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a b s t r a c t 

Background: Elevated anxiety levels are common in patients on mechanical ventilation (MV) and may challenge 
recovery. Research suggests music-based interventions may reduce anxiety during MV. However, studies inves- 
tigating specific music therapy techniques, addressing psychological and physiological well-being in patients on 
MV, are scarce. 

Methods: This three-arm randomized clinical pilot study was conducted with MV patients admitted to the intensive 
care unit (ICU) of Hospital San José in Bogotá, Colombia between March 7, 2022, and July 11, 2022. Patients 
were divided into three groups: intervention group 1 (IG1), music-assisted relaxation; intervention group 2 (IG2), 
patient-preferred therapeutic music listening; and control group (CG), standard care. The main outcome measure 
was the 6-item State-Anxiety Inventory. Secondary outcomes were: pain (measured with a visual analog scale), 
resilience (measured with the Brief Resilience Scale), agitation/sedation (measured with the Richmond Agitation–
Sedation Scale), vital signs (including heart rate, blood pressure, oxygen saturation, and respiratory rate), days 
of MV, extubation success, and days in the ICU. Additionally, three patients underwent electroencephalography 
during the interventions. 

Results: Data from 23 patients were analyzed in this study. The age range of the patients was 24.0–84.0 years, 
with a median age of 66.0 years (interquartile range: 57.0–74.0). Of the 23 patients, 19 were female (82.6%). 
No statistically significant differences between the groups were observed for anxiety ( P = 0.330), pain ( P = 0.624), 
resilience ( P = 0.916), agitation/sedation ( P = 0.273), length of ICU stay ( P = 0.785), or vital signs. A statistically 
significant difference between the groups was found for days of MV ( P = 0.019). Electroencephalography mea- 
surements showed a trend toward delta and theta band power decrease for two patients and a power increase on 
both beta frequencies (slow and fast) in the frontal areas of the brain for one patient. 

Conclusions: In this pilot study, music therapy did not significantly affect the anxiety levels in patients on MV. 
However, the interventions were widely accepted by the staff, patients, and caregivers and were safe, considering 
the critical medical status of the participants. Further large-scale randomized controlled trials are needed to 
investigate the potential benefits of music therapeutic interventions in this population. 

Trial Registration ISRCTN trial registry identifier: ISRCTN16964680 
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Being hospitalized in an intensive care unit (ICU) can be a
raumatic and stressful experience for many patients.[ 1 ] In the
nited States, approximately 20%–38% of the patients admitted

o an ICU require mechanical ventilation (MV), and similar fig-
res are reported in European countries.[ 2 , 3 ] MV consists of the
ntry and exit of air flow toward the lungs via an endotracheal
ube driven by a pressure gradient. The primary goals of MV
re to improve gas exchange in the lungs and alleviate respira-
ory distress.[ 4 , 5 ] However, patients undergoing MV frequently
xperience psychological and physiological challenges, includ-
ng the presence of the orotracheal tube, medical procedures,
ain, noise, fear, or communication problems.[ 6 , 7 ] The most
ommon stressors identified by MV patients are dyspnea, anxi-
ty, fear, and pain.[ 8 ] Correlation between anxiety, depression,
r insomnia and the perception of pain is widely recognized[ 9 , 10 ] 

nd can negatively affect the recovery of a critically ill
atient. 

After ICU care, many patients suffer from continuous dis-
ress or a worsening of their symptoms, known as the post-ICU
yndromes.[ 11 ] Recent studies suggest that more than 20% of
he ICU patients still suffer from post-traumatic stress symptoms
 year after discharge and 30% of patients continue to experi-
nce high levels of anxiety after their hospitalization.[ 1 , 12 ] This
s relevant because MV and increased anxiety are two of the
actors associated with post-ICU syndrome.[ 13 , 14 ] Thus, while
V is necessary to support respiratory function and improve

urvival of critically ill patients, this situation can cause multi-
le difficulties. Increased anxiety in the ICU is usually treated
harmacologically, but several researchers recommend multi-
odal and nonpharmacological approaches, including music

herapy.[ 15 ] 

Music therapy and other music-based interventions are be-
ng increasingly implemented in medical settings, including
he ICUs. Recent reviews report benefits in improving in-
omnia in adults,[ 16 ] promoting motor skills and communica-
ion in patients with brain damage,[ 17 ] relieving depressive
ymptoms,[ 18 ] and reducing anxiety in various populations, such
s presurgical patients,[ 19 ] coronary patients,[ 20 ] and cancer
atients.[ 21 ] 

For MV patients, a meta-analysis involving 14 studies
nd 805 patients showed a statistically significant reduction
f anxiety levels favoring music vs. control groups (CGs)
 P = 0.0006).[ 21 ] Another review highlights less use of sedo-
nalgesic drugs and improvements in patients’ vital signs.[ 22 ] 

urthermore, an increasing number of individual studies
upport the role of music-based interventions as a viable
on-pharmacological option that can be used adjunctively
o manage anxiety and pain in MV patients.[ 23–35 ] How-
ver, the methodological heterogeneity of these studies is
uge and there is almost no research conducted by creden-
ialed music therapists using specific music therapy meth-
ds and techniques. Given the lack of studies with MV pa-
ients in the Colombian context, this randomized clinical
ilot study was performed to describe the effects of two
usic-therapy techniques —music-assisted relaxation (MAR)

nd patient-preferred therapeutic music listening (PTML) —on
hort-term psychological and physiological outcomes in MV pa-
ients in the ICU. 
t

516
ethods 

esearch design 

This randomized clinical pilot study had three parallel arms:
1) intervention group 1 (IG1): standard care + MAR; (2) in-
ervention group 2 (IG2): standard care + PTML; and (3) CG:
tandard care alone. 

