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Abstract: Music is frequently used in different clinical settings, and it is implemented as a comple-
mentary, low-cost and useful intervention to reduce pain, anxiety and to improve relaxation. This
pilot pre–post study aimed to examine the feasibility and preliminary effectiveness of a specific
musical intervention in patients ≤16 years admitted to the Pediatric Intensive Care Unit (PICU) of
an Iraqi hospital. The COMFORT Behavior Scale (CBS) was used by nurses to assess the level of
sedation. Fifty-nine children were enrolled during the study period (March 2020–August 2021). CBS
was lowered by 2.2 (95% CI: 1.9 to 2.6) points after 30 min, and by 3.3 (95% CI: 2.9 to 3.6) points
after 60 min from music initiation. Thirty minutes after music initiation, heart rate decreased by
6.3 (95% CI: 4.5 to 8.1) beats per minute, whereas at 60 min, heart rate decreased by 9.1 (95% CI: 7.2
to 10.9) beats per minute. No clinically significant variations were detected in the other vital signs
(blood pressure, respiratory rate and oxygen saturation). These findings support the feasibility of
musical intervention in a developing country. CBS and heart rate variation may be worth following
up in larger and conclusive studies.

Keywords: musical intervention; nursing care; pain management; comfort behavior scale; developing
countries; pediatric intensive care unit

1. Introduction

Listening to music has been used for centuries by various cultures and professions
for a wide range of healing and wellness purposes [1]. Music is used in clinical settings
around the world, it is perceived as a complementary, non-invasive, inexpensive and useful
intervention to reduce pain, anxiety and distress and to improve relaxation [2,3].

In pediatric healthcare, complementary care methods such as the application of musi-
cal intervention is a promising resource to be integrated with standard medical treatments
for patient recovery and well-being [4,5]. In the Pediatric Intensive Care Unit (PICU),
physical environments are constantly saturated with sounds and noises, that can lead to
abnormal physiological responses, such as increased heart rate (HR) and/or respiratory
rate (RR) [6,7]. Sensory and environmental deprivation, which may characterize ICUs with
inadequate staffing or resources, may lead to stressful responses as well, which can be
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harmful to the neurodevelopment of children during PICU stay [8,9]. Several random-
ized trials have investigated the impact of musical intervention in critically ill adults and
neonates but very few studies have explored musical intervention in pediatric critically ill
patients [10]. Furthermore, research is usually conducted in developed countries, often in
tertiary level hospitals, whereas literature lacks studies from developing countries, where
there are a low number of critical care specialists, access to services can be troublesome, the
technological resources are scarce [11] and behavioral responses to musical intervention
can be different.

Therefore, the aim of this study was to examine the implementation of a specific
musical intervention in children admitted to PICU in an Iraqi hospital and to search for
clinically meaningful variation that may be worth following up in a larger study.

2. Materials and Methods
2.1. Study Design and Setting

This pilot study took place at Hevi Pediatric Teaching Hospital of Duhok City (Iraq),
from March 2020 to August 2021. All patients aged ≤16 years and admitted to PICU were
exposed to a specific musical intervention, twice a day, which was reported using current
recommendations [12]. The Hevi Pediatric Teaching Hospital has 190 beds (10 beds in
PICU) and it is the main hospital in Duhok, which is the capital city of Duhok Governorate
in the Kurdistan Region (Iraq). The Duhok Governorate has received the largest influx of
displaced population, both refugees and migrants, since the beginning of the Syrian crisis
in 2011 [13]. This phenomenon has put pressure on the health care system and economy
given that the hosting capacities are overstretched.

The study protocol was approved by the Ethics Committee of Hevi Paediatric Teaching
Hospital of Duhok.

2.2. Musical Intervention

Music was composed, played and produced by two musicians and music therapists.
Music used precise technical criteria, which did not consider children’ preferences nor their
age but only some universal and intersubjective aspects of the music (i.e., tempo, rhythm,
timbre, melody, scales and harmony), to favor its generalizability to the PICU environment.

