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

Supplemental content
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
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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,® as-
sociated with longer ICU and hospital stays, increased inpa-
tient mortality, elevated costs of care, and long-term cogni-
tive impairment.®'? Over the years, pharmacological strategies
have failed to demonstrate efficacy in preventing or treating
ICU delirium,'*?> and receipt of certain anxiolytics and seda-
tives further predispose patients to delirium.'® In the ab-
sence of safe and efficacious pharmacological options, non-
pharmacological interventions that comanage pain and anxiety,
potentially reducing exposure to harmful sedatives, hold prom-
ise in decreasing the burden of delirium.”18

Musicis one such intervention that could decrease ICU de-
lirium by mitigating predisposing factors such as anxiety, stress,
and pain.!®22 Based on systematic reviews, relaxing slow-
tempo music (60-80 beats/min) results in a reduction in in-
flammatory cytokines, decreases cortisol production, damp-
ens sympathetic nervous system arousal, and promotes
relaxation through entertainment, thereby acting on mul-
tiple pathways implicated in delirium.?3*2# A music interven-
tion consisting of patient-directed slow-tempo music deliv-
ered during mechanical ventilator support demonstrated
efficacy in reducing anxiety and sedative exposure.?> We pre-
viously showed acceptability and feasibility of a music-
listening intervention among patients undergoing mechani-
cal ventilation in the ICU, testing 2 music interventions (patient
preferred vs slow tempo) against an audiobook attention
control.?®
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 af-
filiated 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 representa-
tive. Exclusion criteria were (1) history of neurodegenerative
diseases such as Alzheimer disease or vascular dementia, (2)
severe psychiatricillness, (3) alcohol withdrawal, (4) drug in-
toxication/overdose, (5) acute neurologic injury (traumatic
brain injury, ischemic or hemorrhagic cerebrovascular acci-
dent, or undergoing neurosurgery), (6) uncorrected hearing or
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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.

vision impairment, (7) incarcerated, (8) enrollment in an-
other study that does not permit co-enrollment, (9) condi-
tions precluding safe use of headphones (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).2” We followed the Consolidated Stan-
dards of Reporting Trials (CONSORT) reporting guidelines for
randomized clinical trials.?®

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 patient, all
study personnel and clinical staff remained blinded to each pa-
tient’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 pMm. The intervention was delivered via study iPad tab-
lets (Apple) loaded with Soundese, a music delivery applica-
tion (app) developed by our team, and active noise-
canceling headphones enabled by Bluetooth wireless
technology. The app contained playlists (offering 408 classi-
cal 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.?>:26:2° Each patient received identical playlists,
which began with music at a frequency of 80 beats/min and
transitioned down to pieces at 60 beats/min.>°

Attention Control

During time windows identical to the music arm, control
patients received twice-daily 1-hour sessions with a
silence track delivered through the tablets and noise-
canceling headphones. Music or control sessions were
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discontinued after the 7-day intervention period or at ICU
discharge, whichever occurred first. Patients received clini-
cal care for delirium based on their primary team’s discre-
tion.

Process Measures

Research staff monitored listening sessions and recorded
adherence data for each session (ie, start/stop times, missed
or incomplete sessions). Detailed intervention and attention
control adherence data were captured through the app,
which delivered the assigned, blinded listening intervention
(music or silence track) to each research subject and
automatically collected usage data on music/silence tracks
programmed into the device’s playlists (eMethods in
Supplement 2).3°

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,'>>! as detailed in the
eMethods in Supplement 2. We used the Confusion Assess-
ment Method for the ICU (CAM-ICU)?? and the Richmond Agi-
tation-Sedation Scale (RASS)*2 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. Pa-
tients 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 O to 7 derived from RASS and CAM-ICU, with higher scores
indicating greater delirium severity.3* 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-7.3%

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.>*3® Total CPOT scores range
from O to 8, with higher scores indicating more pain.

Anxiety

Anxiety was collected using a 100-mm visual analog scale for
anxiety (VAS-A).3” 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.
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Other Data Collection

We assessed pre-ICU cognition using Informant Question-
naire on Cognitive Decline in the Elderly*® and pre-ICU func-
tional status using Katz and Lawton scales.?>%-*° Demograph-
ics (including sex and race and ethnicity [Black or African
American, Hispanic or Latino, Native Hawaiian or Other Pa-
cificIslander, or White]) were obtained as self-reported in the
electronic medical record. Comorbidities and ICU severity of
illness were assessed using Charlson Comorbidity Index*! and
Acute Physiology and Chronic Health Evaluation,**43 respec-
tively. Daily ICU variables including sedatives and clinical out-
comes were collected as detailed in the eMethods in Supple-
ment 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 0.52.2¢ 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 ¢ test
ata = .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 x? tests for categorical vari-
ables. We used an intention-to-treat approach in analyses. For
the primary aim, DCFDs by day 7 postrandomization were com-
pared using analysis of covariance models with log (DCFDs +1)
as the dependent variable and group (intervention vs con-
trol) as the independent variable while adjusting for the ran-
domization 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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Figure 1. CONSORT Diagram

admitted to the intensive care unit screened

790 Older adults who were mechanically ventilated

630 Excluded

404 Declined to participate
216 Unable to contact legally
authorized representative
6 Transferred or discharged
4 Other reasons

160 Enrolled in trial

——>|

1 Excluded because of ineligibility?

(159 Randomized® )

@Participant was found to be ineligible
after enrollment/randomization.