The study was conducted in the ICU of Hospital San José in
ogotá, Colombia between March 7, 2022, and July 11, 2022.
he study was approved by the Ethics Committee for Research
ith Human Subjects of the Hospital San Jose-Fundación Uni-
ersitaria de Ciencias de la Salud on April 20, 2021 (number
183–2021), and all participants signed an informed consent.
atients were awake and mentally competent. The informed
onsent was read to the participants and family members and
ny questions were answered. Patients could communicate via
 script board, by nodding or shaking their heads, or by mak-
ng gestures. The study was performed in accordance with the
eclaration of Helsinki and relevant guidelines and regulations.
he study protocol was registered at International Standard Ran-
omised Controlled Trial Number (ISRCTN), reference number
SRCTN16964680. 

nclusion and exclusion criteria 

The inclusion criteria were: (1) MV patient > 18 years old in
he ICU; (2) being alert and mentally competent (Richmond
gitation–Sedation Scale [RASS] between − 1 and + 1); and (3)

he expectation of continuing MV for more than 3 days from the
oment of signing the informed consent. The exclusion crite-

ia were: (1) confirmed bilateral hearing loss; (2) delirium or
isorders of consciousness; (3) known psychiatric disorders; (4)
ognitive disabilities; and (5) known addictions to psychoactive
ubstances. 

nterventions and procedures 

AR: IG1 

MAR is a music therapy technique that includes listening
o live music, combined with guided relaxation and/or the
se of imagery. MAR is based on the principles of entrain-
ent, which describes the synchronization of two independent

hythms through their interaction.[ 36 , 37 ] In music therapy, en-
rainment corresponds to the matching and subsequent mod-
fication of musical elements in relation to the physiological
hythms or behavioral and emotional states of the patients. MAR
as been shown to be effective in palliative care patients,[ 38 ] 

resurgical pediatric patients,[ 39 ] and patients with chronic
ain,[ 40 ] among others. 

In this study, the patient was first asked to close his/her eyes
r to focus on a fixed point on the ceiling or wall. A verbal intro-
uction was then given, focusing on generating body awareness.
n the next step, a mental image was introduced (e.g., sitting on
 beach watching the waves of the ocean, imagining a person-
lized safe and comfortable place). The patient was asked to let
imself/herself be guided by the music while concentrating on
he imagery. Once the music had finished, the patient was asked
o become aware again. 
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Music therapy sessions for IG1 lasted on average for 26.5 min
range: 18.5–35.0 min). In most cases, patients referred to fields,
oods, rivers, or lakes as favorite places for the imagery. Two
atients did not refer to any favorite landscape or place. Be-
ides the music therapist’s voice, an acoustic guitar (Yamaha
-40) and an ocean drum (a double-skinned drum with small
etal pallets inside, imitating the sound of waves) were used

s accompanying musical instruments. The music was of slow-
o-moderate tempo, repetitive in its structure, and consisted of
ostly arpeggiated chord progressions (e.g., II-IV-I, I-V-VI-IV),

iming at creating a safe and calm environment. At times, sus9
hords were used to create a sense of space, and melodies were
aintained in the middle register of the guitar or the therapist’s

oice. The ocean drum was often used to start the intervention
sometimes overlapping with the verbal introduction) or at the
nd, usually entrained to the patient’s breathing rhythm. A staff
ember was present during the interventions to guarantee ad-

quate patient safety and care at times. 

TML: IG2 

The use of prerecorded music is a frequent resource in music
herapy and other music-based interventions. In music therapy,
istening to music is based on an initial assessment and the pa-
ient’s preferences and takes place in the context of a therapeutic
elationship. In this sense, the music is not only shared between
he patient and the music therapist, but it is also guided by the
ssociations the patient has with the music. The music therapist
aintains an active listening approach during the session and

an verbally intervene to elaborate the emotions, sensations,
nd thoughts that may arise from the music. 

In this study, the patient was first asked to identify music
hat he/she associated with a state of relaxation and well-being,
ither via the script board or with yes/no questions. In case the
atient could not identify any specific songs or genres, the music
herapist used a preselection of music that met the characteris-
ics of anxiolytic music (long and soft tones, no fixed rhythm,
imple melodies, consonant harmonies). In the next step, a wire-
ess speaker and a tablet were used to play back the music. The
usic therapist was present throughout the session and accom-
anied the patient’s continuous selection of music until the ses-
ion ended. 

Music therapy sessions for IG2 lasted on average 27.5 min
range: 16.0–35.0 min). The music selected by the patients was
ediated by the region of their origin, religious beliefs, personal

astes, or biographical memories. All but one patient asked for
pecific artists and songs. Musical genres included vallenato mu-
ic (artists: Diomedez Diaz, Los Hermanos Zuleta, Jorge Oñate,
tc.; songs: Ilusiones, La Plata, etc.), boleros (artists: Los Pan-
hos, songs: Como un rayito de luna, Sin ti, Toda una vida,
tc.), religious music (various artists; songs: Ave Maria, Padre
uestro, En la cruz, Ante tu presencia, etc.), ballads (artists: Leo
an; songs: Como te extraño, Ella me olvidó, etc.), or rancheras

artists: Vicente Fernández; songs: Estos celos, A mi manera, El
ey, etc.). Although the songs had different musical character-
stics depending on the genre, a positive association of the pa-
ients with the music was common to all song choices. During
usic-listening, the music therapist regularly checked in with

he patient regarding volume, song selection, and if they would
ike to share some of the memories or feelings produced by the
ntervention. 
517
tandard care: CG 

In the CG, the participants received standard care alone.
owever, environmental control (avoiding nonemergency med-

cal procedures and keeping the room door closed) was recom-
ended during measurements. The CG interventions lasted on

verage for 30.5 min (range: 29.0–33.0 min). 

requency of interventions 

A maximum of four interventions (one intervention daily)
ere conducted from the day of signing the informed consent
ntil the fourth intervention or the first extubation. 

ample size 

For this pilot study, the participation of a minimum of
1 participants was determined. This sample size was calcu-
ated according to Viechtbauer et al.[ 41 ] with a confidence
evel of 95% and a probability of undesirable events in the
tudy of 50%. The formula used was n = ln(1− 𝛾)/− ln(1− 𝜋) =
n(1− 0.95)/ln(1− 0.50) = 4.3 ≈ 5, where 𝛾= 0.95 is the confidence
evel and 𝜋= 0.50 is the probability of undesirable events. Esti-
ating a loss to follow-up of 30%, seven participants per arm
as determined. 

