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IMPORTANCE An estimated 70% to 80% of older adults develop delirium in the intensive
care unit (ICU).

OBJECTIVE To determine if a slow-tempo music (60-80 beats/min) listening intervention
decreases delirium duration, delirium severity, pain, or anxiety in older adults undergoing
mechanical ventilation.

DESIGN, SETTING, AND PARTICIPANTS This multicenter randomized clinical trial with concealed
outcomes assessments was conducted in older adults undergoing mechanical ventilation
from February 2020 to December 2023. Patients were enrolled from the ICUs of 2 hospitals
affiliated with the Indiana University School of Medicine and from the Mayo Clinic in
Rochester, Minnesota.

INTERVENTION A music intervention comprising classical and contemporary tracks, delivered
twice daily through noise-canceling headphones and tablets for up to 7 days, was compared
to active control listening to a silence track delivered under identical conditions.

MAIN OUTCOMES AND MEASURES The primary outcome was delirium/coma-free days during
the 7-day intervention period assessed by the Confusion Assessment Method for the ICU
(CAM-ICU) and the Richmond Agitation-Sedation Scale. The secondary outcomes were
delirium severity assessed by the CAM-ICU-7, pain assessed by the Critical Care Pain
Observation Tool, and anxiety assessed by the visual analog scale for anxiety (VAS-A).

RESULTS A total of 158 patients were randomized (mean [SD] age, 68 (9.2) years; 72 [45.5%]
female and 86 [54.4%] male). In an intention-to-treat analysis, no differences were found in
the number of delirium/coma-free days in the music intervention group compared with
control (median [IQR] days, 2.5 [0-5] vs 3 [0-5]; P = .66). There were also no statistically
significant differences in the mean CAM-ICU-7 scores, mean pain scores, or mean VAS-A
scores over the 7-day intervention period. By end of the 7-day period, both music
intervention and control groups had similar mean (SD) CAM-ICU-7 scores (2.72 [2.80]
vs 2.56 [2.72]), Critical Care Pain Observation Tool scores (0.20 [0.55] vs 0.61 [1.29]),
and VAS-A scores (43.6 [24.7] vs 28.8 [38.4]).

CONCLUSIONS AND RELEVANCE In this randomized clinical trial among older adults undergoing
mechanical ventilation, a slow-tempo music intervention did not demonstrate a statistically
significant decrease in delirium duration, delirium severity, pain, or anxiety symptoms.
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E ach year, 2 million to 3 million critically ill adults in
the US receive mechanical ventilation, and up to 80%
of them develop intensive care unit (ICU) delirium,1-6

associated with longer ICU and hospital stays, increased in-
patient mortality, elevated costs of care, and long-term cog-
nitive impairment.6-12 Over the years, pharmacological
strategies have failed to demonstrate efficacy in preventing
or treating ICU delirium,13-15 and receipt of certain anxiolyt-
ics and sedatives further predispose patients to delirium.16

In the absence of safe and efficacious pharmacological op-
tions, nonpharmacological interventions that comanage
pain and anxiety, potentially reducing exposure to harm-
ful sedatives, hold promise in decreasing the burden of
delirium.17,18

Music is one such intervention that could decrease ICU
delirium by mitigating predisposing factors such as anxiety,
stress, and pain.19-22 Based on systematic reviews, relaxing
slow-tempo music (60-80 beats/min) results in a reduction in
inflammatory cytokines, decreases cortisol production, damp-
ens sympathetic nervous system arousal, and promotes relax-
ation through entertainment, thereby acting on multiple
pathways implicated in delirium.23,24 A music intervention
consisting of patient-directed slow-tempo music delivered
during mechanical ventilator support demonstrated efficacy
in reducing anxiety and sedative exposure.25 We previously
showed acceptability and feasibility of a music-listening
intervention among patients undergoing mechanical
ventilation in the ICU, testing 2 music interventions (patient
preferred vs slow tempo) against an audiobook attention
control.26

Building on our prior experience, along with consider-
ation of music’s neurobiological effects, we designed a mul-
ticenter, 2-arm, randomized clinical trial with concealed
outcome assessments to assess the efficacy of a relaxing,
slow-tempo (60-80 beats/min) music-listening intervention
compared to a silence-only control in decreasing delirium
among older adults undergoing mechanical ventilation
in the ICU. We hypothesized that patients randomized to
music would have a higher number of delirium/coma-free
days (DCFDs), lower delirium severity, and improved pain and
anxiety symptoms.

Methods
Study Setting and Eligibility
From February 2020 to December 2023, older adults admit-
ted to the ICU services of 2 Indianapolis, Indiana, hospitals
affiliated with the Indiana University School of Medicine and
from the Mayo Clinic in Rochester, Minnesota, were
enrolled. Inclusion criteria were (1) age of 50 years or older,
(2) English speaking, (3) anticipated mechanical ventilation
for at least 48 hours, and (4) presence of a legally authorized
representative. Exclusion criteria were (1) history of neuro-
degenerative diseases such as Alzheimer disease or vascular
dementia, (2) severe psychiatric illness, (3) alcohol with-
drawal, (4) drug intoxication/overdose, (5) acute neurologic
injury (traumatic brain injury, ischemic or hemorrhagic cere-

brovascular accident, or undergoing neurosurgery), (6)
uncorrected hearing or vision impairment, (7) incarcerated,
(8) enrollment in another study that does not permit
co-enrollment, (9) conditions precluding safe use of head-
phones (skin breakdown, burns, or facial or skull fractures),
or (10) comfort care/hospice or imminent death.