All technical characteristics of the music followed the indications provided by previous
literature [14–16]. In detail (further information available in Supplementary Materials),
432 Hz tuned music was specifically chosen for its physical and mathematical properties,
which determine a more stable and harmonic sound [17–19]; and a frequency (tempo) of
70 beats per minute (bpm) was selected to favor the entrainment, which describes a process
whereby two rhythmic processes interact with each other in such a way that they adjust
towards and eventually “lock in” to a common phase or periodicity [20,21]. Considering the
broad range of HR which we may encounter in a PICU, we chose 70 bpm as the frequency
towards which individual HR could be pulled downwards, eliciting greater comfort.

Nurses managed the musical intervention, which consisted of 1 h of music played
with a stable volume of approximately 50 decibels (limited to 60 decibels) by a stereo
speaker system nearby the PICU beds, by allowing everyone (children, mothers and PICU
staff) in the open-space room to listen to the music. The intervention was repeated for
1 h in the morning and 1 h in the afternoon, for the entire length of stay. Five tracks
with styles, harmonies and timbres of musical instruments from both the western and
oriental tradition were used as musical intervention. Two musical tracks (“Signs” and
“Elephant”) had already been tested in previous clinical trials on adults [17–19] and one
musical track (“Bliss”) was composed with the same criteria as those already tested, to be
suitable for pediatric age. Finally, two songs (“Mother’s Mantra” and “Lullaby Melody”)
were composed specifically for this project with the addition of a female voice in order
to stimulate the cerebral neuroplasticity, activating a wide range of brain structures in
children [22,23]. Before, during the musical intervention (at 30 min) and after 1 h, nurses



Children 2022, 9, 455 3 of 10

recorded vital signs and filled the COMFORT Behavior Scale (CBS). No medical or nursing
procedures were planned during the musical intervention.

2.3. Data Collection

Baseline characteristics, including demographics and other information (i.e., religion),
type of respiratory support (spontaneous breathing with oxygen therapy or mechanical
ventilation), and vital signs such as HR, RR, blood pressure (BP) and oxygen saturation
(SpO2) were collected by the trained nurse in charge. The main outcome measure was
the sedation level evaluated using the CBS, which is a scale containing six behavioral
dimensions: alertness, calmness or agitation, respiratory response or crying, physical
movement, muscle tone and facial expression [24]. Each item is assessed based on a five-
point Likert scale, from 1 (no distress) to 5 (severe distress). The total score ranged from
6 to 30 points, and each child was observed for 2 min. The cutoff points of the CBS were
10 and 23, where less than or equal to 10 represented oversedation and greater than or
equal to 23 represented under sedation [25]. The CBS was introduced into clinical practice
independently of the present study and, before starting data collection, a specific training
was carried out on the PICU nursing staff.

2.4. Statistical Analysis

Variables were summarized by median and interquartile range (IQR) or count and
percentage (%). To evaluate the variation over time of the CBS, a mixed-effect regression
model was fitted. The time-points selected were the three moments of assessment, namely
before the intervention (Pre), after 30 and 60 min. Other time points were included as
independent variables: days and moments (i.e., morning and afternoon) in which musical
intervention was administered. The model was adjusted for the age of participants, which
was represented by a three-knot restricted cubic spline function. Since each child was
expected to have a unique reaction to pain, a random effect was included for participants;
the model was fitted with an autocorrelation structure. The same approach was considered
for estimating HR variation after and before musical intervention, as well as variation
in other vital signs, considered as exploratory outcomes. The statistical analysis was
performed using R Core Team (2019), version 3.6.1, with packages lme4 added [26].

3. Results

Data were collected on 59 children admitted to PICU during the study period. Table 1
describes demographic characteristics at baseline. Since 23.7% (14/59) of children had
more than six days of observation, analysis covered the first five days to further avoid
unreliable estimates.