PRandomization was stratified by
enrollment (hospital) site.

79 Randomized to music intervention®
79 Received allocated intervention
13 Withdrew within the first 7 d of the study
7 Died within the first 7 d of the study

80 Randomized to control®
79 Received allocated intervention
14 Withdrew within the first 7 d of the study
10 Died within the first 7 d of the study
1 Determined to be ineligible

“Participants in the music
intervention group received
slow-tempo music (60-80
beats/min), while participants in the
control group received a silence

l track.

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

dAll randomized patients were

analyzed according to treatment
group, with mixed-effects models.

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%]
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vs 54 [68.4%]), and severity of lung injury (median [IQR] Pao,:
F10,,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 sig-
nificant between-group differences in any of the secondary out-
comes. Over the 7 days, no statistically significant differ-
ences 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
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Table 1. Patients' Baseline Characteristics

No. (%)
Music intervention Control
Characteristic (n = 79)? (n=79)°
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)© 6 (6-6) 6 (5-6)
Instrumental activities of daily living, median (IQR)¢ 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 Il score, median (IQR)® 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) o
Surgical/postoperative or trauma 11 (13.9) 6(7.6) APACHE II, Acute Physiology and
Primary pulmonary cause (ARDS, acute lung injury, 21(26.6) 22 (27.8) Chronic Health Evaluation II; ICU,
exacerbation of chronic lung disease, or airway obstruction) intensive care unit; IQCODE,
Other (including metabolic, endocrine, kidney failure, 5(6.3) 7 (8.9) Informant Questionnaire on
or neurological) Cogpnitive Decline in the Elderly.
Shock requiring vasopressors 54 (68.4) 54 (68.4) 2 Slow-tempo relaxing music (60-80
Invasive mechanical ventilation 79 (100) 79 (100) beats/min).

bSilence-track attention control.

Pao,:Fio, ratio, median (IQR) 202 (132-205) 198 (128-287)

Primary service € Assessed by Katz scale.
Medical ICU

Surgical ICU

d
57 (73.1) Assessed by Lawton scale.

21 (26.9)

62 (78.5)

. ) )
17 (21.5) Calculated using variables from

admission to the ICU.

[29.1-65.5]vs 42.3[25.2-62.7]; P = .83). Amedian (IQR) of 65.5%
(50.0%-84.6%) of eligible sessions were delivered in the mu-
sicarm 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 1in Supplement 2 shows the number of patients re-
ceiving 0, 1, or 2 listening sessions each day over the 7-day study

jamainternalmedicine.com

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

Music intervention Control Between-group differences
Outcome No. Summary statistic No. Summary statistic (95% ClI) P value
Primary outcome?®
Delirium/coma-free days, median (IQR)" 78¢ 2.5 (0-5) 79 3(0-5) 0.00 (-1.77 to 1.77) .66
Secondary outcomes?®
Delirium severity by CAM-ICU-7, mean (SD)¢ .99
Day 1 68¢ 5.43(2.35) 67¢ 5.79 (2.16) NA NA
Day 2 67 4.77 (2.35) 67 5.51(2.18) 0.11(-0.53t0 0.74) .75
Day 3 62 4.10(2.55) 65 4.45 (2.61) -0.06 (-0.91 t0 0.78) .78
Day 4 56 3.54(2.75) 55 3.95(2.72) -0.11(-1.14t0 0.92) .84
Day 5 47 2.78(2.70) 52 3.27 (2.83) -0.13(-1.19t00.92) .80
Day 6 45 2.73(2.73) 44 3.49 (2.94) -0.13(-1.19t0 0.94) .81
Day 7 43 2.72 (2.80) 42 2.56(2.72) -0.27 (-1.39 t0 0.84) 63
Pain by CPOT, mean (SD)f 67
Day 1 67¢  0.42(0.94) 66° 0.30(0.72) NA NA
Day 2 67 0.34(0.85) 62 0.34(0.83) 0.12(-0.18 t0 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(-0.40t0 0.38) .96
Day 6 24 0.17 (0.48) 26 0.25(0.47) 0.20 (-0.16 t0 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)? .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 t0 30.03) 193
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 t0 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 t0 38.18) .89
Day 7 8 43.63 (24.67) 6 28.83(38.40) -23.00(-69.29 to 23.29) .33
Clinical outcomes"
Duration of mechanical ventilation, 66 95.4 (58.5t0216.5) 63 105.3(61.2 to 205.4) -21.87 (-54.88t011.15) .88
median (IQR), h
Length of ICU stay, median (IQR), d 66 7.0(4.9t012.5) 63 7.2(4.2t012.5) 0.40 (-1.90t0 2.70) .98
Length of hospital stay, median (IQR), d 66 14.5 (9 to 25) 63 13 (9to23) 1.00 (-4.13t0 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.

