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ABSTRACT

Background and study aims The primary objective was
to measure the effect of music as an adjunct to sedation in
patient anxiety levels during pediatric endoscopic examina-
tions.

Patients and methods We performed a single-blind ran-
domized controlled trial comparing music with no music in
children aged 2 to 18 years. Anxiety was measured using
the Modified Yale Preoperative Anxiety Scale (m-YPAS) and
the Visual Analog Anxiety Scale (VAS-anxiety). Patient per-
ception of pain was evaluated with the Wong-Baker Faces
Pain Rating Scale (WBFPRS). Patient experience, family sa-
tisfaction, and endoscopist perception of difficulty were
evaluated. Sedative doses were recorded.

Results A total of 51 children were randomized to the ex-
perimental group and 49 children to the control group.
The mean ages were 10.5 years and 12.3 years, respective-
ly. There were 63 % female subjects with no differences be-
tween groups. Overall, there were 85 upper endoscopies
and 15 colonoscopies. In the recovery unit, the experimen-
tal group had lower average m-YPAS scores (mean score
27.7 vs 34.7; P<0.001), a higher proportion of them had
low m-YPAS scores (80% vs 49% P<0.001), had lower VAS-
anxiety scores [mean score 0.55 vs 1.57 (P=0.003)], and
had lower WBFPRS scores [mean score 2.7 vs 1.3 (P=
0.001)]. There were no statistically significant differences
found in the amount of standard sedation given to the
groups, nor in additional sedation administered. In the ex-
perimental group, the patient-reported experience was sig-
nificantly better.

Conclusions The study results show that music reduces
anxiety and pain associated with endoscopic procedures in
children. It also facilitates these procedures and improves
patient satisfaction.

Introduction

Medical examinations intended to improve the health and wel-
fare of children may also cause them pain and anxiety. Endos-
copy has become an essential diagnostic and treatment meth-
od for many gastrointestinal diseases. However, it is an invasive
technique that causes anxiety in children, which sometimes
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leads to uncooperative patients and administration of higher
levels of sedative medications. Furthermore, the number of
endoscopic procedures is increased, leading to an inevitable ac-
cumulation of drug-associated adverse events (AEs), especially
in young children [1,2].

Although there are data to support the use of non-pharma-
cological techniques, their use is not standardized across prac-
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titioners and settings. Distraction has received recent attention
and involves engaging children in cognitive or behavioral tasks
to divert their attention from painful stimuli and reduce both
pain and distress [3-6]. The contemporary definition of pain
used by the International Association for the Study of Pain
(IASP) is based on the multidimensional definition proposed by
Melzack and Casey [7]. More recent studies have shown that
these dimensions are partially dissociable, as the cognitive
state of a person can modulate pain perception. Thus, distrac-
tors such as music may reduce the pain perceived [8,9].

Music has been acknowledged as an inexpensive, safe, non-
invasive, and effective non-pharmacological anxiolytic agent.
Studies in adults have shown its effectiveness in reducing anxi-
ety, improving patient tolerance for a procedure, and decreas-
ing the dose of sedative medication required [10-16]. Some of
these benefits have also been observed during other clinical
procedures in children [17,18]. A meta-analysis of the effect
of perioperative music in pediatric surgery demonstrated a sig-
nificant positive effect on pain, anxiety, and distress [19]. In
general, studies show substantial clinical heterogeneity. There
is need for a more homogeneous and systematic approach to
evaluate the utility of music for this specific population and
identify results that are clinically applicable.

To our knowledge, this is the first study in pediatrics to eval-
uate the role of music as an adjunct to sedation for gastrointes-
tinal endoscopy. The primary objective of this study was to
measure the effect of music on anxiety levels during pediatric
endoscopic examinations.

Patients and methods
Sample and design

The study was designed as a single-blind randomized controlled
trial. It was conducted in the Endoscopy Unit of the Clinical
Hospital of the Pontificia Universidad Catélica of Chile. All pa-
tients between 2 and 18 years who were scheduled for outpati-
ent endoscopic procedures were asked to participate in the
study. Subjects were excluded if they had abnormal hearing,
cognitive impairment, severe chronic disease, Midazolam or ke-
tamine allergy or if the procedure was scheduled for therapy.
The nurses attending the patients were not blinded to the inter-
vention in order to conduct the study. The physician perform-
ing all the procedures was JCG, who was blinded to the music
intervention. Patients were recruited from November 2014 to
January 2019.

The study was approved by the Scientific Ethics Committee
of the Pontificia Universidad Catélica de Chile (#14-416).