The institutional review board at Indiana University ap-
proved the study, and patients’ legally authorized represen-
tatives provided written informed consent. A detailed descrip-
tion of the trial protocol has been published previously (key
details in Supplement 1).27 We followed the Consolidated
Standards of Reporting Trials (CONSORT) reporting guidelines
for randomized clinical trials.28

Randomization
Research staff reviewed the electronic health records of pa-
tients in the ICU daily for eligibility. Eligible patients’ legally
authorized representatives were approached, and patients were
enrolled within 72 hours of ICU admission. Randomization oc-
curred in a 1:1 ratio between the intervention and control groups
using a computer-generated allocation in random blocks
of 2 and 4 stratified by enrollment site. Apart from the pa-
tient, all study personnel and clinical staff remained blinded
to each patient’s intervention assignment.

Music Intervention
Patients received twice daily 1-hour slow-tempo music-
listening sessions initiated between 9 and 11 AM and from 12
to 4 PM. The intervention was delivered via study iPad tablets
(Apple) loaded with Soundese, a music delivery application
(app) developed by our team, and active noise-canceling head-
phones enabled by Bluetooth wireless technology. The app
contained playlists (offering 408 classical and contemporary
relaxing tracks without lyrics or spoken words) created by a
board-certified music therapist (A.H.) at the trial’s inception
and used in our previous studies.25,26,29 Each patient re-
ceived identical playlists, which began with music at a fre-
quency of 80 beats/min and transitioned down to pieces at
60 beats/min.30

Attention Control
During time windows identical to the music arm, control
patients received twice-daily 1-hour sessions with a silence

Key Points
Question Among critically ill, mechanically ventilated older adults
in the intensive care unit, does a music-listening intervention
reduce delirium, pain, or anxiety?

Findings In this randomized clinical trial of 158 mechanically
ventilated older adults, a twice-daily music intervention delivered
via noise-canceling headphones and tablets for up to 7 days did
not demonstrate a statistically significant decrease in delirium
duration, delirium severity, pain, or anxiety.

Meaning A music-listening intervention did not improve delirium,
pain, or anxiety among critically ill older adults.
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track delivered through the tablets and noise-canceling head-
phones. Music or control sessions were discontinued after the
7-day intervention period or at ICU discharge, whichever oc-
curred first. Patients received clinical care for delirium based
on their primary team’s discretion.

Process Measures
Research staff monitored listening sessions and recorded ad-
herence data for each session (ie, start/stop times, missed or
incomplete sessions). Detailed intervention and attention con-
trol adherence data were captured through the app, which de-
livered the assigned, blinded listening intervention (music or
silence track) to each research subject and automatically col-
lected usage data on music/silence tracks programmed into
the device’s playlists (eMethods in Supplement 2).30

Outcome Measures
DCFDs
DCFDs, defined as the number of days that a patient was alive
and free of delirium and coma over the 7-day study period,
comprised the primary outcome of the trial. DCFDs were com-
puted similar to other delirium trials,13,31 as detailed in the
eMethods in Supplement 2. We used the Confusion Assess-
ment Method for the ICU (CAM-ICU)32 and the Richmond Agi-
tation-Sedation Scale (RASS)33 for assessment of delirium and
coma, respectively. Patients with a RASS score of −4 or −5 with
lack of response to verbal or physical stimuli were character-
ized as comatose and ineligible for CAM-ICU assessments.
Patients with a RASS score of −3 to 4 were considered eligible
for CAM-ICU assessments.

Delirium Severity
Delirium severity was assessed using the CAM-ICU-7, a scale
from 0 to 7 derived from RASS and CAM-ICU, with higher
scores indicating greater delirium severity.34 For RASS scores
of −4 or −5, a CAM-ICU-7 score of 7 was assigned, consistent
with methodology used in the validation of CAM-ICU-7.34

Pain
Pain was assessed using the Critical Care Pain Observation Tool
(CPOT), a valid and reliable instrument in critically ill pa-
tients with and without delirium.35,36 Total CPOT scores range
from 0 to 8, with higher scores indicating more pain.

Anxiety
Anxiety was collected using a 100-mm visual analog scale for
anxiety (VAS-A).37 The scale was presented vertically and an-
chored on the ends by 0, indicating not anxious at all, and 100,
indicating most anxious ever.

Trained research staff blinded to patients’ randomization
status performed twice-daily RASS, CAM-ICU, CAM-ICU-7,
CPOT, and VAS-A assessments immediately after each listen-
ing session (AM and PM) during the intervention period. For pa-
tients transferred out of the ICU prior to day 7 and no longer
eligible for music or control doses, research staff continued to
assess outcome measures twice daily (AM and PM) until study
day 7 or withdrawal, death, or hospital discharge, whichever
occurred first.

Other Data Collection
We assessed pre-ICU cognition using Informant Question-
naire on Cognitive Decline in the Elderly38 and pre-ICU func-
tional status using Katz and Lawton scales.39,40 Demograph-
ics (including sex and race and ethnicity [Black or African
American, Hispanic or Latino, Native Hawaiian or Other Pa-
cific Islander, or White]) were obtained as self-reported in the
electronic medical record. Comorbidities and ICU severity
of illness were assessed using Charlson Comorbidity Index41

and Acute Physiology and Chronic Health Evaluation,42,43 re-
spectively. Daily ICU variables including sedatives and clini-
cal outcomes were collected as detailed in the eMethods in
Supplement 2.

Safety
Adverse events were collected regularly and reviewed by an
independent safety officer.