rimary outcome measure 

The primary outcome measure was the Spanish version of
he 6-item State-Trait Anxiety Inventory (STAI-E6). In its orig-
nal version, the STAI consists of 40 items rated on a 4-point
ikert scale, measuring trait and state anxiety.[ 42 ] There are sev-
ral short versions of the STAI, but only one that has been vali-
ated with ventilated patients: in its original version in English
y Chlan et al.[ 43 ] and in its Spanish version by Perpiñá-Galvañ
t al.[ 44 , 45 ] The STAI-E6 has an internal consistency of Cron-
ach’s alpha of 0.79 and adequate results regarding its reliabil-
ty and validity.[ 45 ] The STAI-E6 was applied after signing the
nformed consent and after each intervention. 

econdary outcome measures 

ain 

Pain levels were measured with a visual analog scale (VAS)
rom 0 to 10; 0 indicates a state without any pain and 10 indi-
ates the most severe pain possible. Each number is distributed
n a line 1 cm apart and the patient can mark the subjective
ain intensity. The VAS was applied after signing the informed
onsent and after each intervention. 

esilience 

Resilience is defined as the ability to bounce back from a
tressful event. The Brief Resilience Scale (BRS) was developed
n its original English version by Smith et al.[ 46 ] and contains
ix items rated on a 5-point Likert scale. The Spanish version
as validated by Rodríguez-Rey et al.[ 47 ] and showed adequate

nternal consistency with a Cronbach’s alpha of 0.80–0.91. The
RS was applied after signing the informed consent and after
he second, third, and last interventions. 
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gitation/sedation 

Agitation/sedation was measured with the RASS, which con-
ists of 10 items with a score of + 4 to − 5 depending on the be-
avioral state of the patient. The RASS was published in English
y Ely et al.[ 48 ] and validated in Colombia by Rojas-Gambasica
t al.[ 49 ] The RASS was applied after signing the informed con-
ent and after each intervention. 

ital signs 

Heart rate (HR), respiratory rate (RR), oxygen saturation, and
lood pressure (BP) were collected through routine patient mon-
toring. Vital signs were recorded before and after each interven-
ion. 

ays of MV 

Days of mechanical ventilation (MV) can be calculated by
ubtracting the day of intubation from the day of the first ex-
ubation. In the case of re-intubations, the same procedure was
ollowed, adding up all ventilation days during the time in the
CU. 

xtubation success 

Number of failed extubations and/or necessary re-
ntubations. 

ays in the ICU 

The length of stay in the ICU is determined by subtracting
he date of admission from the date of discharge. 

xploratory outcome measures 

As an exploratory outcome, electroencephalography (EEG)
easurements were conducted in three voluntary patients (two

rom IG1 and one from IG2). One music therapy session was
ecorded for each patient. EEG recordings were measured for a
-min baseline resting state with eyes closed and then for ap-
roximately 11 min of the music therapy session. EEG record-
ngs were made according to the international 10–20 configu-
ation, but the number of electrodes was reduced to 8, which
ere FP1, FP2, C3, C4, T3, T4, O1, and O2 (plus one reference

lectrode in the Cz position and one ground electrode), with
he aim of reducing EEG assembly time. All measurements were
erformed with Micromed LTM64 equipment (Micromed S.P.A.,
ogliano Veneto, Italy) with a sampling frequency of 512 Hz. 

andomization and blinding 

Randomization was performed on a 1:1:1 basis with random-
zed numbers in an Excel sheet. Owing to the nature of the inter-
ention, participants were not blinded. However, data collection
nd statistical analysis were performed by blinded researchers.
he procedure was as follows: if randomized to one of the in-
ervention groups, the music therapist entered the ICU and sent
 text message at the beginning of the session (e.g., patient 1,
tart) to the research assistant who was not present in the ICU.
fter finishing the session, the music therapist sent another text
essage (e.g., patient 1, finished), after which the research as-

istant entered the ICU and collected postintervention measure-
ents. If randomized to the CG, the same procedure was per-

ormed but no music-therapy sessions took place. 
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tatistical analysis of the primary and secondary outcome 

easures 

Statistical analysis was performed with Stata 17. For the
uantitative outcome measures, descriptive statistics were used.
ontinuous variables are expressed as medians and interquartile
anges (IQRs), and categorical variables as absolute and rela-
ive values. Pre- and post-intervention comparisons in categori-
al variables were made using Fisher’s exact test, and those for
uantitative variables used the Mann–Whitney U test. Compar-
sons that reported P < 0.05 were interpreted as statistically sig-
ificant differences. 

EG analysis 

The data were initially filtered between 1 Hz and 30 Hz,
nd visually inspected noise and artifacts were subsequently
emoved. An independent component analysis (ICA) algorithm
dentified and removed one noise-detected component asso-
iated with the ventilation machine and blinking.[ 50 ] Subse-
uently, 2.5-min and 5-min central windows were extracted for
aseline and music therapy periods, respectively. Five frequency
ands were analyzed: Delta (1–4 Hz), Theta (4–8 Hz), Alpha
8–12 Hz), slow Beta (12–18 Hz), and fast Beta (18–30 Hz).
he data were segmented into 3-s windows with a 1.5-s over-

ap. Band power was calculated by integrating power spectral
ensity (PSD) values in each frequency band using Simpson’s
ule.[ 51 ] Next, the power evolutions for each frequency band
nd channel were z-score normalized to the baseline. Brain con-
ectivity matrices were calculated by Pearson cross-correlation
nalysis conducted on a 30-s epoch with an 18-s overlap for all
lectrode combinations. For the brain connectivity matrix the
ame pair of electrodes was set to 0, while different pairs were
ssigned a connection strength weight. [ 52 ] Electrodes degree
nd the shortest path of all epoch-connectivity matrices were
ubsequently calculated. Strength connectivity in each channel
as calculated as mean over rows, and then was represented in
 topographic form. Results were visualized using the Visbrain
ython library.[ 53 ] For power-evolution and brain-correlation
easures, permutation tests comparing two populations were

dopted for statistical analysis.[ 54 ] All baseline epochs were an-
lyzed along with the same number of randomly selected mu-
ic therapy epochs. The null hypothesis assumed equal z-score
eans for the two periods. With 9999 permutations, the test

esults were corrected by the false discovery rate (FDR)[ 55 ] to
ddress possible type 1 errors, potentially leading to the rejec-
ion of the null hypothesis if the corrected P -value was less than
.05. 