Procedure

Before the procedure, the physician made an evaluation with
the scales and then left the room. The nurse then asked the pa-
tient to choose a song from a music application in an electronic
device. The nurse opened the randomization envelope and if
“yes” appeared, the music was turned on; if “no” appeared,
the headphones were left in place without sound. She then in-
serted the venous line.
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Arrival
Informed consent/assent

Procedure room
m-YPAS + VAAS + WBFPRS

Salivary cortisol
Headphones + song choice
Randomization

Venous line + sedation
Endoscopic procedure

Recovery unit
m-YPAS + VAAS + WBFPRS
Salivary cortisol

Endoscopists procedure scale
+ Experience scale

» Fig.1 Study flowchart. m-YAS, Modified Yale Preoperative Anxi-
ety Scale; VAS-anxiety, Visual Analog Anxiety Scale; WBFPRS,
Wong-Baker Faces Pain Rating Scale.

Subjects were randomly assigned to the experimental
group, which included music, or to the control group, which re-
ceived the routine procedure. The randomization list was gen-
erated by computer software on a 1:1 basis in blocks of 20.
Treatment allocation was concealed by using sealed opaque en-
velopes that were consecutively numbered. Details of the study
flowchart are shown in » Fig. 1.

All subjects received nasal oxygen (2L/min) and standard
pre-procedure intravenous sedation with Midazolam 0.1mg
per kg (maximum of 1.5mg) in combination with ketamine 1
mg/kg (maximum of 15mg). Patients were allowed to receive
further drug administration according to procedure tolerance,
with administration of a 1-mg bolus of Midazolam and 5mg of
ketamine, always given in the same order and successively until
adequate sedation had ben achieved. The nurse registered vital
signs, AEs, and duration of the procedure.

Finally, in the recovery room, once awake (minimum 40 min-
utes after the procedure was completed), the scales were once
again applied by the endoscopist together with the family and
patient to assess their experience of the procedure.

Measures

The primary outcomes measured were anxiety and perception
of pain experienced during the procedure. The Modified Yale
Preoperative Anxiety Scale (m-YPAS) and the Visual Analog An-
xiety Scale (VAS-anxiety) were used. The YPAS-m scale is an ob-
servational behavioral checklist developed by Kain et al. This in-
strument has good-to-excellent reliability and validity for
measuring anxiety in children aged 2 to 12 years in the preo-
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perative holding area and during induction of anesthesia. A
score 230 was considered high anxiety [20]. The VAS-anxiety
is a self-reported 100-mm horizontal line scale with the two
end points labeled “no anxiety or fear” and “worst possible an-
xiety or fear.” We used it to correlate the observational findings
in children aged 27 [21].

Patient perception of pain was measured with the Wong-Ba-
ker Faces Pain Rating Scale (WBFPRS), which is validated for
children aged 3 to 18 years. It is a horizontal scale of six hand-
drawn faces, scored from 0 to 10, that range from a smiling “no
hurt” face to a crying “hurts worst” face. A change in pain of
two or more faces was considered clinically significant or hav-
ing no more than minimal pain after the intervention [22].

The endoscopist assessed his perception of difficulty in per-
forming the procedure on a scale from very easy to very diffi-
cult. Family satisfaction and patient experience were reported
on a scale from very good to very bad.

Statistical analysis
Sample Size

Based on studies using the m-YPAS, we expected the control
group to present an average of around 36 points on the anxiety
scale at the start and end of the study, with a standard devia-
tion equal to 12.5 (19-21). We hypothesized that the group ex-
posed to the intervention would score on average 20% lower
than the controls (ie, an average of about 28.9 points). To find
significant differences between these averages, with a level of
significance of 5% and a power 80%, a sample of 50 patients in
each group was required, meaning 100 patients total.

Analysis

The analysis of treatment effect was based on the intervention
received. Differences between proportions were assessed with
a Pearson chi-square test and Fisher’s exact test as appropriate.
Ordinal data were compared with the Wilcoxon rank-sum test.
The Student’s t-test was used to test our hypothesis regarding
the comparison of population means between the two groups
when a normal distribution was not rejected according to a Kol-
mogorov-Smirnov test. Analysis of covariance (ANCOVA) was
used to observe the intervention effect while controlling vari-
ables that were not homogeneously distributed between the
groups. All the statistical analyses were performed with STATA
14 (Stata Corporation; College Station, Texas, United States).