Sample-Size Calculation
Sample size was based on the pilot data, where the slow-
tempo music intervention group had higher DCFDs than the
control group, with estimated effect size of 0.52.26 We esti-
mated that 128 total patients with complete data were needed
to detect an effect size of 0.5 SD or higher using 2-sample t test
at α = .05. Allowing an attrition rate of up to 20% by day 7, we
aimed to enroll 160 total patients (80 per group). Details of the
sample size and power calculations for the secondary aims were
published previously and are provided in Supplement 1.27

Statistical Analysis
We compared demographic characteristics (age, sex, race and
ethnicity, and levels of education) and illness severity be-
tween the intervention and control groups using 2-sample
t tests for continuous variables and χ2 tests for categorical
variables. We used an intention-to-treat approach in analy-
ses. For the primary aim, DCFDs by day 7 postrandomization
were compared using analysis of covariance models with log
(DCFDs +1) as the dependent variable and group (interven-
tion vs control) as the independent variable while adjusting
for the randomization stratification variable (hospital site).

Mixed-effects models were used to compare delirium se-
verity (CAM-ICU-7), pain (CPOT), and anxiety scores (VAS-A)
measured twice daily from randomization to day 7, time of
death, or discharge. Group, time, and group and time interac-
tions were included as independent variables while adjusting
for hospital site (stratification variable). Unstructured variance-
covariance structures were used in the mixed-effects models
to adjust for within-person correlations over time.

Analysis of covariance models were used to compare log-
transformed duration of mechanical ventilation and length of
stay, adjusting for site. Logistic regression models were used
for comparing mortality rates and percentages of patients dis-
charged home, adjusting for site. Per-protocol analyses were
conducted in patients who had completed at least 7 sessions.
Sensitivity analyses were conducted in subsets of patients who
did not have coma on day 1 and in those who received benzo-
diazepines. In addition, we also conducted sensitivity analy-
ses using mixed-effects models with CAM-ICU-7, CPOT, and
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VAS-A collected in the morning and afternoon, with time of
the day as an additional independent variable. The mixed-
effects models we used for secondary outcomes were unbi-
ased under the missing-at-random assumption. We com-
pared baseline characteristics between patients who withdrew
before day 7 and those who completed study protocol to ex-
amine whether there were potential violations to the missing-
at-random assumption.

All analyses were conducted using SAS, version 9.4 (SAS
Institute). All statistical tests were 2-sided with P < .05 con-
sidered statistically significant.

Results
Patient Characteristics
A total of 790 older adults in the ICU were found eligible, and
160 were enrolled (Figure 1). One patient was found ineligible
prior to randomization, thus 159 patients were randomized
(79 to the music intervention vs 80 to control). One patient was
found ineligible after randomization; therefore, 158 older adults
(79 per arm) were included in the intention-to-treat analysis
(Figure 1).

The mean (SD) age of the patients was 68 (9.2) years, 72
(45.5%) were female while 86 (54.4%) were male, and 30
(19.0%) were Black or African American, 1 (0.1%) was His-
panic or Latino, 1 (0.1%) was Native Hawaiian or Other Pacific
Islander, and 121 (76.6%) were White. Patients had a median
(IQR) Charlson Comorbidity Index of 3 (1-4). Both music and
control groups had similar demographics, comorbidities, and
pre-ICU cognitive and functional status (Table 1). Patients in
both music and control groups had similar median (IQR) Acute
Physiology and Chronic Health Evaluation scores (31 [26-36]
vs 30 [25-35]), rates of shock requiring vasopressors (54 [68.4%]

vs 54 [68.4%]), and severity of lung injury (median [IQR] PaO2:
FIO2, 202 [132-205] vs 198 [128-287]), as shown in Table 1. Base-
line clinical characteristics of enrolled patients by study site
are shown in eTable 1 in Supplement 2.

Outcomes
There were no statistically significant differences between the
music and control groups in the primary outcome of DCFDs
(Table 2 and Figure 2). The median (IQR) number of DCFDs
were 2.5 (0-5) in the music group and 3 (0-5) in the control
group (mean difference in log-transformed outcome, 0.00;
95% CI, −1.77 to 1.77; P = .66). There were also no statistically
significant between-group differences in any of the second-
ary outcomes. Over the 7 days, no statistically significant dif-
ferences in changes of delirium severity, pain, or anxiety were
observed (Table 2 and Figure 2). By the end of the interven-
tion, both music and control groups had similar mean (SD)
CAM-ICU-7 scores (2.72 [2.80] vs 2.56 [2.72]; mean differ-
ence in change from baseline, −0.27; 95% CI, −1.39 to 0.84),
CPOT scores (0.20 [0.55] vs 0.61 [1.29]; mean difference in
change from baseline, 0.50; 95% CI, −0.17 to 1.16), and VAS-A
scores (43.6 [24.7] vs 28.8 [38.4]; mean difference in change
from baseline, −23.00; 95% CI, −69.29 to 23.29), as shown in
Table 2. There was not a statistically significant difference in
the duration of mechanical ventilation, ICU, and hospital days
postrandomization; rates of discharge home; and in-hospital
mortality between groups (Table 2).

Process Measures
The app delivered 281 tracks of contemporary (222 [79.0%])
and classical (59 [21.0%]) slow-tempo music in the interven-
tion arm (see the eMethods in Supplement 2 for detail on the
playlist design). The median (IQR) hours from ICU admission
to first dose were similar in both music and control arms (42.4