esults 

Over a 5-month period from March 7, 2022, to July 11, 2022,
 total of 28 patients were screened for eligibility to partici-
ate in this study. Three patients were excluded due to their
eurological condition or mental health comorbidities, and 25
atients were invited to participate. One patient declined, leav-
ng 24 patients for randomization. One patient did not receive
he allocated intervention because he/she died shortly after ran-
omization, leaving a final sample of 23 participants. The flow
iagram of this study is presented in Figure 1 . 
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Figure 1. Flow diagram adapted from Schulz et al.[ 66 ] 

BRS: Brief Resilience Scale; CG: Control group; ICU: Intensive care unit; IG:Intervention group; MAR: Music-assisted relaxation; MV: Mechanical ventilation; PTML: 
Patient-preferred therapeutic music listening; RASS: Richmond Agitation–Sedation Scale; STAI-E6: 6-item State-Trait Anxiety Inventory; VAS: Visual Analog Scale. 
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ociodemographic and medical data 

The age range of patients was 24.0–84.0 years, with a median
ge of 66.0 years (IQR: 57.0–74.0 years). Of the 23 patients, 19
ere female (82.6%). The most frequent diagnoses were heart

ailure, infectious diseases, carcinomas, and post-surgery condi-
ions. The reason for MV was either surgical ( n = 5; 21.7%) or
bservation and symptom control ( n = 18; 78.3%). No statisti-
ally significant differences between baseline characteristics of
he three groups were found ( Table 1 ). 

ain outcome measure 

No statistically significant differences for the STAI-E6 were
ound in within- and between-group analyses. Median scores at
aseline were 40.0 (IQR: 36.0–50.0) and fluctuated in the fol-
owing measurement time points between median values of 31.5
nd 53.0. Table 2 shows the results of the STAI-E6 at baseline
nd interventions 1–4. 

econdary outcome measures 

ain, resilience, and agitation/sedation 

No statistically significant differences were detected for
ain, resilience, or agitation/sedation within or between groups
519
 Table 3 ). VAS pain levels fluctuated markedly during the study,
ith scores ranging between 0 and 8. The BRS scores were sta-
le between 3.0 and 3.2 across groups and measurement time
oints. The RASS scores did not indicate an occurrence of delir-
um in any of the three groups (means: − 1.0 to 1.0). 

ital signs 

Vital signs were measured before and after each intervention.
n the IG1 and IG2 groups, a trend toward decreased heart rate
nd RRs after the interventions was observed, but this was not
tatistically significant. No definite trend was observed for oxy-
en saturation and BP. Two statistically significant differences
ere observed for systolic and mean BP in the CG after inter-
ention 3 ( P = 0.036 and P = 0.015, respectively). Table 4 shows
he results for vital signs. 

ays of MV 

Patients in IG1 were intubated between 1 day and 5 days
median = 2.0, IQR: 1.0–3.0), in IG2, between 1 day and 15 days
median = 6.0, IQR: 2.0–9.0), and in the CG, between 6 days and
3 days (median = 8.0, IQR: 7.8–12.3), resulting in a statistically
ignificant difference between the groups ( P = 0.019). 
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Table 1 

Patient characteristics at baseline ( n = 23). 

Characteristic IG1 ( n = 8) IG2 ( n = 7) CG ( n = 8) P -value 

Age (years) 67.0 (58.0–75.5) 64.0 (58.0–69.0) 71.5 (43.5–74.0) 0.869 
Female 7 (87.5) 4 (57.1) 8 (100.0) 0.083 
Estado civil 0.613 

Single 1 (12.5) 1 (14.3) 2 (25.0) 
Married 3 (37.5) 5 (71.4) 4 (50.0) 
Divorced 4 (50.0) 1 (14.3) 1 (12.5) 
Widowed 0 0 1 (12.5) 

Sociodemographic status 
0.172 1 0 3 (42.9) 0 

2 2 (25.0) 1 (14.3) 3 (37.5) 
3 6 (75.0) 3 (42.9) 5 (62.5) 

Origin 1.000 
Bogotá 4 (50.0) 4 (57.1) 4 (50.0) 
Outside of Bogotá 4 (50.0) 3 (42.9) 4 (50.0) 

Education 0.959 
Primary school finished 1 (12.5) 2 (28.6) 2 (25.0) 
Secondary school not finished 1 (12.5) 0 1 (12.5) 
Secondary school finished 2 (25.0) 1 (14.3) 2 (25.0) 
University not finished 3 (37.5) 1 (14.3) 1 (12.5) 
University finished 1 (12.5) 2 (28.6) 2 (25.0) 

Reason for MV 0.837 
Surgical 2 (25.0) 2 (28.6) 1 (12.5) 
Symptom control 6 (75.0) 5 (71.4) 7 (87.5) 

ICU days 14.5 (8.0–26.0) 11.0 (10.0–22.0) 15.0 (11.5–24.5) 0.785 
MV days 2.0 (1.0–3.0) 6.0 (2.0–9.0) 8.0 (7.5–12.5) 0.019 
Patients receiving sedatives 4 (50.0) 6 (85.7) 7 (100) 0.314 

Fentanyl 3 5 7 
Fentanyl – Isoflurane 0 1 0 
Fentanyl – Midazolam 1 0 0 

Patients receiving analgesics 4 (50.0) 0 1 (12.5) 0.800 
Bupivacaine 1 0 0 
Hydroform 3 0 1 

Data are expressed as median (interquartile range) or n (%). 
CG: Control group; IG1: Intervention group 1; IG2: Intervention group 2; ICU: Intensive care unit; MV: Mechanical ventilation. 

Table 2 

Main outcome measure (STAI-E6) in different timepoints. 

