to address fear, loneliness, confusion, de-situation, and dehumanization, and
sleep disturbances all potential contributors to development of post-traumatic stress disorder and
post-intensive care unit syndrome (2, 3). Results of the qualitative study also showed that
patients experienced distressing symptoms as co-occurring and interactive experiences, as is

consistent with previous symptom research in this population (4, 5). Participants grouped their
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symptoms together describing how their symptoms interacted with one another and how music
helped them to manage their symptom burden holistically. These findings suggest that studies
designed to measure the effect of RMLIs on single symptoms in critically ill MV adults, may
miss the broader benefits of RMLIs.

The results of this dissertation also support the view that listening to recorded music is
associated with improved self-report of symptom experience and is an acceptable intervention
for people experiencing MV and critical care hospitalization. Self-reported pain, anxiety,
dyspnea and distress scores were all improved with music listening interventions in the
systematic review. Participants in the qualitative study described several psychological and
cognitive symptoms that were moderated by listening to music and reported that listening to
recorded music had been of unique benefit to them as they recovered. In the quantitative
analysis, we experienced wide acceptability of the intervention, with only one person declining a
RMLI during the whole study period, and several more requesting to listen to recorded music
than could be enrolled in this small pilot study.

Objective measurements of the effects of RMLIs were less conclusive in this study. On
the one hand, the use of validated psychometric instruments were a strength in several studies
included in the review. However, physiological measures of the effects of MLI in MV adults
remain undetermined. In the systematic review, we found that mean values of vital signs such as
heart rate, blood pressure and respiratory rate did not vary with MLIs. We hypothesized that a
more discrete, and theoretically grounded measurement, such as continuous breath by breath data
derived from the ventilator may demonstrate an effect of MLI. We were unable to detect a
difference in any breathing measures in either group of ventilated patients (ventilator-controlled

or spontaneous breaths).
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Significance of Findings:

This dissertation provides a foundation to explore new measures of the effects of RMLI
in MV adults. Specifically, the findings of this dissertation support the use of RMLI for
treatment of psychological and cognitive symptoms for which there are few feasible therapies in
ICU , and which contribute significantly to overall morbidity. Critically ill and MV adults
experience fear, confusion, hallucination, loneliness, distress, lack of sleep, depression and
cognitive impairment (4-7). Each of these symptoms may extend length of MV, length of stay
and can increase the likelihood of a person developing delirium, post-traumatic stress disorder or
post intensive care syndrome after discharge (2, 3, 8, 9). The use of ML to treat the
psychological and cognitive symptoms experienced during critical illness and MV has the
potential to impact both short-and long-term outcomes.

Communication barriers of critical illness and MV make many cognitive behavioral
therapies designed to treat psychological symptoms unfeasible. However, the findings of this
study suggests that patients perceive a cognitive and psychological benefit from listening to
music even while semi-conscious or unable to communicate. The validity of this hypothesis will
need to be tested in future studies. However, there is precedent in the literature that examines the
effects of RMLI on consciousness among adults with disorders of consciousness (10, 11).
Coupled with this, long term studies of people with brain injury show that both mood and
cognition are improved with RMLI (12, 13).

The heterogeneity of the outcome measures in the systematic review highlights the need
for standardization in reporting of symptom outcomes. Fortunately, there exist several validated
measures to examine many of the newly identified and understudied symptoms mentioned in this

dissertation. Quality and quantity of sleep in critical care can be measured with the Sleep
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Observation Tool and the Richards Campbell Sleep Questionnaire (14). Psychological distress
can be measured with the hospital anxiety and depression scale (HADS) or the intensive care
psychological assessment tool (15). There are still a lack of reliable physiological outcome
measures to demonstrate the effectiveness of RMLI among the critically ill. Reliance on
physiological signs such as vital signs to demonstrate symptom outcome is problematic in
critical care studies. Measures such as mean heart rate have not been shown to be reliable
biomarkers to assess subtle affective changes in most RMLI studies to date (16). The use of
validated measures of symptoms in studies of RMLI are therefore recommended to clarify the
potential uses in MV adults. Standardization of the reporting of symptom outcome measures to
include validated instruments will also allow for comparisons and synthesis of future.
Furthermore, the use of validated scales and psychometric instruments will help generate
clinically meaningful and comparable results.