Figure 1. CONSORT Diagram

790 Older adults who were mechanically ventilated
admitted to the intensive care unit screened 

630 Excluded
404 Declined to participate

4 Other reasons

216 Unable to contact legally 
authorized representative

6 Transferred or discharged

159 Randomizedb

80 Randomized to controlc

14 Withdrew within the first 7 d of the study
79 Received allocated intervention

79 Randomized to music interventionc

79 Received allocated intervention
13 Withdrew within the first 7 d of the study

160 Enrolled in trial

1 Excluded because of ineligibilitya

7 Died within the first 7 d of the study
1 Determined to be ineligible
10 Died within the first 7 d of the study

79 Included in primary intention-to-treat analysisd 79 Included in primary intention-to-treat analysisd

aParticipant was found to be ineligible
after enrollment/randomization.
bRandomization was stratified by
enrollment (hospital) site.
cParticipants in the music
intervention group received
slow-tempo music (60-80
beats/min), while participants in the
control group received a silence
track.
dAll randomized patients were
analyzed according to treatment
group, with mixed-effects models.
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[29.1-65.5] vs 42.3 [25.2-62.7]; P = .83). A median (IQR) of 65.5%
(50.0%-84.6%) of eligible sessions were delivered in the mu-
sic arm vs 66.7% (33.3%-84.6%) of eligible sessions in the con-
trol arm. In the intervention arm, 78 patients (98.7%) re-
ceived at least 1 music dose vs 76 (96.2%) in the control arm.
eFigure 1 in Supplement 2 shows the number of patients re-
ceiving 0, 1, or 2 listening sessions each day over the 7-day study

period (see eTable 2 in Supplement 2 for the number of pa-
tients receiving listening sessions each day along with rea-
sons for attrition and missed sessions). A total of 441 (95.5%)
morning listening sessions were initiated between 9 and 11 AM,
and 436 (96.5%) afternoon listening sessions were initiated
between 12 to 4 PM. The mean (SD) listening duration per pa-
tient was 312 (231) minutes over 3.6 (2.2) days in the interven-

Table 1. Patients’ Baseline Characteristics

Characteristic

No. (%)
Music intervention
(n = 79)a Control (n = 79)b

Age, mean (SD), y 67.6 (9.1) 68.3 (9.3)

Sex

Female 34 (43.0) 38 (48.1)

Male 45 (57.0) 41 (51.9)

Race

Black or African American 15 (20.0) 15 (19.5)

Native Hawaiian or Other Pacific Islander 1 (1.3) 0

White 59 (78.7) 62 (80.5)

Ethnicity

Hispanic or Latino 1 (1.3) 0

Not Hispanic or Latino 75 (98.7) 78 (100)

Years of education, mean (SD) 13.3 (2.6) 12.9 (2.7)

Charlson Comorbidity Index, median (IQR) 2 (1-4) 3 (2-5)

Pre-ICU cognitive and functional status

IQCODE, mean (SD) 3.2 (0.3) 3.2 (0.5)

Activities of daily living, median (IQR)c 6 (6-6) 6 (5-6)

Instrumental activities of daily living, median (IQR)d 8 (6-8) 8 (6-8)

Insurance

Medicare/private 17 (21.5) 13 (16.5)

Medicare 16 (20.2) 16 (20.2)

Medicaid/Medicare 10 (12.7) 11 (13.9)

Medicaid 8 (10.1) 10 (12.7)

Other (government, private, or none) 12 (15.2) 15 (18.9)

Severity of illness by APACHE II score, median (IQR)e 31 (26-36) 30 (25-35)

Primary admission diagnoses

Acute respiratory failure 41 (51.9) 40 (50.6)

Sepsis or shock 12 (15.2) 16 (20.2)

Cardiac (including heart failure and cardiac arrest) 10 (12.7) 10 (12.7)

Postoperative or trauma 11 (13.9) 7 (10.1)

Other (gastrointestinal, metabolic, endocrine, or neurological) 5 (6.3) 6 (7.6)

Cause of respiratory failure

Sepsis/shock 32 (40.5) 32 (40.5)

Cardiac 12 (15.2) 14 (17.7)

Surgical/postoperative or trauma 11 (13.9) 6 (7.6)

Primary pulmonary cause (ARDS, acute lung injury,
exacerbation of chronic lung disease, or airway obstruction)

21 (26.6) 22 (27.8)

Other (including metabolic, endocrine, kidney failure,
or neurological)

5 (6.3) 7 (8.9)

Shock requiring vasopressors 54 (68.4) 54 (68.4)

Invasive mechanical ventilation 79 (100) 79 (100)

PaO2:FIO2 ratio, median (IQR) 202 (132-205) 198 (128-287)

Primary service

Medical ICU 57 (73.1) 62 (78.5)

Surgical ICU 21 (26.9) 17 (21.5)

Abbreviations: ARDS, acute
respiratory distress syndrome;
APACHE II, Acute Physiology and
Chronic Health Evaluation II;
ICU, intensive care unit;
IQCODE, Informant Questionnaire on
Cognitive Decline in the Elderly.
a Slow-tempo relaxing music

(60-80 beats/min).
b Silence-track attention control.
c Assessed by Katz scale.
d Assessed by Lawton scale.
e Calculated using variables from

admission to the ICU.
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tion arm vs 279 (271) minutes over 3.1 (2.2) days in the control
arm (P = .10).

Figure 2 provides the distribution of daily RASS scores
per treatment group over the 7-day study period. eFigure 2

Table 2. Comparison of Patient Outcomes by Study Groups During the 7-Day Intervention Period

Outcome

Music intervention Control
Between-group differences
(95% CI) P valueNo. Summary statistic No. Summary statistic

Primary outcomea

Delirium/coma-free days, median (IQR)b 78c 2.5 (0-5) 79 3 (0-5) 0.00 (−1.77 to 1.77) .66