Outcome 
measure 

Baseline Intervention 1 Intervention 2 Intervention 3 Intervention 4 P -value 

n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR) 

CG 8 45.0 (33.0–56.0) 8 38.0 (31.5–41.5) 8 45.0 (38.0–58.0) 7 43.0 (36.0–50.0) 5 36.0 (33.0–43.0) 0.176 
IG1 8 40.0 (33.0–44.5) 8 38.0 (31.5–45.0) 4 31.5 (28.0–36.5) 3 36.0 (33 .0–40.0) 2 35.0 (30.0–40.0) 0.654 
IG2 7 40.0 (36.0–43.0) 7 33.0 (33.0–40.0 3 46.0 (30.0–60.0) 2 53.0 (46.0–60.0) 2 39.5 (33.0–46.0) 0.179 
P -value 0.754 0.834 0.182 0.114 0.670 
Overall 23 40.0 (36.0–50.0) 23 36.0 (33.0–40.0) 15 40.0 (30.0–56.0) 12 41.5 (36.0–48.0) 9 36.0 (33.0–43.0) 0.330 

CG: Control group; IG1: Intervention group 1; IG2: Intervention group 2; IQR: Interquartile range; STAI-E6: 6-item State-Trait Anxiety Inventory. 

Table 3 

Secondary outcome measures (VAS, BRS, and RASS) in different timepoints. 

Parameter Outcome 
measure 

Baseline Intervention 1 Intervention 2 Intervention 3 Intervention 4 P -value 

n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR) n Median (IQR) 

VAS CG 8 5.0 (0.0–5.0) 8 2.5 (0.0–3.0) 8 6.0 (0.0–8.5) 7 5.0 (0.0–6.0) 5 3.0 (0.0–3.0) 0.571 
IG1 8 2.0 (1.0–2.5) 8 2.0 (0.0–6.5) 4 0.0 (0.0–1.5) 3 3.0 (0.0–7.0) 2 2.0 (0.0–4.0) 0.073 
IG2 7 2.0 (1.0–2.0) 7 3.0 (0.0–3.0) 4 0.0 (0.0–2.5) 2 8.0 (7.0–9.0) 2 5.5 (4.0–7.0) 0.654 
P -value 0.473 0.912 0.143 0.118 0.183 
Overall 23 2.0 (1.0–3.0) 23 3.0 (0.0–3.0) 16 0.0 (0.0–6.0) 12 5.0 (1.5–6.5) 9 3.0 (0.0–4.0) 0.624 

BRS CG 8 3.2 (2.7–3.5) NA NA 8 3.0 (2.7–3.2) 3 3.0 (3.0–4.0) 5 3.0 (3.0–3.0) 0.563 
IG1 8 3.1 (3.0–3.5) NA NA 4 3.0 (3.0–3.2) 1 3.2 (3.2–3.2) 2 3.0 (3.0–3.0) 0.563 
IG2 6 3.0 (2.6–3.1) NA NA 3 3.0 (1.6–3.1) NA NA 2 3.0 (3.0–3.0) 0.248 
P -value 0.645 NA 0.534 0.637 1.000 
Overall 22 3.1 (2.8–3.5) NA NA 15 3.0 (2.8–3.1) 4 3.1 (3.0–3.6) 9 3.0 (3.0–3.0) 0.916 

RASS CG 8 1.0 (0.5–1.0) 8 0.0 ( ‒1.0–0.5) 8 ‒0.5 ( ‒1.0–1.0) 7 0.0 ( ‒1.0–1.0) 5 ‒1.0 ( ‒1.0–0.0) 0.287 
IG1 8 0.0 ( ‒1.0–0.0) 8 0.0 ( ‒1.0–0.0) 4 0.0 ( ‒1.0–0.5) 3 0.0 (0.0–0.0) 2 0.0 (0.0–0.0) 1.000 
IG2 7 ‒1.0 ( ‒1.0–0.0) 7 ‒1.0 ( ‒1.0–0.0) 4 0.0 ( ‒1.0–0.5) 2 0.0 ( ‒1.0–1.0) 2 ‒0.5 ( ‒1.0–0.0) 0.654 
P -value 0.003 0.264 0.981 0.938 0.628 
Overall 23 0.0 ( ‒1.0 –1.0) 23 0 .0 ( ‒1.0–0.0) 16 0.0 ( ‒1.0–0.5) 12 0.0 ( ‒1.0–0.5) 9 0.0 ( ‒1.0–0.0) 0.273 

BRS: Brief Resilience Scale; CG: Control group; IG1: Intervention group 1; IG2: Intervention group 2; IQR: Interquartile range; NA: Not available; RASS: Richmond 
Agitation–Sedation Scale; VAS: Visual Analog Scale. 
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Table 4 

Vital signs in different groups pre- or post-each intervention. 

Parameter Outcome 
measure 

Intervention 1 Intervention 4 

Pre Post P -value Pre value Pre Post P -value 

n Median (IQR) n Median (IQR) n Median (IQ n Median (IQR) n Median (IQR) 

HR IG1 8 97.5 (75.5–109.5) 8 93.5 (69.5–103.0) 0.094 4 81.5 (69.0 500 2 79.5 (75.0–84.0) 2 77.0 (72.0–82.0) 0.500 
IG2 7 96.0 (77.0–98.0) 7 90.0 (82.0–98.0) 0.402 4 86.5 (82.0 500 2 82.5 (78.0–87.0) 2 78.0 (73.0–83.0) 0.500 
CG 8 83.0 (62.0–102.0) 8 85.5 (58.5–109.5) 0.528 8 89.5 (83.0 000 5 94.0 (92.0–99.0) 5 96.0 (91.0–99.0) 0.750 

RR IG1 8 15.5 (12.0–20.0) 8 14.5 (11.5–16.0) 0.348 4 13.5 (11.0 346 2 19.5 (19.0–20.0) 2 17.0 (15.0–19.0) 1.000 
IG2 7 14.0 (11.0–22.0) 7 14.0 (12.0–20.0) 0.269 4 18.0 (10.0 000 2 22.0 (12.0–32.0) 2 17.0 (11.0–23.0) 0.500 
CG 8 20.0 (15.0–25.0) 8 20.0 (15.0–23.5) 0.684 8 21.0 (19.0 787 5 24.0 (20.0–25.0) 5 19.0 (16.0–27.0) 1.000 