Results

We enrolled a total of 100 subjects, with 51 children random-
ized to music (experimental), and 49 children randomized to
no music (control). One subject was randomized to control but
received music and the analysis was performed based on the in-
tervention received. The characteristics of the two groups of
children are presented in »Fig.2. The mean ages were 10.5
years (range 2-18 years) for the experimental group and 12.3
years (range 4-18 years) for the control group (P=0.045). This
was because a greater proportion of children aged 6 or younger
were in the experimental group, 13 vs 3 in the control group.
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Control Music

Subjects 49 51 100
Age (years) 12+£3.8 10.5+4.3
Sex
Male 17 20 37
Female 32 31 63
Weight (kg) 47 39.6
Height (mt) 1.5 1.4
BMI 20 19
Comorbidity 14 12 26
Asma 4 3
DM1 1 2
Other 9 7

Reason for procedure

Control 4 6 10

Study 45 45 90
Procedures

Endoscopy 41 44 85

Colonocopy 8 7 15

» Fig.2 Demographics and characteristics of the control and ex-
perimental group. BMI, body mass index; DM1, Type 1 diabetes
mellitus.

Given the above, the analysis of the results was adjusted ac-
cordingly. Both groups were similar in terms of sex, anthropo-
metry, and comorbidities. Overall, there were 85 upper endos-
copies and 15 colonoscopies. There were seven colonoscopies
and 44 upper endoscopies in the experimental group, and eight
colonoscopies and 41 upper endoscopies in the control group.
Only one patient refused to participate in the study.

Modified Yale Preoperative Anxiety Scale

The mean m-YPAS score at admission was 40.4 in the experi-
mental group and 37.6 in the control group (P=0.412). Aver-
age score at the recovery unit was 27.7 in the experimental
group and 34.7 in the control group (P<0.001), as shown in
» Fig.3. Overall, there were 66 high m-YPAS scores at admis-
sion, 35 in the experimental group and 31 in the control group.
Of the subjects, 80% in the experimental group managed to
rate a low anxiety score after the procedure (decrease from a
high score and/or remain with a low score), compared to 49%
in the control group (P<0.001). This difference was maintained
when stratifying by age and analyzing those aged >7 years (P<
0.001).
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& Control H Music .

P<0.001

Admission Recovery

» Fig.3 m-YPAS scores at admission and recovery in both groups.

W Control M Music

Admission

Recovery

> Fig.4 VAS-anxiety scores at admission and recovery in both
groups.

& Control

[ Music

P=0.001

Admission

Recovery

» Fig.5 Wong-Baker Faces Pain Rating Scale scores at admission
and recovery in both groups.

Regarding the type of endoscopic procedure, there were 11
patients who underwent colonoscopy with a high m-YPAS score
at admission. Seven managed to rate a low score in recovery
with no differences between groups (P=0.137). For the pa-
tients undergoing upper digestive endoscopies, there were 55
high m-YPAS scores at admission, 26 in the control group and
29 in the experimental group. Of the experimental group, 72%
managed to decrease their score to<30 points at the recovery
unit, compared to 27 % of the control group (P<0.001).
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Visual analog anxiety scale

This scale was applied to 84 subjects (>7 years). Mean score at
admission was 4.9 in the control group and 5.2 in the experi-
mental group (P=0.67). At recovery, the experimental group
reported a mean score of 0.55 compared to 1.57 in the control
group (P=0.003), as presented in »Fig.4. Of the 84 patients
surveyed, 74 managed to reduce their score by>2 points or re-
port no anxiety in the recovery unit. This represented 89.5% of
the experimental group and 87% of the control group (P=
0.723). Only five patients increased their score, four of them in
the control group.

Wong-Baker Faces Pain Rating Scale

This scale was applied to 99 subjects (>2 years). WBFPRS mean
scores at admission were 3.9 in the control group and 3.88 in
the experimental group (P=0.99)]. At recovery, the control
group reported a mean score of 2.7 whereas the experimental
group reported a mean score of 1.3 (P=0.001), as shown in
» Fig.5. Of the 99 patients surveyed, 84 % of the subjects in
the experimental group compared to 61% in the control group
managed to decrease their previous score by two or more faces,
or reported no pain at the recovery unit (P=0.011).

Sedation

Subjects in the control group received Midazolam (mean 0.03
mg/kg £0.05mg) and ketamine (mean 0.3mg/kg+1mg), ex-
perimental group received Midazolam (mean 0.037mg/kg+
0.1mg) and ketamine (mean 0.4 mg/kg 1.1 mg), with P=0.28
and P=0.73, respectively. Most of the patients required addi-
tional sedation with Midazolam, 82.4% of the experimental
group and 85.7% of the control group (P=0.65). Further addi-
tional sedation with ketamine was required in 47 % of the ex-
perimental group and 38.8 % of the control group (P=0.4). Ana-
lyzing by the type of endoscopic procedure, of the 15 colonos-
copies, eight of eight in the control group required additional
sedation with Midazolam compared to five of seven in the ex-
perimental group (P=0.104). Additional ketamine was required
in four subjects in the control group compared to three in the
experimental group (P=0.782). Regarding the upper digestive
procedures, 83.5% required additional Midazolam, 34 subjects
in the control group and 37 in the experimental group (P=
0.885). Additional ketamine was administered in 42% of the
procedures, 15 in the control group and 21 in the experimental
group (P=0.299).