Secondary outcomesa

Delirium severity by CAM-ICU-7, mean (SD)d .99

Day 1 68e 5.43 (2.35) 67e 5.79 (2.16) NA NA

Day 2 67 4.77 (2.35) 67 5.51 (2.18) 0.11 (−0.53 to 0.74) .75

Day 3 62 4.10 (2.55) 65 4.45 (2.61) −0.06 (−0.91 to 0.78) .78

Day 4 56 3.54 (2.75) 55 3.95 (2.72) −0.11 (−1.14 to 0.92) .84

Day 5 47 2.78 (2.70) 52 3.27 (2.83) −0.13 (−1.19 to 0.92) .80

Day 6 45 2.73 (2.73) 44 3.49 (2.94) −0.13 (−1.19 to 0.94) .81

Day 7 43 2.72 (2.80) 42 2.56 (2.72) −0.27 (−1.39 to 0.84) .63

Pain by CPOT, mean (SD)f .67

Day 1 67e 0.42 (0.94) 66e 0.30 (0.72) NA NA

Day 2 67 0.34 (0.85) 62 0.34 (0.83) 0.12 (−0.18 to 0.41) .43

Day 3 52 0.32 (0.82) 50 0.21 (0.47) 0.04 (−0.33 to 0.40) .85

Day 4 44 0.51 (0.87) 43 0.31 (0.65) −0.05 (−0.44 to 0.35) .81

Day 5 31 0.44 (0.91) 32 0.31 (0.64) −0.01 (−0.40 to 0.38) .96

Day 6 24 0.17 (0.48) 26 0.25 (0.47) 0.20 (−0.16 to 0.55) .28

Day 7 22 0.20 (0.55) 19 0.61 (1.29) 0.50 (−0.17 to 1.16) .14

Anxiety by VAS-A, mean (SD)g .33

Day 1 16 40.56 (34.41) 8 43.13 (33.77) NA NA

Day 2 25 38.40 (33.49) 17 38.82 (34.81) −1.42 (−32.86 to 30.03) .93

Day 3 25 39.38 (37.45) 19 35.39 (38.28) −9.79 (−44.00 to 24.38) .57

Day 4 21 37.86 (36.36) 15 39.50 (33.31) −9.92 (−46.11 to 26.27) .59

Day 5 16 25.72 (30.23) 13 53.50 (38.97) 21.58 (−16.44 to 59.60) .26

Day 6 11 34.36 (35.40) 10 37.80 (44.57) −2.77 (−43.72 to 38.18) .89

Day 7 8 43.63 (24.67) 6 28.83 (38.40) −23.00 (−69.29 to 23.29) .33

Clinical outcomesh

Duration of mechanical ventilation, median (IQR), h 66 95.4 (58.5 to 216.5) 63 105.3 (61.2 to 205.4) −21.87 (−54.88 to 11.15) .88

Length of ICU stay, median (IQR), d 66 7.0 (4.9 to 12.5) 63 7.2 (4.2 to 12.5) 0.40 (−1.90 to 2.70) .98

Length of hospital stay, median (IQR), d 66 14.5 (9 to 25) 63 13 (9 to 23) 1.00 (−4.13 to 6.14) .76

In-hospital mortality, No. (%) 66 14 (21.2) 63 18 (28.6) 0.65 (0.29 to 1.48) .31

Discharged home, No. (%) 66 24 (36.4) 63 14 (22.2) 2.00 (0.90 to 4.43) .09

Abbreviations: CAM-ICU-7, Confusion Assessment Method for the Intensive
Care Unit 7-point scale; CPOT, Critical Care Pain Observation Tool; ICU, intensive
care unit; NA, not applicable; VAS-A, visual analog scale for anxiety.
a Delirium/coma-free days by day 7 postrandomization was compared using an

analysis of covariance model with log (delirium/coma-free days +1) as the
dependent variable and group (intervention vs control) as the independent
variable while adjusting for the randomization stratification variable (hospital
site). Mixed-effects models were used to compare delirium severity
(CAM-ICU-7), pain (CPOT), and anxiety scores (VAS-A) averaged daily from
randomization to day 7 with group, time, and group and time interactions
included as independent variables while adjusting for hospital site
(stratification variable). For the longitudinal outcomes, between-group
differences include the mean differences in change from day 1. For the
variables reported using medians, between-group differences were calculated
at the median point using quantile regression. For binary outcomes,
between-group differences were calculated as odds ratios using logistic
regression.

b Delirium/coma-free days were assessed twice daily postintervention by the
CAM-ICU and the Richmond Agitation-Sedation Scale.

c Delirium and coma data were missing for 1 patient due to withdrawal prior to
the first delirium assessment.

d CAM-ICU-7 scores were assessed twice daily postintervention and range from
0 to 7, with higher scores indicating higher severity of delirium.

e Number of patients providing assessments on day 1 reflects refusals,
withdrawals, death, or discharge.

f CPOT, assessed twice daily postintervention, ranges from 0 to 8, with higher
scores indicating greater pain.

g VAS-A was obtained twice daily and ranges from 0 to 100 mm, presented to
the patient on a vertical Likert scale like a thermometer. Higher VAS-A scores
indicate greater anxiety state. VAS-A assessments were missing from
participants who were unable to participate in the assessment.

h Clinical outcomes for ICU admission were censored at withdrawal, death or
discharge, or 28-day follow-up in the hospital. Analysis of covariance models
were used to compare log-transformed duration of mechanical ventilation and
length of stay, adjusting for site. Logistic regression models were used for
comparing mortality rates and percentages of patients discharged home,
adjusting for site.
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Figure 2. Primary and Secondary Outcomes Over the 7-Day Study Period
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in Supplement 2 shows the number of patients receiving 0, 1,
or 2 RASS and CAM-ICU assessments each day over the 7-day
study period. The number of patients assessed for RASS and
CAM-ICU each day along with daily attrition is shown in
eTable 3 in Supplement 2. Reasons for any missed assess-
ments (RASS, CAM-ICU, CPOT, or VAS-A) are also shown
in eTable 3 in Supplement 2. In patients randomized to
music, there was a median (IQR) of 69.2% (50.0%-84.6%)
of eligible RASS and CAM-ICU assessments for the 7-day
study period, and a median (IQR) of 69.2% (50.0%-84.6%) of
RASS and CAM-ICU assessments for patients randomized to
control. A total of 436 (97.8%) morning CAM-ICU assess-
ments were conducted between the hours of 9 and 11 AM,
and 524 (96.7%) afternoon CAM-ICU assessments between
12 to 4 PM.