2 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.

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

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

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

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

8VAS-A was obtained twice daily and ranges from O 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.

" 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.

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

JAMA Internal Medicine Published online October 13,2025

Figure 2 provides the distribution of daily RASS scores per
treatment group over the 7-day study period. eFigure 2 in
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Figure 2. Primary and Secondary Outcomes Over the 7-Day Study Period
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A, Coma and delirium were assessed twice daily using the Richmond
Agitation-Sedation Scale (RASS) and Confusion Assessment Method for the
Intensive Care Unit (CAM-ICU), respectively. Delirium/coma-free days were
defined as duration alive and without coma or delirium. Bars indicate the
median, error bars the IQR, and open circles the mean values. B, Delirium
severity was assessed twice daily using CAM-ICU-7, in which scores range from
0 to 7, with higher scores indicating greater delirium severity. Error bars indicate

95% Cls. C, Scores for the Critical Pain Observation Tool (CPOT) range from O to
8, with higher scores indicating greater pain symptoms. Error bars indicate 95%
Cls. D, The visual analog scale for anxiety (VAS-A) ranges from O to 100, with
higher scores indicating greater anxiety symptoms. Error bars indicate 95% Cls.
E, Patients were assigned a RASS category by computing the mean RASS for
each day.
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Supplement 2 shows the number of patients receiving O, 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 assessments 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 pa-
tients in both the music and control groups postrandomiza-
tion (opioids: 74 [93.7%] vs 78 [98.7%]; P = .21; benzodiaz-
epines: 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 ketamine and an-
tipsychotic medications was also similar (Table 3). Patients in
both arms received similar components of the ABCDEF pro-
tocol each day over the 7-day period (eTable 4 in Supple-
ment 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
distribution of RASS scores (eTable 6 in Supplement 2) or
distribution 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 listening session on that study day are shown in
eTable 7 in Supplement 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 Supplement 2). In a sensitivity
analysis restricted to patients who did not experience coma
on study day 1, there was no statistically significant effect of
the intervention vs control on median (IQR) DCFDs over 7
days (4 [1-6] days vs 4 [3-6] days; P = .11; eTable 8 in Supple-
ment 2). Among patients who received 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 Supple-
ment 2).

Delirium was present among 56 patients (78.9%) in the mu-
sicarm 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).
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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 11in 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 listening
sessions showed a trend toward higher median (IQR) of DCFDs
in the music arm compared with control, though it was not sta-
tistically 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 de-
livered through tablets and noise-canceling headphones did
notresult in a statistically significant improvement in the num-
ber 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 de-
lirium in critically ill patients, showing no effect on days alive
without delirium or coma.'®1%:4% Although a recent
meta-analysis*® reported lower rates of postoperative de-
lirium in participants randomized to music,*® 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,2%:4”
effects presumed to be modulated through changes in circu-
lating levels of B-endorphin.*® A Cochrane review demon-
strated that music has both analgesic and anxiolytic effects.!®
In a trial among adults undergoing mechanical ventilation, lis-
tening to patient-preferred slow-tempo music meaningfully re-
duced anxiety.?® By managing pain and anxiety symptoms, we
hypothesized that music may potentially reduce exposure to
high amounts of opioids and sedatives, thereby ameliorating
2risk factors directly implicated in delirium development.*°->©
The present trial did not show statistically significant effects
of music on pain, anxiety, or medication exposure. Com-
pared to postoperative settings where pain is the predomi-
nant actionable focus, patients in the ICU receive bundles of
care and judicious analgesics/sedatives. Whether sedatives may
dilute the effects of music intervention on delirium, pain, and
anxiety needs further exploration. In the trial where a benefi-
cial effect on anxiety was observed,?> music intervention was
delivered later in the ICU course once patients were awake and
able to participate in self-initiated, individualized music in-
tervention, guided by a board-certified music therapist. This
contrasts with the present trial, where a preselected, pre-
scribed music intervention was started within 72 hours of the
ICU admission and delivered through headphones with mini-
mal therapist interaction.