Diversity of participants and emphasis on preferred, personally selected music are an
additional study strength. The significance of preferred, personally selected music has been
recommended for decades in un-tested guidelines for the use of RMLI for symptom management
in acute care and critical care in particular (17-22). Listening to music may have effects on the
limbic and hypothalamic-pituitary axis resulting in physical signs and psychological reports of
relaxation, anxiolysis, and emotional reward (23-25). This mechanism is thought to be activated
by an emotional response to music, based on memories of music and cognitive processing of
musical stimuli (26, 27). People demonstrate wide variety in their musical preferences and report
increased pleasure response to preferred or familiar music (27). Importantly, the bases of our
musical preferences are rooted in our social and cultural context (24, 26, 28, 29). Despite these

recommendations most research that explores the effects of RMLI tests the effects of
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investigator-selected music or restricts choice of patient-selected music to genres, tempos, and
moods that investigators deem suitable. In the systematic review, we found that unrestricted
music choice was associated with improved overall symptom experience. During the qualitative
interviews, patients, their families, and friends explained that personally selected music had
benefit beyond what could be measured as a discrete symptom. Music selections in older studies
of RMLI have been restricted to CDs and cassette tapes but advances in technology now allow
for increased access to preferred music selections through the use of web-based music libraries
and bedside tablets. In both the qualitative and quantitative studies, we observed a diverse group
of patients and families making a wide variety of music selections using tablets at the bedside
including languages other than English. Diversification of participants and music selections are
needed in RMLI studies in the United States where the majority of prior research examining
RMLI has focused on middle aged and older white participants (30-33). Beyond increasing the
generalizability of findings, inclusion of a more diverse sample of patients and unrestricted
music selections may also lead to improvements in outcomes and hospital experiences in racial
and ethnic minority populations who may experience unique psychological challenges associated
with hospitalization, have higher morbidity than their white counterparts and who have been
marginalized from past research (34-36).

Theoretical Framework:

This dissertation was informed by two theories, Florence Nightingale’s Theory of
Nursing (and the Environment) and Antonio Damasio’s Theory of Emotion, Feeling and Core
Consciousness (26, 37). Damasio believes that physical and emotional survival (homeostasis) is
dependent on the relationship between feelings (primary emotions), emotions (secondary

emotions) and consciousness (26). According to Damasio, (primary emotions originate in the in
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the body proper, secondary emotions originate in the brain and consciousness is developed in the
mind. The origins of primary emotions are from sensory stimuli which generate a series of
signals in the brain, and which act on the body proper. Secondary emotions represent a cerebral
(or brain based) analysis of feelings and other stimuli; they are in effect a neural map, a web of
interactions that develop in response to stimuli from the internal or external environment.
Applying Damasio's theory, music, a provocative sensory stimulus is processed in the mind and
informs the neural network responsible for emotions and feelings, thereby resulting in alterations
to both our conscious experience and our somatic state.

Fundamental tenets of Nightingale’s theory are that disease is a "reparative process" and
that environmental imbalances impair restoration of a state of wellness or balance within a
person often leading to extra suffering. Nightingale believes that nurses ought to assist this
reparative process by correcting imbalances surrounding the patient. In each of Nightingale’s
(1859/1980) recommendations, the patient is center, and great emphasis is placed on the
influence of the physical and psychological environment of the patient’s wellbeing. Like
Damasio, Nightingale recognized the effect of sensory input and memory on physical and
psychological wellbeing. Nightingale advocated for the use of music, as an environmental
stimulus to help restore mind and body balance. In Notes on Nursing, Nightingale also cautioned
against reliance on a singular symptom or sign to assess an individual’s wellbeing, explaining
that improved sleep may improve pain, delirium and anxiety (37).