Exposure to opioids and sedatives was similar among
patients in both the music and control groups postrandom-
ization (opioids: 74 [93.7%] vs 78 [98.7%]; P = .21; benzodi-
azepines: 30 [38.0%] vs 38 [48.1%]; P = .26; propofol: 14
[17.7%] vs 13 [16.5%]; P > .99); dexmedetomidine: 39
[49.4%] vs 45 [57.0%]; P = .42; Table 3). The exposure to ket-
amine and antipsychotic medications was also similar
(Table 3). Patients in both arms received similar components
of the ABCDEF protocol each day over the 7-day period
(eTable 4 in Supplement 2).

Adverse Events
Rates of serious adverse events did not differ between groups
(eTable 5 in Supplement 2).

Post Hoc Analyses
There were no statistically significant differences in daily dis-
tribution of RASS scores (eTable 6 in Supplement 2) or distri-
bution of coma/delirium vs normal cognitive status between
the 2 groups (eFigure 3 in Supplement 2), although patients
in the music arm tended to have higher RASS scores and less
experience of coma on day 3 of intervention. The median (IQR)
daily RASS scores per arm among patients receiving a listen-
ing session on that study day are shown in eTable 7 in Supple-
ment 2. The lowest median (IQR) RASS score in both arms was
−3 (−5 to 1) and occurred only on study day 1 (eTable 7 in Supple-
ment 2). In a sensitivity analysis restricted to patients who
did not experience coma on study day 1, there was no statis-
tically significant effect of the intervention vs control on me-
dian (IQR) DCFDs over 7 days (4 [1-6] days vs 4 [3-6] days;
P = .11; eTable 8 in Supplement 2). Among patients who re-
ceived benzodiazepines, those randomized to music had
greater median (IQR) DCFDs compared to control, though this
did not reach statistical significance (4 [0-6] vs 1 [0-4]; P = .13;
eTable 9 in Supplement 2).

Delirium was present among 56 patients (78.9%) in the
music arm and 55 (83.3%) in the control arm (P = .52). There
were no statistically significant differences in duration of coma
or duration of hypoactive or hyperactive delirium between the
2 groups (eTable 10 in Supplement 2). There were no statisti-
cally significant differences in mean CAM-ICU-7, CPOT, or
VAS-A scores between the 2 groups over the intervention pe-
riod (eTable 10 in Supplement 2).

There were no statistically significant differences in de-
lirium severity, pain, or anxiety by study group between morn-
ing vs afternoon assessments during the intervention period
(eTable 11 in Supplement 2). Patients who withdrew during the
intervention period had characteristics similar to those who
completed the study protocol (eTable 12 in Supplement 2).
A per protocol analysis of patients receiving 7 or more listen-
ing sessions showed a trend toward higher median (IQR) of
DCFDs in the music arm compared with control, though it was
not statistically significant (2 [0-4] vs 0.5 [0-2]; P = .08;
eTable 13 in Supplement 2).

Discussion
In this multicenter RCT with concealed outcomes assess-
ments among older adults undergoing mechanical ventila-
tion in the ICU, a slow-tempo music-listening intervention
delivered through tablets and noise-canceling headphones
did not result in a statistically significant improvement in the
number of DCFDs or delirium severity compared to a silence-
track listening control. These findings add to the existing
negative literature of large, albeit pharmacological, trials to
improve delirium in critically ill patients, showing no effect on
days alive without delirium or coma.13,14,44 Although a recent
meta-analysis45 reported lower rates of postoperative de-
lirium in participants randomized to music,46 this trial did not
demonstrate improved delirium outcomes in critically ill older
adults at high risk for delirium.

Music intervention in prior studies has been shown to re-
duce pain and anxiety, especially in perioperative settings,20,47

effects presumed to be modulated through changes in circu-
lating levels of β-endorphin.48 A Cochrane review demon-
strated that music has both analgesic and anxiolytic effects.19

In a trial among adults undergoing mechanical ventilation,
listening to patient-preferred slow-tempo music meaning-
fully reduced anxiety.25 By managing pain and anxiety symp-
toms, we hypothesized that music may potentially reduce ex-
posure to high amounts of opioids and sedatives, thereby
ameliorating 2 risk factors directly implicated in delirium
development.49,50 The present trial did not show statistically
significant effects of music on pain, anxiety, or medication ex-
posure. Compared to postoperative settings where pain is the
predominant actionable focus, patients in the ICU receive
bundles of care and judicious analgesics/sedatives. Whether
sedatives may dilute the effects of music intervention on de-
lirium, pain, and anxiety needs further exploration. In the trial
where a beneficial effect on anxiety was observed,25 music in-
tervention was delivered later in the ICU course once patients
were awake and able to participate in self-initiated, individu-
alized music intervention, guided by a board-certified music
therapist. This contrasts with the present trial, where a pre-
selected, prescribed music intervention was started within
72 hours of the ICU admission and delivered through head-
phones with minimal therapist interaction.