SpO2 IG1 8 95.0 (93.0–97.0) 8 96.0 (94.0–97.0) 1.000 4 94.0 (93.0 000 2 96.0 (95.0–97.0) 2 96.0 (94.0–98.0) 1.000 
IG2 7 96.0 (94.0–97.0) 7 97.0 (93.0–98.0) 0.586 4 95.0 (94.5 500 2 93.5 (90.0–97.0) 2 95.0 (92.0–98.0) 0.500 
CG 8 94.0 (91.0–94.5) 8 94.5 (90.5–96.0) 0.500 8 94.0 (92.0 461 5 94.0 (92.0–99.0) 5 94.0 (92.0–100.0) 1.000 

BP systolic IG1 8 128.0 (115.0–154.0) 8 128.0 (108.0–151.0) 0.326 4 108.0 (94. 000 2 115.5 (111.0–120.0) 2 113.0 (111.0–115.0) 1.000 
IG2 7 113.0 (95.0–143.0) 7 116.0 (94.0–135.0) 0.551 4 138.0 (126 000 2 131.5 (114.0–149.0) 2 110.0 (109.0–111.0) 0.500 
CG 8 104.0 (97.0–151.0) 8 110.5 (103.0–122.0) 0.833 8 111.0 (104 036 5 110.0 (104.0–115.0) 5 113.0 (109.0–128.0) 0.250 

BP diastolic IG1 8 67.0 (50.0–70.0) 8 62.0 (52.0–68.0) 0.261 4 47.0 (44.5 000 2 53.0 (46.0–60.0) 2 52.5 (45.0–60.0) 1.000 
IG2 7 64.0 (48.0–77.0) 7 55.0 (50.0–78.0) 0.553 4 78.0 (68.0 000 2 77.5 (65.0–90.0) 2 65.5 (65.0–66.0) 1.000 
CG 8 57.0 (53.0–66.0) 8 59.0 (52.0–62.5) 0.397 8 64.0 (47.0 073 5 54.0 (50.0–68.0) 5 64.0 (50.0–66.0) 1.000 

BP median IG1 8 87.5 (79.5–99.0) 8 79.0 (73.0–89.0) 0.149 4 66.0 (62.5 500 2 74.0 (63.0–85.0) 2 74.0 (66.0–82.0) 1.000 
IG2 7 89.0 (66.0–105.0) 7 81.0 (65.0–104.0) 0.149 4 103.0 (92. 000 2 100.5 (86.0–115.0) 2 81.5 (80.0–83.0) 0.500 
CG 8 74.5 (68.0–99.0) 8 74.0 (70.5–91.0) 0.624 8 81.0 (65.0 015 5 79.0 (75.0–81.0) 5 76.0 (76.0–85.0) 1.000 

BP: Blood pressure; CG: Control group; HR: Heart rate; IG1: Intervention group 1 2 : Oxygen saturation. 

E
x
tu

b
a
tio

n
 su

ccess
 

O
nly

 four
 participants

 required
 reintubation

 after
 their

 fi
rst

 

extubation;
 these

 w
ere

 tw
o
 patients

 in
 IG

1,
 one

 in
 IG

2,
 and

 one
 

in
 C

G
.
 T

hus,
 no

 statistical
 analysis

 w
as

 perform
ed.

 

D
a
y
s
 in

 th
e
 IC

U
 

T
he

 tim
e
 spent

 in
 the

 IC
U
 w

as
 betw

een
 3

 days
 and

 45
 days

 

(m
edian

 =
 14.5,

 IQ
R

:
 8.5–24.5)

 for
 IG

1,
 betw

een
 8

 days
 and

 30
 

days
 (m

edian
 =
 1.0,

 IQ
R

:
 10.5–18.0)

 for
 IG

2,
 and

 betw
een

 8
 and

 

34
 (m

edian
 =
 15.0,

 IQ
R

:
 12.8–23.8)

 for
 the

 C
G
 (
 P
 =
 0.786).

 

E
E

G
 m

ea
su

rem
en

ts
 

E
E
G
 p

o
w

er
 evo

lu
tio

n
 

Figure
 2

 show
s
 the

 pow
er

 change
 betw

een
 baseline

 and
 the

 

E
E
G
 co

n
n
ectivity

 

C
onnectivity

 strength
 changes

 betw
een

 baseline
 and

 inter-
 

vention
 for

 each
 electrode

 w
ere

 visualized
 in

 topographical
 plots

 

(
 Figure

 3
 ).
 D

elta
 band:

 a
 signifi

cant
 increase

 in
 strength

 in
 left

 

and
 right

 electrodes
 w

as
 found

 for
 patient

 3.
 P

atients
 1

 and
 2

 had
 

no
 signifi

cant
 results.

 Low
 B

eta
 band:

 a
 decrease

 in
 strength

 of
 

connectivity
 w

as
 found

 for
 patient

 1
 in

 the
 right

 central
 region

 

and
 for

 patient
 2

 in
 the

 prefrontal
 right

 region.
 T

heta,
 A

lpha,
 

and
 fast

 B
eta

 bands
 did

 not
 show

 any
 signifi

cant
 results.

 

D
isc

u
ssio

n
 

In
 this

 study,
 no

 statistically
 signifi

cant
 diff

erences
 betw

een
 

the
 anxiety

 levels
 of

 the
 patients

 in
 the

 three
 groups

 w
ere

 ob-
 

served.
 For

 secondary
 outcom

e
 m

easures,
 the

 intubation
 period

 

(days
 of

 intubation)
 w

as
 shorter

 for
 IG

1
 (
 P
 =
 0.019),

 but
 the

 sm
all

 

sam
ple

 size
 m

eans
 that

 correlating
 an

 intervention
 success

 to
 

this
 fi

nding
 is

 not
 possible.

 A
 m

ore
 consistent

 trend
 w

as
 ob-

 

served
 w

ith
 respect

 to
 a
 decrease

 in
 the

 H
R
 and

 R
R
 in

 both
 inter-

 

vention
 groups

 but
 this

 needs
 to

 be
 confi

rm
ed

 in
 future

 studies
 

w
ith

 larger
 sam

ple
 sizes.