The findings from this dissertation align well with both theories and are best illustrated in
the qualitative analysis. In that study, participants described a series of physical and emotional
responses to music stimuli based on their memories associated with their personally chosen

music. Participants explained that listening to music stimulated their minds through prior
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exposures (memories), and that this stimulation served as a trigger to awaken their mind into
consciousness. Once conscious, listening to music helped participants manage their thoughts
through reflection, distraction, and processing. Critically, participants described feeling that
music listening helped them to achieve cognitive, psychological and physical balance
(homeostasis). Some felt ‘music had saved their [sic] life’. Damasio’s and Nightingale’s Holism
also acknowledges the complex and integrated nature of the symptoms experienced by
participants in the qualitative study and support taking a wider view of the symptom experience
of critically ill, MV adults.

Limitations of the Research:

This dissertation has several limitations. First both the qualitative and quantitative
analyses were conducted with small samples, at a single site, limiting the generalizability of
findings from either study. The qualitative analysis was designed to be hypothesis generating,
and the findings may be specific to the individuals sampled or the setting in which they were
hospitalized. In the quantitative analysis, we examined the feasibility of a novel measurement.
While theoretically supported, this measure may not be reliable in such a confounded
environment. Therefore, findings from this dissertation should only be used to inform
future larger, multi center trials and should not be used to generalize to larger populations.
The clinical heterogeneity and diversity of music selections in these studies present another
limitation to the work. Similarly, the broad scope of the review and the heterogeneity of
outcomes and measurements, limited our ability to make any summary recommendations from
the analysis. This research was limited by time and personnel constraints, as all data collection
was completed by one person, in a short period of time. Finally, this research was conducted in a

critical care unit during the Covid-19 Pandemic. Patients hospitalized during the pandemic
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experienced extreme levels of separation due to strict visitation policies which may have
influenced the results. Patient screening, enrollment and implementation was also affected by
strained staffing resources and other restrictions related to infection control.

Implications for Research:

Findings from this dissertation can be used to support future research that expands the
symptoms of interest for RMLIs to include clinically meaningful outcomes as identified in the
qualitative study such as consciousness, distress, sleep, mood, incidence and severity of delirium,
cognitive impairment and acute stress. The lack of reliable physiological outcome measures also
highlights the need for further research to identify potential biomarkers for response to RMLI in
critical care. The wide variety of music selections in our small, but diverse sample of patients
challenges prior recommendations that limit the tempo, mood and genre of music selections in
critical care. Future studies that examine the varied types of music in selections made by diverse
samples will contribute to growing understandings of how people benefit from listening to music
during critical care hospitalization.

Implications for Practice:

This research indicates that recorded RMLIs are an acceptable, feasible tool for nurses to
use to improve the symptom experience of MV adults during critical care hospitalization. As an
adjunctive intervention, playing recorded music may help nurses to reduce overall medication
use while maintaining adequate relief of pain and anxiety. Importantly, RMLI are a low-risk tool
to help manage other co-occurring symptoms not amenable to medications such as sleep,
delirium, fear and depression. Nurses can initiate music listening even when patients are sedated,
which has been identified by nurses as a barrier to implementation of cognitive stimulation in

ICU (38). Engaging families to help choose music for patients unable to communicate is also a
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patient and family centered practice that can increase communication and empowerment of
patients and their families during critical care hospitalization, which may reduce length of stay,
incidence of delirium and post-intensive care syndrome (39). Seeking patient and family
participation in health care is an important step towards building an equitable and culturally
humble practice (40, 41). Culturally humble care which is informed by cultural identity, personal
preferences, history and context may also help to reduce health inequities and restore health after
injury (42).

Conclusion:

The morbidity associated with the symptoms experienced during MV makes it an
imperative to expand the access and use of non-pharmacologic interventions for adults during
critical care hospitalization. Listening to preferred, personally selected music represents a safe,
equitable intervention that is likely to be of benefit for the management of common
psychological and cognitive symptoms not amenable to traditional medical interventions. Future
studies that use validated instruments and clinically meaningful outcomes will provide scientific
justification for the use of RMLI and to contribute to the understanding of the mechanism of

action of RMLI.
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