Delirium pathophysiology is not completely understood,
but inflammation and disruption of brain functional
networks have been implicated as inciting factors in its
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development.23,51,52 Music listening has shown to improve cog-
nition through improved attention, restoring functional neu-
ral networks and mitigating network dysconnectivity, all of
which are disrupted in delirium.53-55 However, based on these
trial results, beneficial effects of music at the doses tested

herein may not be realized in the ICU. Future studies in elec-
tive preoperative and postoperative settings, incorporating
electroencephalography or other biological measures, may
better elucidate the biological effects of music on delirium.
The present per-protocol results suggest that patients who re-

Table 3. Exposure to Analgesics, Sedatives, and Antipsychotics During the 7-Day Intervention Period

Medication

Prerandomizationa Postrandomizationb

Music intervention
(n = 79) Control (n = 79) P value

Music intervention
(n = 79) Control (n = 79) P value

Opioidsc

Patients received ≥1 dose, No. (%) 67 (84.8) 66 (83.5) >.99 74 (93.7) 78 (98.7) .21

Duration exposed, median (IQR), d 2 (1-2) 2 (1-3) .53 4 (2-6) 4 (2-7) .77

Median daily dose (IQR), μgd 236 (53-344) 221 (103-392) .49 193 (51-345) 192 (49-301) .88

Cumulative dose, median (IQR), μgd 325 (70-761) 386 (131-874) .39 634 (195-1350) 603 (137-1681) .85

Benzodiazepinese

Patients received ≥1 dose, No. (%) 41 (51.9) 31 (39.2) .15 30 (38.0) 38 (48.1) .26

Duration exposed, median (IQR), d 1 (1-1) 1 (1-1) .59 1.5 (1-3) 1.5 (1-2) .43

Median daily dose (IQR), mgd 2 (1-3) 2 (1-4) .35 2.2 (1-3) 1.7 (1-3) .52

Cumulative dose, median (IQR), mgd 2 (1-3.5) 2.5 (1-4) .41 4.5 (1-8.5) 3 (1-5) .42

Propofol

Patients received ≥1 dose, No. (%) 21 (26.6) 21 (26.6) >.99 14 (17.7) 13 (16.5) >.99

Duration exposed, median (IQR), d 1 (1-1) 1 (1-1) >.99 1 (1-2) 1 (1-1) .16

Median daily dose (IQR), mgd 60 (20-120) 80 (30-110) .69 52 (20-100) 50 (30-110) >.99

Cumulative dose, median (IQR), mgd 60 (20-120) 80 (30-110) .63 65 (20-160) 50 (30-130) .61

Dexmedetomidine

Patients received ≥1 dose, No. (%) 21 (26.6) 21 (26.6) >.99 39 (49.4) 45 (57.0) .43

Duration exposed, median (IQR), d 1 (1-2) 1 (1-2) >.99 2 (2-4) 2 (1-3) .36

Median daily dose (IQR), μgd 304 (177-777) 475 (127-851) .94 643 (287-940) 732 (433-945) .65

Cumulative dose, median (IQR), μgd 361 (197-1327) 649 (127-1222) .84 1432 (487-4370) 1665 (566-2831) .64

Ketamine

Patients received ≥1 dose, No. (%) 8 (10.1) 1 (1.3) .03 7 (8.9) 7 (8.9) >.99

Duration exposed, median (IQR), d 1 (1-1.5) 2 (2-2) .36 2 (1-3) 2 (1-4) .74

Median daily dose (IQR), mgd 3881 (388-4263) 1566 (1566-1566) .85 1232 (379-6061) 1015 (415-4051) >.99

Cumulative dose, median (IQR), mgd 3881 (388-4263) 3133 (3133-3133)f .85 2013 (757-18 185) 4220 (1196-7780) >.99

Quetiapine

Patients received ≥1 dose, No. (%) 2 (2.5) 0 .497 6 (7.6) 5 (6.3) >.99

Duration exposed, median (IQR), d 1.5 (1-2) NA NA 3 (3-4) 2 (2-3) .35

Median daily dose (IQR), mgd 100 (100-100) NA NA 79.2 (66.7-141.7) 50 (50-50) .19

Cumulative dose, median (IQR), mgd 150 (100-200) NA NA 275 (200-575) 100 (100-150) .31

Haloperidol

Patients received ≥1 dose, No. (%) 0 1 (1.3) >.99 2 (2.5) 2 (2.5) >.99

Duration exposed, median (IQR), d NA 1 (1-1) NA 1 (1-1) 1 (1-1) >.99

Median daily dose (IQR), mgd NA 1 (1-1) NA 1.5 (1-2) 2.3 (2-2.5) .41

Cumulative dose, median (IQR), mgd NA 1 (1-1) NA 1.5 (1-2) 2.3 (2-2.5) .41

Olanzapine

Patients received ≥1 dose, No. (%) 0 0 NA 4 (5.1) 4 (5.1) >.99

Duration exposed, median (IQR), d NA NA NA 1.5 (1-2) 2.5 (1-5.5) .64

Median daily dose (IQR), mgd NA NA NA 5 (3.8-5) 5.3 (5-9.6) .14

Cumulative dose, median (IQR), mgd NA NA NA 5 (5-7.5) 13.8 (5-58.8) .41

Abbreviation: NA, not applicable.
a Prerandomization period includes data from intensive care unit admission

to enrollment.
b Postrandomization period includes day of enrollment until end of intervention

period or withdrawal, death, or discharge (if occurring within first 7 days of
intervention period).

c Opioids data are presented as fentanyl equivalents.
d Data were collected from exposed participants. Comparisons were performed

using Wilcoxon rank-sum tests.
e Benzodiazepines data are presented as lorazepam equivalents.
f One participant in the control arm received ketamine prerandomization.
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main in the ICU for longer periods and received at least 7 lis-
tening sessions trended toward greater DCFDs compared to
controls, a finding that also needs further investigation.

Behavioral trials are usually critiqued for lack of rigor due
to their rudimentary ability to capture granular data regard-
ing the dose and delivery of intervention. Music intervention
trials have been dependent on either direct observation of mu-
sic intervention, which is resource intensive, or on patient re-
call that could introduce recall bias and prevent from captur-
ing accurate dose of music. To capture intervention fidelity and
process measures, our team developed a unique application,
the Soundese app for iPad,30 which automatically collected
data on timing and content of the music intervention. This trial
is, to our knowledge, the first music intervention trial where
a specialized music delivery and data app were used and ef-
fectively implemented. Future avenues for similar apps can be
envisioned for both clinical and research settings.