 In
 previous

 pilot
 studies

 on
 the

 eff
ect

 

of
 m

usic
 therapy

 on
 patients

 w
ith

 M
V

,
 Lee

 et
 al. [

 56
 ]
 reported

 

m
ixed

 results,
 w

ith
 no

 signifi
cant

 changes
 in

 anxiety
 levels

 but
 

521
Intervention 2 Intervention 3 

 Post P -value Pre Post P -

R) n Median (IQR) n Median (IQR) n Median (IQR) 

–98.0) 4 81.0 (70.5–98.0) 1.000 2 65.5 (64.0–67.0) 2 64.0 (62.0–66.0) 0.
–94.5) 4 92.0 (87.5–97.5) 0.375 2 97.5 (84.0–111.0) 2 93.5 (77.0–110.0) 0.
–113.0) 8 84.5 (75.0–111.5) 0.208 7 91.0 (80.0–100.0) 7 88.0 (77.0–104.0) 1.
–18.5) 4 13.0 (12.0–17.0) 1.000 2 14.5 (12.0–17.0) 2 13.5 (11.0–16.0) 0.
–61.0) 4 12.0 (12.0–58.5) 1.000 2 22.5 (13.0–32.0) 2 21.5 (11.0–32.0) 1.
–33.0) 8 21.5 (15.5–28.5) 0.554 7 26.0 (21.0–31.0) 7 26.0 (16.0–33.0) 0.
–96.0) 4 97.0 (95.5–98.5) 0.181 2 96.5 (95.0–98.0) 2 96.5 (95.0–98.0) 1.
–97.0) 4 96.5 (95.5–97.0) 0.773 2 94.0 (92.0–96.0) 2 96.5 (95.0–98.0) 0.
–97.0) 8 95.5 (93.0–97.5) 0.670 7 93.0 (90.0–95.0) 7 93.0 (90.0–98.0) 0.
0–118.5) 4 115.5 (98.5–127.5) 0.125 2 115.5 (114.0–117.0) 2 119.5 (114.0–125.0) 1.
.0–174.0) 4 129.0 (118.0–165.0) 0.269 2 147.5 (131.0–164.0) 2 150.0 (128.0–172.0) 1.
.5–134.0) 8 116.0 (108.0–130.0) 1.000 7 121.0 (102.0–161.0) 7 104.0 (102.0–155.0) 0.
–60.0) 4 52.5 (46.0–62.5) 0.789 2 58.5 (51.0–66.0) 2 57.5 (48.0–67.0) 1.
–81.5) 4 69.0 (58.5–79.0) 0.250 2 82.0 (81.0–83.0) 2 78.5 (74.0–83.0) 1.
–75.0) 8 60.0 (47.0–68.0) 0.310 7 65.0 (51.0–72.0) 7 66.0 (51.0–68.0) 0.
–78.5) 4 71.0 (63.5–85.5) 0.461 2 80.0 (76.0–84.0) 2 81.5 (77.0–86.0) 0.
0–108.5) 4 96.5 (82.5–100.0) 0.250 2 105.5 (100.0–111.0) 2 105.0 (98.0–112.0) 1.
–93.5) 8 83.0 (69.0–86.5) 0.528 7 82.0 (71.0–104.0) 7 80.0 (67.0–96.0) 0.

; IG2: Intervention group 2; IQR: Interquartile range; RR: Respiratory rate; SpO
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Figure 2. Topographic maps showing the change in power spectral densities averaged over all epochs between baseline and music therapy intervention for three 
ventilated ICU patients (rows). The different frequency bands —delta, theta, alpha, slow beta, and fast beta —are presented in columns one to five, respectively. The 
white marker size of the electrode represents the value of the change: the greater the size, the greater the increase. The color bar was adjusted for each frequency band 
for the three patients, with a perceptually uniform colormap symmetrically centered at zero, where purple represents a decrease and yellow represents an increase 
in standard deviations of the power evolution of the intervention with respect to the baseline. Electrodes with significant changes ( P < 0.05 from the permutation 
test FDR corrected) are marked with an asterisk. Patients 1 and 3 were part of IG1 and patient 2 was part of IG2. 
BSL: Baseline; FDR: False discovery rate; ICU: Intensive care unit; IG1: Intervention group 1; IG2: Intervention group 2; MTI: Music therapy intervention. 

Figure 3. Correlation matrix with channels as nodes and links as the change in the Pearson correlation in PSD evolution between baseline and music therapy 
intervention between all electrodes for three ventilated ICU patients (rows). The different frequency bands —delta, theta, alpha, slow beta, and fast beta —are 
presented in columns one to five, respectively (See Methods for the values of the bands). The color bar was adjusted for each frequency band, with a perceptually 
uniform colormap centered at zero, where purple represents a decrease and yellow represents an increase in the correlation of the power evolution among all 
electrodes during the intervention relative to the baseline. 
BSL: Baseline; ICU: Intensive care unit; MTI: Music therapy intervention; PSD: Power spectral density. 
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Hunter et al.[ 35 ] used live music therapy songwriting or
mprovisation during weaning from MV trials of 61 patients
atched to a historical CG. The results showed a decrease in
atient-rated and nurse-rated anxiety levels, a decrease in HR
nd RR, but no significant differences in days to wean from
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V. More recently, Golino et al.[ 25 ] used entrained live music
y a certified music therapist with 118 patients, resulting in
tatistically significant differences in agitation, pain, and HR,
ut not for RR or oxygen saturation. In this study, two different
usic therapy methods —–MAR and PTML —–were used. While

ive music is the preferred approach as it is more versatile and
hus safer, recorded music can be a valuable strategy, especially
hen based on a previous assessment, in relation to specific

linical goals, and applied within the context of a therapeutic
elationship. 