Delirium pathophysiology is not completely understood,
but inflammation and disruption of brain functional net-
works have been implicated as inciting factors in its
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Table 3. Exposure to Analgesics, Sedatives, and Antipsychotics During the 7-Day Intervention Period

Prerandomization®

Postrandomization®

Music intervention

Music intervention

Medication (n=79) Control (n = 79) Pvalue (n=79) Control (n = 79) Pvalue
Opioids®©

Patients received 21 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), ug® 236 (53-344) 221(103-392) .49 193 (51-345) 192 (49-301) .88
Cumulative dose, median (IQR), pg® 325(70-761) 386 (131-874) .39 634 (195-1350) 603 (137-1681) .85
Benzodiazepines®

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), mg¢ 2(1-3) 2(1-4) .35 2.2(1-3) 1.7 (1-3) .52
Cumulative dose, median (IQR), mg¢ 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), mg® 60 (20-120) 80 (30-110) .69 52 (20-100) 50 (30-110) >.99
Cumulative dose, median (IQR), mg® 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), ug® 304 (177-777) 475 (127-851) .94 643 (287-940) 732 (433-945) .65
Cumulative dose, median (IQR), pg® 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), mg® 3881 (388-4263) 1566 (1566-1566) .85 1232 (379-6061) 1015 (415-4051) >.99
Cumulative dose, median (IQR), mg® 3881(388-4263) 3133 (3133-3133)F .85 2013 (757-18185)  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), mg¢ 100 (100-100) NA NA 79.2 (66.7-141.7) 50 (50-50) .19
Cumulative dose, median (IQR), mg® 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), mg® NA 1(1-1) NA 1.5(1-2) 2.3(2-2.5) 41
Cumulative dose, median (IQR), mg® 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), mg¢ NA NA NA 5(3.8-5) 5.3 (5-9.6) .14
Cumulative dose, median (IQR), mg® NA NA NA 5(5-7.5) 13.8 (5-58.8) 41

Abbreviation: NA, not applicable.

@ 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).

€ Opioids data are presented as fentanyl equivalents.

9 Data were collected from exposed participants. Comparisons were performed
using Wilcoxon rank-sum tests.

¢ Benzodiazepines data are presented as lorazepam equivalents.
f One participant in the control arm received ketamine prerandomization.

development.?*>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.>*->> However, based on these
trial results, beneficial effects of music at the doses tested

jamainternalmedicine.com

herein may not be realized in the ICU. Future studies in elec-
tive preoperative and postoperative settings, incorporating
electroencephalography or other biological measures, may bet-
ter elucidate the biological effects of music on delirium. The
present per-protocol results suggest that patients who re-
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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-
sicintervention, which is resource intensive, or on patient re-
call that could introduce recall bias and prevent from captur-
ingaccurate dose of music. To capture intervention fidelity and
process measures, our team developed a unique application,
the Soundese app for iPad,*® 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. Itis possible that alonger 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
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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 as-
sessments, collection of delirium severity, and capturing granu-
lar intervention data, which will enable future exploration 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 severity, pain, or
anxiety symptoms in critically ill, older adults undergoing me-
chanical ventilation in the ICU. Future considerations in-
clude incorporating patients’ music preferences, focusing on
select patient populations, or administering the intervention
in the post-ICU phase to improve long-term sequelae of criti-
cal illness.

ARTICLE INFORMATION
Accepted for Publication: August 18, 2025.

Published Online: October 13, 2025.
doi:10.1001/jamainternmed.2025.5263

Author Contributions: Drs B. Khan and Chlan had
full access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs B. Khan and S.
Khan contributed equally to the work and are
considered co-first authors.

Concept and design: B. Khan, S. Khan, Heiderscheit,
Downs, Gao, Chlan.

Acquisition, analysis, or interpretation of data: All
authors.

Drafting of the manuscript: B. Khan, S. Khan,
Heiderscheit, Chlan.

Critical review of the manuscript for important
intellectual content: All authors.

Statistical analysis: B. Khan, Perkins, Gao.
Obtained funding: B. Khan, Gao, Chlan.
Administrative, technical, or material support: B.
Khan, S. Khan, Heiderscheit, Unverzagt, Wang,
Downs, Chlan.

Supervision: B. Khan, S. Khan, Chlan.

Conflict of Interest Disclosures: Dr S. Khan
reported a Career Development Award grant from
the National Institute on Aging. Dr Wang reported
book royalties from American Psychiatric Publishing
and consultant fees for serving on a Data Safety
Monitoring Board for the National Institute on
Aging (funded grant awarded to University of
lllinois Chicago). No other disclosures were
reported.

Funding/Support: The study was supported by a
grant from the National Institute on Aging (NIA
RO1AG067631), awarded to Drs B. Khan and Chlan.

Role of the Funder/Sponsor: The National
Institute on Aging had no role in the design and
conduct of the study; collection, management,

analysis, and interpretation of the data;
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.

Disclaimer: The content of this article is solely the
responsibility of the authors and does not
necessarily represent the official views of the
National Institute on Aging.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank the research
team from the Indiana University Center for Aging
Research, Regenstrief Institute, Indiana University
School of Medicine, and Mayo Clinic of Rochester,
Minnesota, for conducting research activities, as
well as patients and colleagues at Eskenazi Health,
Indiana University Health, and Mayo Clinic. We
thank Kurt Kroenke, MD, of the Indiana University
School of Medicine and Regenstrief Institute, and
John Devlin, PharmD, MCCM, of Northeastern
University, for their insightful comments in the
drafting of this manuscript. Drs Kroenke and Devlin
did not receive compensation for their assistance
and give permission to be acknowledged.