Limitations
This study has limitations. The intervention duration was only
up to 7 days. It is possible that a longer intervention could have
been efficacious. Due to early death, withdrawal, and patient-
related factors (ie, weakness, inability to follow instructions,
low RASS levels), we had a smaller number of observations for

the secondary outcome of anxiety (measured by VAS-A), mak-
ing it difficult to draw conclusions on the effect of slow-
tempo music on anxiety in this patient population. Finally, in-
corporating patients’ preferences for music, increasing the
intervention duration, and testing music in patients with hy-
peractive delirium may have resulted in different findings.
Strengths of this multicenter trial include blinded outcome
assessments, collection of delirium severity, and capturing
granular intervention data, which will enable future explora-
tion of sedation’s effects on the intervention.

Conclusions
In this randomized clinical trial, the dose and duration of
slow-tempo music compared to listening to a silence track
control did not result in statistically significant differences
between groups on delirium/coma duration, delirium sever-
ity, pain, or anxiety symptoms in critically ill, older adults un-
dergoing mechanical ventilation in the ICU. Future consider-
ations include incorporating patients’ music preferences,
focusing on select patient populations, or administering the
intervention in the post-ICU phase to improve long-term se-
quelae of critical illness.
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The Potential of Music as a Nonpharmacologic Intervention for the ICU—
Sound Medicine
Farah Acher Kaiksow, MD, MPP; Eduard Eric Vasilevskis, MD, MPH

The intensive care unit (ICU) offers lifesaving interventions,
but it is also associated with considerable patient pain, anxi-
ety, and high rates of delirium. Delirium in patients in the ICU
is a highly prevalent condition associated with increased in-

patient mortality and long-
term cognitive impairment.
Unfortunately, the medica-

tions used to treat pain and anxiety in the ICU may simulta-
neously trigger delirium. This conundrum has motivated re-
searchers to investigate alternative, nonpharmacologic
therapies for pain and anxiety that have the potential to be
less delirium inducing.

Music is one such nonpharmacological therapy that holds
promise. Based on prior data showing that slow-tempo music
has positive neurobiological effects, a body of literature sup-
ports the potential value of music in improving outcomes
for this high-risk population. The association of music with re-
ductions in anxiety is the most well established,1,2 but stud-
ies have also shown positive impacts on agitation, pain, heart
rate, dyspnea, and general distress.3 The relationship be-
tween music and delirium is less clear, with studies reporting
results in both positive and negative directions.4,5

In this issue of JAMA Internal Medicine, Khan et al6 re-
port on a multicenter randomized clinical trial of 158 patients
in ICUs who received either slow-tempo music or a silent
soundtrack through noise-canceling headphones. The inter-
vention was designed to be performed twice daily for up to 7
days, or fewer if the patient died or was transferred out of the
ICU. The primary outcome was the number of coma and/or
delirium-free days, as assessed by the Confusion Assessment
Method for the ICU and the Richmond Agitation-Sedation Scale
(RASS). Secondary outcomes included delirium severity, pain,
and anxiety. The authors hypothesized that patients who re-
ceived the music intervention would have more days free of
delirium or coma, as well as lower delirium severity and less
pain and anxiety. The results, however, did not support this
hypothesis; there were no statistically significant differences
in the primary or secondary outcomes.

The study design and implementation of this clinical trial
were rigorous, and the authors present their data in a compre-
hensive and transparent fashion.6 And although there was no
difference in measured outcomes, this study should not be the
last to examine this potential nonpharmacological therapy.

There are important lessons to be learned from the rich data
provided by this study, which offers evidence of the circum-
stances under which music may not have benefits, while also
providing valuable insights into the design of future music
therapy trials.

One of the first questions this study raises and helps to an-
swer regards the timing and delivery method of music therapy:
at what time of day should music be delivered? In this study,
the participants received music either between 9 and 11 AM or
between noon and 4 PM. The optimal timing of an interven-
tion such as this is unknown, and researchers’ selection of
morning and daytime hours was likely based on feasibility.
However, when considering the development of future music-
based (or other nonpharmacologic) studies, researchers should
be careful to ensure that evidence-based methods to improve
overall outcomes in critically ill patients, including reducing
delirium, are not supplanted by the potential new therapy.
Khan et al6 note that the ICU sites used in this study adhered
to the ABCDEF bundle7 but do not report on how thoroughly
this tool was implemented or if the music intervention was
purposefully scheduled so as not to interfere with sedation
holidays or early mobility, as examples. Regarding delivery
methods, future studies may want to consider the use of am-
bient music, rather than headphones, as an intervention. Head-
phones carry with them the potential for physical pain and/or
discomfort, and, although not technically a restraint, limit a
patient’s movement in the bed.

A second question relates to the dose: how many indi-
vidual and total hours of music should be delivered? The
goal of this study intervention was to provide twice-daily
music sessions of 1 hour each.6 Despite a median ICU length
of stay of 7 days, the average duration of music was only 312
minutes, with only half of the patients receiving at least 7 lis-
tening sessions, as seen in eTable 6 in Supplement 2. The
cause of missed sessions is unknown, and there is no infor-
mation on whether the reasons for missed sessions differed
in the intervention vs the control participants. Overall, the
dose of therapy appears to be modest, and results of this
study should not be extrapolated to longer durations or
greater total doses of therapy.

A third question is relevant to sedative medications often
given in the ICU: at what level of sedation should music be de-
livered? The authors report that the music, on average, was de-
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