As detailed in Table 2, the majority of children were mechanically ventilated: 72.7%
(24/33) were on pressure support ventilation and 27.3% (9/33) were on controlled ven-
tilation. All children received analgesia (i.e., fentanyl or morphine) and sedation (i.e.,
midazolam or propofol) intravenously. Prior to initiation and during the music interven-
tion, the dosage of administered drugs (rate of infusion or boluses) was not changed, and
neuromuscular blocking agents were not administered.

Before the musical intervention, 46 children (78.0%) had an adequate sedation (CBS
11–22), 12 (20.3%) were over-sedated (CBS ≤ 10) and only 1 child (1.8%) was under-sedated
(CBS ≥ 23). During the intervention all children had their mother next to the bed and no
medical or nursing procedures were performed.

Figure 1 shows the estimated CBS variation after the intervention. We found no
evidence of association with the moment of the day (morning or afternoon) in which the
musical intervention took place (0.1, 95% CI: −0.2 to 0.4 points). CBS was lowered by 2.2
(95% CI: 1.9 to 2.6) points after 30 min, and by 3.3 (95% CI: 2.9 to 3.6) points after 60 min
from music initiation. Estimated drop between 30 and 60 min is 1 (95% CI: 0.7 to 1.4) point.
Overall, we found evidence of association between CBS and days of PICU stay, with a
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variation of −1.3 (95% CI: −2.0 to −0.7) points after five days. Age of participants was not
associated with the CBS variation (P = 0.568).

Table 1. Demographic and clinical characteristics of the patients.

Characteristics N = 59

Age (years) 2.0 (0.7–8.0)

Sex
Male 35 (59.0%)

Female 24 (41.0%)

Religion
Muslim 49 (83.0%)

Yazidism 10 (17.0%)

Admission Diagnosis
Gastrointestinal 18 (30.5%)

Neurologic 15 (25.4%)
Cardiovascular 7 (11.9%)

Trauma 7 (11.9%)
Nephrological 4 (6.8%)

Oncologic 1 (1.7%)
Respiratory 1 (1.7%)

Other diagnosis 6 (10.2%)

Table 2. Respiratory support and vital signs at baseline.

Respiratory Support N = 59

Spontaneous breathing 26 (44.1%)
High flow nasal cannula 18 (30.5%)

Oxygen mask 8 (13.6%)
Mechanical ventilation 33 (55.9%)

Endotracheal tube 30 (50.8%)
Tracheostomy tube 3 (5.1%)

Vital Signs

Heart rate (beats per minute) 132.0 (114.0–148.0)
Systolic blood pressure (mmHg) 114.0 (103.0–124.0)
Diastolic blood pressure (mmHg) 64.0 (57.0–76.0)

Respiratory rate (breaths per minute) 32.0 (29.0–41.0)
Oxygen saturation (%) 100.0 (98.0–100.0)

HR time profiles for individual subjects stratified by days of observation are reported
in Figure 2. Thirty minutes after music initiation, HR decreased by 6.3 (95% CI: 4.5 to 8.1)
bpm, whereas at 60 min, HR decreased by 9.1 (95% CI: 7.2 to 10.9) bpm. No evidence of
association was found between HR variation and morning/afternoon assessment (−1.0,
95% CI: −2.7 to 0.7 bpm). Contrary to the findings from the model for CBS, we found
evidence of an association between age and HR (P < 0.001), suggesting a decrease in HR as
age increased. Generally, HR decreased with the time children spent in PICU: after 5 days,
HR reduced by 17.5 (95% CI: 11.9 to 23.1) bpm. Differences in the other vital signs (BP, RR
and SpO2) are reported in Supplementary Materials.
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4. Discussion

This pilot study describes the implementation of a specific musical intervention in
children admitted to PICU in a developing country. Our findings showed a meaningful
reduction in CBS after 30 and 60 min from musical intervention, with no evidence of associ-
ation with the moment of the day in which it took place. HR showed a decreasing trend
after musical intervention as well, regardless the moment of the day and within limited
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range. Moreover, we reported differences in other vital signs after musical intervention;
however, these were far from being clinically meaningful.