REFERENCES

1. Lin SM, Liu CY, Wang CH, et al. The impact of
delirium on the survival of mechanically ventilated
patients. Crit Care Med. 2004;32(11):2254-2259.
doi:10.1097/01.CCM.0000145587.16421.BB

2. Pandharipande PP, Pun BT, Herr DL, et al. Effect
of sedation with dexmedetomidine vs lorazepam
on acute brain dysfunction in mechanically
ventilated patients: the MENDS randomized
controlled trial. JAMA. 2007;298(22):2644-2653.
doi:10.1001/jama.298.22.2644

3. Adhikari NK, Fowler RA, Bhagwanjee S,
Rubenfeld GD. Critical care and the global burden of
critical illness in adults. Lancet. 2010;376(9749):
1339-1346. doi:10.1016/S0140-6736(10)60446-1

JAMA Internal Medicine Published online October 13,2025

Downloaded from jamanetwork.com by Biblioteca Nacional de Salud y Seguridad Social user on 10/24/2025

4. Wunsch H, Angus DC, Harrison DA,
Linde-Zwirble WT, Rowan KM. Comparison of
medical admissions to intensive care units in the
United States and United Kingdom. Am J Respir Crit
Care Med. 2011;183(12):1666-1673. doi:10.1164/
rccm.201012-19610C

5. Wunsch H, Linde-Zwirble WT, Angus DC,
Hartman ME, Milbrandt EB, Kahn JM. The
epidemiology of mechanical ventilation use in the
United States. Crit Care Med. 2010;38(10):1947-1953.
doi:10.1097/CCM.0b013e3181ef4460

6. Ely EW, Shintani A, Truman B, et al. Delirium as a
predictor of mortality in mechanically ventilated
patients in the intensive care unit. JAMA. 2004;291
(14):1753-1762. doi:10.1001/jama.291.14.1753

7. Khan BA, Zawahiri M, Campbell NL, et al.
Delirium in hospitalized patients: implications of
current evidence on clinical practice and future
avenues for research—a systematic evidence
review. J Hosp Med. 2012;7(7):580-589. doi:10.
1002/jhm.1949

8. Marcantonio E, Ta T, Duthie E, Resnick NM.
Delirium severity and psychomotor types: their
relationship with outcomes after hip fracture repair.
JAm Geriatr Soc. 2002;50(5):850-857. doi:10.
1046/j.1532-5415.2002.50210.x

9. Milbrandt EB, Deppen S, Harrison PL, et al. Costs
associated with delirium in mechanically ventilated
patients. Crit Care Med. 2004;32(4):955-962. doi:
10.1097/01.CCM.0000119429.16055.92

10. Pandharipande PP, Girard TD, Jackson JC, et al;
BRAIN-ICU Study Investigators. Long-term
cognitive impairment after critical illness. N Engl J
Med. 2013;369(14):1306-1316. doi:10.1056/
NEJMoa1301372

1. Pisani MA, Kong SY, Kasl SV, Murphy TE, Araujo
KL, Van Ness PH. Days of delirium are associated
with 1-year mortality in an older intensive care unit
population. Am J Respir Crit Care Med. 2009;180
(11):1092-1097. doi:10.1164/rccm.200904-05370C

jamainternalmedicine.com


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.5263?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2025.5263?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1097/01.CCM.0000145587.16421.BB
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.298.22.2644?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1016/S0140-6736(10)60446-1
https://dx.doi.org/10.1164/rccm.201012-1961OC
https://dx.doi.org/10.1164/rccm.201012-1961OC
https://dx.doi.org/10.1097/CCM.0b013e3181ef4460
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.291.14.1753?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1002/jhm.1949
https://dx.doi.org/10.1002/jhm.1949
https://dx.doi.org/10.1046/j.1532-5415.2002.50210.x
https://dx.doi.org/10.1046/j.1532-5415.2002.50210.x
https://dx.doi.org/10.1097/01.CCM.0000119429.16055.92
https://dx.doi.org/10.1056/NEJMoa1301372
https://dx.doi.org/10.1056/NEJMoa1301372
https://dx.doi.org/10.1164/rccm.200904-0537OC
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263

Slow-Tempo Music and Delirium/Coma-Free Days Among Older Adults Undergoing Mechanical Ventilation

12. Shehabi Y, Riker RR, Bokesch PM, Wisemandle
W, Shintani A, Ely EW; SEDCOM (Safety and Efficacy
of Dexmedetomidine Compared With Midazolam)
Study Group. Delirium duration and mortality in
lightly sedated, mechanically ventilated intensive
care patients. Crit Care Med. 2010;38(12):2311-2318.
doi:10.1097/CCM.0b013e3181f85759