For EEG measurements, changes in the PSD for different EEG
requency bands and brain connectivity have been found to be
elevant for identifying and understanding brain biomarkers for
hronic pain and pain perception.[ 58–60 ] Evidence suggests that
usic can modulate brain activity in structures associated with
epression, post-traumatic stress, and anxiety.[ 61 ] However,
here is lack of information on how music therapy affects brain
ctivity in MV patients. Some of the trends in our EEG measure-
ents (e.g., delta and theta band power decreases in patients
 and 2) were also reported in a study on music therapy with
hronic pain patients.[ 40 ] In particular, the theta band has been
elated to attention processes and to pain processing through
he insular cortex.[ 62 ] A decrease in this band may be linked to
he analgesic effect produced by music therapy, but additional
tudies are needed to address this finding. For patient 2, we
ound a power increase on both beta frequencies (slow and fast)
n the frontal areas of the brain. This activity has been widely
eported as cognitive activity and focused attention.[ 63 ] Thus,
e hypothesize that listening to patient-preferred music might
ave activated attention and cognition. Similar findings are re-
orted in the literature; for example, an increase in beta power
n frontotemporal areas was observed in unconscious patients
uring preferred music-listening.[ 64 ] We found almost no signifi-
ant changes in connection strength for the shortest path and de-
ree measures. This is congruent with a study involving 51 par-
icipants with varying levels of generalized anxiety and which
eported no significant alterations in brain connectivity metrics
uch as the shortest path.[ 65 ] The shortest path is understood
s the efficiency of the network for rapid communication of in-
ormation between distant brain regions.[ 54 ] This suggests that
ven if there are changes in the power of band frequencies, the
onnectivity networks between nodes may maintain similar lev-
ls of efficiency, regardless of changes in stress and anxiety lev-
ls. However, the low number of samples and time analyzed for
ach patient do not allow more definite conclusions to be drawn.

trengths and limitations 

Although the results of our study cannot be generalized ow-
ng to the pilot status of the study, we implemented method-
logical robustness by including a parallel CG, randomization
f group allocation, and blinding of data collection and data
nalysis. For the outcome measures, we used well-validated re-
earch tools and added the BRS to detect any mediating role of
esilience on anxiety or pain. Our study explores MV patients
rom a broad perspective, highlighting the importance of emo-
ional and psychological aspects within the dynamics of an ICU
ospitalization. This approach was highly appreciated by the
taff, patients, and caregivers and music therapy was widely ac-
523
epted as a viable, safe, and humanizing healthcare intervention
ith this population. 
This study has several limitations. First, the quantitative ap-

roach taken in this pilot study does not recognize the lived ex-
eriences and meaning that music therapy might have for MV
atients. However, most patients transitioned to tracheostomy
fter extubation, and a significant percentage of patients passed
way during hospitalization, which might challenge a qualita-
ive approach with this population. A previous mixed-methods
tudy also reported difficulties in collecting and analyzing qual-
tative data since patients did not remember much from their
CU stay.[ 57 ] The feasibility of a qualitative or mixed-methods
pproach should be explored in a future study. Second, hetero-
eneity among the patients was high. Neurological patients face
iverse challenges and trajectories within the ICU. Distinguish-
ng between causes of MV (e.g., traumatic brain injury, respira-
ory diseases, postsurgical conditions) should be considered in a
uture main trial. Third, although we aimed for a process-based
pproach across several days, only 9 of the 24 randomized pa-
ients (37.5%) finished all four interventions. This is because
ost stable patients with a RASS of − 1.0 to + 1.0 are extubated

apidly. Furthermore, seven patients (29.2%) died during the
ourse of their hospitalization, meaning that the attrition rate
n this context might be higher than in other settings. Fourth,
ain levels fluctuated considerably over the course of the study
eriod. This could be due to various reasons, such as daily sched-
led medical procedures, physiotherapy, suctioning of the endo-
racheal tube, or worsening of clinical symptoms. Thus, in future
tudies, self-reported and externally rated pain levels should be
onsidered, such as in the study by Golino et al.[ 25 ] Fifth, while
easuring resilience was an innovative component of this study,
any patients did not fully understand the items of the scale.
he BRS uses similar items phrased positively and negatively,
ut this was cognitively too challenging for patients consider-
ng the severity of their medical condition. Thus, we found the
RS was an inadequate tool for the specific population of our
tudy. Sixth, maintaining blinding is challenging and resource-
ntensive in the ICU. As the doors of the ICU rooms are made of
lass, the blinded research assistant could not be present at the
CU during the intervention or control conditions. However, the
esearch assistant had to be available quickly after the interven-
ions finished to take the measurements, as patients often have
 busy schedule in the ICU and any other procedure or therapy
ould alter current anxiety and pain levels and vital signs. Fi-
ally, the impediment of moving the patient’s head due to intu-
ation presented various challenges for the EEG measurements.
sing caps with electrodes was not feasible, but a setup with free
old cup electrodes allowed the necessary connections in the
ost difficult areas of the head to be made more rapidly. Fur-

hermore, the highly dynamic environment of the ICU presented
ubstantial challenges to standardizing the intervention protocol
uring EEG recording, including potential interruptions, medi-
al emergencies, and the considerable background noise from
he hospital environment. 

onclusions 

This might be the first study regarding music therapy with
V patients in Colombia. Music therapy is a relatively new field

f clinical practice and research in the country, although the ap-



M. Ettenberger, R. Casanova-Libreros, J. Chávez-Chávez et al. Journal of Intensive Medicine 4 (2024) 515–525

p  

W  

f  

a  

s  

i  

a  

s

A

 

s  

R  

i  

W  

J  

m  

i  

M  

a  

&  

W  

I  

m
Z  

o

A

F

 

R  

c  

m

E

 

s  

U  

0  

P  

c  

a  

a  

i  

D  

T  

I

C

 

n  

p

D

 

c  

r

R

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[  

[  

 

[  

 

[  

 

[  

[  

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

[  

 

 

 

[  

 

[  

 

 

roach is being increasingly implemented in hospital settings.
hile a larger confirmatory study is needed to determine the ef-

ectiveness of live music therapy with this population, the high
cceptability by staff, patients, and caregivers is promising. Our
tudy further supports the music therapy profession in Colombia
n being recognized as a safe, effective, and humanizing therapy,
nd positions music therapists as innovative and competent re-
earch partners for future studies in medical contexts. 
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