Several studies have examined the positive responses to musical interventions in
premature infants admitted to the neonatal ICU [27–29], but few involved pediatric patients.
Previous experience showed that musical interventions in PICU were feasible and likely
improved the comfort of children under mechanical ventilation [30], but no studies have
been conducted so far in PICUs of developing countries. In fact, not all the interventions
carried out in the ICUs of developed countries are feasible when adopted in clinical settings
with less resources [31]. Musical intervention by listening to recorded music from a speaker
is practical and much cheaper than listening to music live or through headphones, which
are mostly used during clinical investigations [32]. The musical intervention adopted in
this study is simple to perform at bedside, and nursing staff do not require specific training
to implement it. Being highly reproducible, it can be incorporated into nursing care even
when resources are scarce [32] and there is little chance to consider patients’ preference.

Our findings showed a meaningful variation (i.e., CBS ≥ 2) of level of sedation
assessed with CBS: although this is a pilot observational study, the results support the
use of music as an inexpensive and non-pharmacologic intervention to elicit a change
in CBS and HR, that is worth further exploration. Moreover, our study shares similar
results with other studies conducted in different countries [30,33,34]. A recent study
conducted in China demonstrated that CBS of 50 children admitted to PICU was lower
in the group exposed to musical intervention (CBS variation was by −2.1 points after
60 min), indicating more comfort compared to the control group [30]. Another study
conducted in 84 children from Brazil looked at the use of classical music in PICU following
heart surgery, demonstrating that musical intervention had a significant beneficial effect
during the postoperative period, evaluated using both a facial pain scale and HR [34]. The
physiological aspect of HR reduction is in agreement with other investigations that have
also registered a variation after musical intervention [35]. Music induces effects based on
autonomic responses: for this reason, it can slow down the RR and modulate autonomous
cardiovascular regulation [36,37], eventually reducing HR. These results are also in line
with the assumption that music with a slow steady rhythm provides stress reduction by
altering inherent body rhythms, such as the HR [38]. Overall, the benefits of any musical
intervention could have a positive impact by mitigating stress symptoms; however, no clear
clinically important differences are available so far in the considered literature to determine
a positive response after musical intervention.

Regarding other vital signs, which showed a statistically significant variation, few
considerations about lack of clinical relevance can be made. Of the children, 44.1% were
breathing spontaneously, whereas the others had some type of respiratory support with
oxygen supplementation. Data collection was not as accurate as to describe ventilatory
modes or to quantify oxygen prescription; however, we can think that respiratory support
was well managed, thus showing on average a small variation in both RR and SpO2. By
consequence, during musical interventions in PICU, relying on SpO2 or RR might be a poor
choice due to the presence of confounding. It is intuitive thinking that stress affects BP as
well; however, inotropic support and sedation affect BP too, which were not recorded in the
present study. Validity of the 3–7 mmHg drop seen in our study should be interpreted with
caution; however, it is important to note that such variation is greater than one reported by
the pilot randomized controlled trial of Liu et al. (i.e., −2.4 and −3.8 mmHg for systolic
and diastolic BP, respectively) [30].

The choice of music pieces is the cornerstone of any therapeutic listening [32]. The
tracks must be specifically composed taking into consideration the setting (the hospital
wards are different from each other), the age (children, as opposed to newborns or adults)
and the cultural background of those who listen (choice of instruments, styles and gen-
res) [39]. Particularly, despite neurobiological traits for musicality being shared among
all humans, cultural variability and uniqueness of each musical event might have a role
towards an effective musical intervention played locally. Independently from children’s



Children 2022, 9, 455 7 of 10

preferences, the musical tracks used in the present study considered universal and inter-
subjective aspects of the music to favor its generalizability.