13. Girard TD, Exline MC, Carson SS, et al;
MIND-USA Investigators. Haloperidol and
ziprasidone for treatment of delirium in critical
iliness. N Engl J Med. 2018;379(26):2506-2516. doi:
10.1056/NEJM0a1808217

14. Khan BA, Perkins AJ, Campbell NL, et al.
Pharmacological management of delirium in the
intensive care unit: a randomized pragmatic clinical
trial. J Am Geriatr Soc. 2019;67(5):1057-1065. doi:
10.1111/jgs 15781

15. van den Boogaard M, Slooter AJC, Briiggemann
RJM, et al; REDUCE Study Investigators. Effect of
haloperidol on survival among critically ill adults
with a high risk of delirium: the REDUCE
randomized clinical trial. JAMA. 2018;319(7):680-
690. doi:10.1001/jama.2018.0160

16. Clegg A, Young JB. Which medications to avoid
in people at risk of delirium: a systematic review.
Age Ageing. 2011;40(1):23-29. doi:10.1093/ageing/
afq140

17. Devlin JW, Skrobik Y, Gélinas C, et al. Clinical
practice guidelines for the prevention and
management of pain, agitation/sedation, delirium,
immobility, and sleep disruption in adult patients in
the ICU. Crit Care Med. 2018;46(9):e825-e873.
doi:10.1097/CCM.0000000000003299

18. Pun BT, Balas MC, Barnes-Daly MA, et al. Caring
for critically ill patients with the ABCDEF bundle:
results of the ICU liberation collaborative in over
15,000 adults. Crit Care Med. 2019;47(1):3-14. doi:
10.1097/CCM.0000000000003482

19. Bradt J, Dileo C. Music interventions for
mechanically ventilated patients. Cochrane
Database Syst Rev. 2014;2014(12):CD006902. doi:
10.1002/14651858.CD006902.pub3

20. Lee JH. The effects of music on pain:
ameta-analysis. J Music Ther. 2016;53(4):430-477.
doi:10.1093/jmt/thw012

21. Golino AJ, Leone R, Gollenberg A, et al.
Receptive music therapy for patients receiving
mechanical ventilation in the intensive care unit.
Am J Crit Care. 2023;32(2):109-115. doi:10.4037/
2jcc2023499

22. Dalli OE, Yildinm Y, Aykar FS, Kahveci F. The
effect of music on delirium, pain, sedation and
anxiety in patients receiving mechanical ventilation
in the intensive care unit. Intensive Crit Care Nurs.
2023;75:103348. doi:10.1016/j.iccn.2022.103348

23. Khan SH, Kitsis M, Golovyan D, et al. Effects of
music intervention on inflammatory markers in
critically ill and post-operative patients:

a systematic review of the literature. Heart Lung.
2018;47(5):489-496. doi:10.1016/j.hrtlng.2018.05.
015

24. Menza R, Bongiovanni T, Leutwyler H, Tang J,
Johnson JK, Howie-Esquivel J. Music-based
interventions for symptom management in critically
ill, mechanically ventilated adults: a scoping review
of the literature. J Integr Complement Med. 2024;
30(11):1047-1071. doi:10.1089/jicm.2023.0483

25. Chlan LL, Weinert CR, Heiderscheit A, et al.
Effects of patient-directed music intervention on
anxiety and sedative exposure in critically ill
patients receiving mechanical ventilatory support:
a randomized clinical trial. JAMA. 2013;309(22):
2335-2344. doi:10.1001/jama.2013.5670

jamainternalmedicine.com

26. KhanSH, Xu C, PurpuraR, et al. Decreasing
delirium through music: a randomized pilot trial.
Am J Crit Care. 2020;29(2):e31-e38. doi:10.4037/
2jcc2020175

27. SeyffertS, Moiz S, Coghlan M, et al. Decreasing
delirium through music listening (DDM) in critically
ill, mechanically ventilated older adults in the
intensive care unit: a two-arm, parallel-group,
randomized clinical trial. Trials. 2022;23(1):576. doi:
10.1186/513063-022-06448-w

28. Butcher NJ, Monsour A, Mew EJ, et al.
Guidelines for reporting outcomes in trial reports:
the CONSORT-Outcomes 2022 extension. JAMA.
2022;328(22):2252-2264. doi:10.1001/jama.2022.
21022

29. Heiderscheit A, Breckenridge SJ, Chlan LL,
Savik K. Music preferences of mechanically
ventilated patients participating in a randomized
controlled trial. Music Med. 2014;6(2):29-38. doi:
10.47513/mmd.v6i2.177

30. ChlanLL, Downs JH lIl, Heiderscheit A, Khan
SH, Moiz S, Khan BA. Development and
deployment of a music listening intervention
mobile application for a two-group blinded
randomized clinical trial. Clin Nurs Res. 2025;34(3-
4):186-194. doi:10.1177/10547738251323007

31. Hughes CG, Mailloux PT, Devlin JW, et al;
MENDS2 Study Investigators. Dexmedetomidine or
propofol for sedation in mechanically ventilated
adults with sepsis. N Engl J Med. 2021;384(15):
1424-1436. doi:10.1056/NEJM0a2024922

32. Ely EW, Inouye SK, Bernard GR, et al. Delirium
in mechanically ventilated patients: validity and
reliability of the confusion assessment method for
the intensive care unit (CAM-ICU). JAMA. 2001;286
(21):2703-2710. doi:10.1001/jama.286.21.2703

33. Sessler CN, Gosnell MS, Grap MJ, et al. The
Richmond Agitation-Sedation Scale: validity and
reliability in adult intensive care unit patients. Am J
Respir Crit Care Med. 2002;166(10):1338-1344. doi:
10.1164/rccm.2107138

34. Khan BA, Perkins AJ, Gao S, et al. The confusion
assessment method for the ICU-7 Delirium Severity
Scale: a novel delirium severity instrument for use
in the ICU. Crit Care Med. 2017;45(5):851-857. doi:
10.1097/CCM.0000000000002368

35. Buttes P, Keal G, Cronin SN, Stocks L, Stout C.
Validation of the critical-care pain observation tool
in adult critically ill patients. Dimens Crit Care Nurs.
2014;33(2):78-81. doi:10.1097/DCC.
0000000000000021

36. Kanji S, MacPhee H, Singh A, et al. Validation of
the critical care pain observation tool in critically ill
patients with delirium: a prospective cohort study.
Crit Care Med. 2016;44(5):943-947. doi:10.1097/
CCM.0000000000001522

37. Gift AG. Visual analogue scales: measurement
of subjective phenomena. Nurs Res. 1989;38(5):
286-288. doi:10.1097/00006199-198909000-
00006

38. Jorm AF, Jacomb PA. The Informant
Questionnaire on Cognitive Decline in the Elderly
(IQCODE): socio-demographic correlates, reliability,
validity and some norms. Psychol Med. 1989;19(4):
1015-1022. doi:10.1017/S0033291700005742

39. KatzS, Ford AB, Moskowitz RW, Jackson BA,
Jaffe MW. Studies of illness in the aged: the Index of
ADL: a standardized measure of biological and
psychosocial function. JAMA. 1963;185:914-919.
doi:10.1001/jama.1963.03060120024016

40. Lawton MP, Brody EM. Assessment of older
people: self-maintaining and instrumental activities

Original Investigation Research

of daily living. Gerontologist. 1969;9(3):179-186.
doi:10.1093/geront/9.3_Part_1.179

41. Charlson ME, Pompei P, Ales KL, MacKenzie CR.
A new method of classifying prognostic
comorbidity in longitudinal studies: development
and validation. J Chronic Dis. 1987;40(5):373-383.
doi:10.1016/0021-9681(87)90171-8

42. Knaus WA, Draper EA, Wagner DP, Zimmerman
JE. APACHE I1: a severity of disease classification
system. Crit Care Med. 1985;13(10):818-829. doi:10.
1097/00003246-198510000-00009

43. Vincent JL, Moreno R, Takala J, et al. The SOFA
(Sepsis-related Organ Failure Assessment) score to
describe organ dysfunction/failure. Intensive Care

Med. 1996;22(7):707-710. doi:10.1007/BF 01709751

44. Andersen-Ranberg NC, Poulsen LM, Perner A,
et al; AID-ICU Trial Group. Haloperidol for the
treatment of deliriumin ICU patients. N Engl J Med.
2022;387(26):2425-2435. doi:10.1056/
NEJM0a2211868

45. Dai RS, Wang TH, Chien SY, Tzeng YL.
Dose-response analysis of music intervention for
improving delirium in intensive care unit patients:

a systematic review and meta-analysis. Nurs Crit Care.
2025;30(5):e13230. doi:10.1111/nicc.13230

46. Esfahanian F, Mirmohammadsadeghi A,
Gholami H, et al. Using music for the prevention of
delirium in patients after coronary artery bypass
graft surgery: a randomized clinical trial.

J Cardiothorac Vasc Anesth. 2022;36(12):4341-4346.
doi:10.1053/j.jvca.2022.09.007

47. Hole J, Hirsch M, Ball E, Meads C. Music as an
aid for postoperative recovery in adults:

a systematic review and meta-analysis. Lancet.
2015;386(10004):1659-1671. doi:10.1016/S0140-
6736(15)60169-6

48. McKinney CH, Tims FC, Kumar AM, Kumar M.
The effect of selected classical music and
spontaneous imagery on plasma beta-endorphin.
J Behav Med. 1997;20(1):85-99. doi:10.1023/A:
1025543330939

49. Stollings JL, Thompson JL, Ferrell BA, et al.
Sedative plasma concentrations and delirium risk in
critical illness. Ann Pharmacother. 2018;52(6):513-521.
doi:10.1177/1060028017753480