Unlike previous studies, this research was carried out in Iraqi Kurdistan, a socio-
cultural context where the children are predominantly of Arabic culture (Muslim and
Yazidi). The essence of traditional Islamic music is contained in the notes themselves, in
scales that exploit the vast expressive possibilities of microtonality, using notes not used in
Western music [40]. Indeed, microtones (i.e., shruti) derived by bansuri flute and voice were
used in the music tracks. The melodic structures of traditional Islamic music allow for the
communication of an infinite variety of human emotions and spiritual attitudes. However,
even more important than the notes themselves are the ways in which their understanding
is conveyed [40]. Nevertheless, the present findings yielded similar and positive results in
terms of CBS and HR, as collected from other experiences from developed countries.

The majority of musical interventions in children were mainly conducted out of PICUs,
and all described a significant reduction in pain, anxiety and distress before, during or after
a minor or major surgery [41] or in the emergency department, particularly for children
undergoing intravenous placement [42]. Even in a large meta-analysis [43], few studies
(only five RCTs) included children, and all the interventions were performed outside PICUs.
Evidence suggests that musical interventions should be considered for clinical use as non-
pharmacological interventions in different wards; furthermore, listening to music through
speakers could also benefit the parents and the ICU staff [42]. Therefore, considered the
paucity of studies, further investigations in different contexts and cultures are necessary to
deepen the use and effectiveness of the musical intervention in the routine care of PICU.

Strengths and Limitations

Several study limitations need to be addressed. We did not use a control group so
changes in outcomes should not be interpreted under causality. Blinding of nurses assessing
study outcomes was not possible, thus outcome assessment could be influenced by nurses.
Formally, we did not explore feasibility, conceived as how nurses experienced the delivery
of the musical intervention. However, staff considered such initiative generally positive,
especially because it did not increase workload nor required additional training. Moreover,
we could not record the exact noise volume in the PICU nor the distance between the
stereo speakers and children’ ears. Contrary to the current suggestions, we did not use
headphones during the musical intervention [32].

Despite these limitations, we have provided initial impression of CBS and HR variation
following a non-pharmacologic treatment. Narrow confidence intervals and medium-to-
large effect sizes in CBS variation at 30 (approximate Cohen’s d = 0.78) and at 60 min (d = 1.1)
are promising to look further into musical intervention in PICU as conceived in the present
study, which used specific characteristics that are unique in the literature. Furthermore,
setting the smallest effect size to a CBS variation of 2 within our data, we obtained a
statistical power of 100 (95% CI: 99.2 to 100.0) %, using 500 Monte Carlo simulation and
SIMR package [44], thus making our findings reliable.

5. Conclusions

This pilot study supports the application of a tailored music intervention that plausibly
changes the level of sedation in children admitted to PICU. As a non-pharmacologic therapy,
music can be individualized according to cultural variability, argued to evoke pleasant
nervous-mediated responses. Most importantly, music remains a low-cost intervention,
particularly suitable in developing countries.

Further studies are needed to provide conclusive evidence about the efficacy of musi-
cal therapy in critically ill children in PICU, possibly adjusting for concomitant medical
therapies. Definition of clinically important differences in the behavioral and physiologic
parameters considered so far in literature remains a crucial point for future projects on
musical interventions in PICU.
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Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/children9040455/s1, Figure S1: Time profiles of Respiratory Rate in the
59 participants from day 1 to day 5; Figure S2: Time profiles of Oxygen Saturation in the 59 participants
from day 1 to day 5; Figure S3: Time profiles of Systolic Blood Pressure in the 59 participants from
day 1 to day 5; Figure S4: Time profiles of Diastolic Blood Pressure in the 59 participants from day 1
to day 5; Table S1: Estimates of mixed-effect models; Table S2: Musical intervention details.
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