50. Weinstein SM, Poultsides L, Baaklini LR, et al.
Postoperative delirium in total knee and hip
arthroplasty patients: a study of perioperative
modifiable risk factors. Br J Anaesth. 2018;120(5):
999-1008. doi:10.1016/j.bja.2017.12.046

51. Conrad C, Niess H, Jauch KW, Bruns CJ, Hartl W,
Welker L. Overture for growth hormone: requiem

for interleukin-6? Crit Care Med. 2007;35(12):2709-
2713. doi:10.1097/00003246-200712000-00005

52. Khan BA, Perkins AJ, Prasad NK, et al.
Biomarkers of delirium duration and delirium
severity in the ICU. Crit Care Med. 2020;48(3):353-
361. doi:10.1097/CCM.0000000000004139

53. Maldonado JR. Neuropathogenesis of delirium:
review of current etiologic theories and common
pathways. Am J Geriatr Psychiatry. 2013;21(12):
1190-1222. doi:10.1016/j.jagp.2013.09.005

54. Marsland AL, Kuan DC, Sheu LK, et al. Systemic
inflammation and resting state connectivity of the
default mode network. Brain Behav Immun. 2017;
62:162-170. doi:10.1016/j.bbi.2017.01.013

55. WuJ, Zhang J, Ding X, Li R, Zhou C. The effects
of music on brain functional networks: a network
analysis. Neuroscience. 2013;250:49-59. doi:10.
1016/j.neuroscience.2013.06.021

JAMA Internal Medicine Published online October 13,2025

Downloaded from jamanetwork.com by Biblioteca Nacional de Salud y Seguridad Social user on 10/24/2025

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://dx.doi.org/10.1097/CCM.0b013e3181f85759
https://dx.doi.org/10.1056/NEJMoa1808217
https://dx.doi.org/10.1111/jgs.15781
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2018.0160?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1093/ageing/afq140
https://dx.doi.org/10.1093/ageing/afq140
https://dx.doi.org/10.1097/CCM.0000000000003299
https://dx.doi.org/10.1097/CCM.0000000000003482
https://dx.doi.org/10.1002/14651858.CD006902.pub3
https://dx.doi.org/10.1093/jmt/thw012
https://dx.doi.org/10.4037/ajcc2023499
https://dx.doi.org/10.4037/ajcc2023499
https://dx.doi.org/10.1016/j.iccn.2022.103348
https://dx.doi.org/10.1016/j.hrtlng.2018.05.015
https://dx.doi.org/10.1016/j.hrtlng.2018.05.015
https://dx.doi.org/10.1089/jicm.2023.0483
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.5670?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.4037/ajcc2020175
https://dx.doi.org/10.4037/ajcc2020175
https://dx.doi.org/10.1186/s13063-022-06448-w
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21022?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.21022?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.47513/mmd.v6i2.177
https://dx.doi.org/10.1177/10547738251323007
https://dx.doi.org/10.1056/NEJMoa2024922
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.286.21.2703?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1164/rccm.2107138
https://dx.doi.org/10.1097/CCM.0000000000002368
https://dx.doi.org/10.1097/DCC.0000000000000021
https://dx.doi.org/10.1097/DCC.0000000000000021
https://dx.doi.org/10.1097/CCM.0000000000001522
https://dx.doi.org/10.1097/CCM.0000000000001522
https://dx.doi.org/10.1097/00006199-198909000-00006
https://dx.doi.org/10.1097/00006199-198909000-00006
https://dx.doi.org/10.1017/S0033291700005742
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.1963.03060120024016?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263
https://dx.doi.org/10.1093/geront/9.3_Part_1.179
https://dx.doi.org/10.1016/0021-9681(87)90171-8
https://dx.doi.org/10.1097/00003246-198510000-00009
https://dx.doi.org/10.1097/00003246-198510000-00009
https://dx.doi.org/10.1007/BF01709751
https://dx.doi.org/10.1056/NEJMoa2211868
https://dx.doi.org/10.1056/NEJMoa2211868
https://dx.doi.org/10.1111/nicc.13230
https://dx.doi.org/10.1053/j.jvca.2022.09.007
https://dx.doi.org/10.1016/S0140-6736(15)60169-6
https://dx.doi.org/10.1016/S0140-6736(15)60169-6
https://dx.doi.org/10.1023/A:1025543330939
https://dx.doi.org/10.1023/A:1025543330939
https://dx.doi.org/10.1177/1060028017753480
https://dx.doi.org/10.1016/j.bja.2017.12.046
https://dx.doi.org/10.1097/00003246-200712000-00005
https://dx.doi.org/10.1097/CCM.0000000000004139
https://dx.doi.org/10.1016/j.jagp.2013.09.005
https://dx.doi.org/10.1016/j.bbi.2017.01.013
https://dx.doi.org/10.1016/j.neuroscience.2013.06.021
https://dx.doi.org/10.1016/j.neuroscience.2013.06.021
http://www.jamainternalmedicine.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2025.5263