Duration

The duration of the procedures was 12.2+8.5 minutes in the
control group and 11.7 £6.3 minutes in the experimental group
(P=0.73).

Difficulty

Physicians reported 94 % of the procedures as easy or very easy
to perform in the experimental group compared to 75.5% in
the control group (P=0.03). Also, 24.4% of the procedures in
the control group were scored by the physician as being reqular
or difficult to perform. Whereas in the experimental group,
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only 6% were scored as regular or difficult and none of them
were considered difficult, as presented in » Fig. 6.

Satisfaction

Family satisfaction with the procedure was considered good or
very good in 99% of those surveyed overall, 97.9% of the con-
trol group and 100 % of the experimental group (P=0.336). Five
patients did not answer because they were too young. Most of
the patients rated the experience as being good or very good in
both groups (92.6%). The procedure was rated as very good in
45.8% of the experimental group compared to 10.6% of the
control group (P=0.001), as presented in »Fig.7. Only 5% of
the patients in the control group and 1% in the experimental
group considered the procedure being acceptable. One patient
and one family member considered the procedure as being bad
regarding the patient crying, both in the control group.No one
rated the endoscopic experience as being very bad.

Type of music

Subjects in the experimental group were classified by type of
music. There were 13 patients who chose relaxing music and
38 patients who chose stimulating music. There was a tendency
to a greater decrease in the m-YPAS score in the relaxing group,
mean change of 21.3vs 9.7 (P=0.11).

Adverse events

Three patients had self-limited transient hypertension, one in
the control group and two in the experimental group.One pa-
tient in each group presented self-limited transient tachycar-
dia. One patient in the experimental group desaturated up to
75%, requiring oxygen support by high flow mask and momen-
tary interruption of the procedure, but subsequently recovered
and did not require other interventions. She was a healthy 4-
year-old who was being studied for abdominal pain. No severe
AEs were reported.

Discussion

Endoscopic procedures are a stressful experience for most chil-
dren. The findings from our study show that music as an adju-
vant in endoscopic procedures helps to significantly decrease
anxiety levels observed in patients using the m-YPAS. The ex-
perimental group had a lower final average score and a higher
proportion of children with low anxiety scores (<30) in the re-
covery unit compared with the control group.The perception
of anxiety reported by patients through the VAS-anxiety scale
at recovery was also significantly lower in the experimental
group.The anxiety reports of children aged >7 years through
the VAS-anxiety scale were consistent with what was reported
by the endoscopist in the m-YPAS scale, showing good correla-
tion between scales.

Inadequate pain control during medical interventions could
have long-term unfavorable effects, especially among very
young children. Pain and anxiety are intrinsically linked, and as
children have higher levels of anxiety, they will perceive higher
levels of pain [23]. Often young children confuse the feeling of
anxiety with pain, so this can be a confounding factor if only
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» Fig.6 Endoscopist difficulty perception scale scores by groups.

40
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P=0.001
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Control Music

Bad Regular Good Very good

» Fig.7 Patient experience scale scores by groups.

self-reported scales are used. That is why it was decided to ap-
ply the WBFPRS, trying to achieve a more representative re-
sponse in children aged <7 years. Results show that children in
the experimental group also reported significantly lower aver-
age scores at the recovery unit.

There are plenty of studies involving music and its clinical
impact on the pediatric population [17, 18]. However, studies
show substantial clinical heterogeneity, as the interventions,
clinical scenarios, and outcome measures vary widely across
them. Studies often emphasize the need for a more homoge-
neous and systematic approach to evaluate the utility of music
for this specific population and identify results that are clinical-
ly applicable. In this sense, the findings from our study show
that music as an adjuvant in endoscopic procedures helped to
significantly decrease anxiety levels. In that regard, patients
not only appeared more relaxed to an observer, but they also
felt less anxious. Both of these findings support the evidence
that music is an effective non-pharmacologic agent that may
divert attention from painful stimuli to reduce both anxiety
and pain.

Among other variables studied, no statistically significant
difference was found in the doses of sedatives used between
the studied groups, without being able to reproduce what has
been described in pediatric studies involving other procedures
[24,25]. We found a tendency to lower requirements for seda-
tives in the group that chose relaxing music, but the results are
likely underpowered due to the small sample size. Analysis
showed no differences between groups in spite of the positive
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findings regarding anxiety and pain. That could be explained by
maintaining a degree of unconsciousness during endoscopy in-
dependent of the analgesia. Moreover, endoscopies require
deeper sedation than other procedures because they require a
high level of immobility. Furthermore, unlike adults, children
have more trouble controlling their impulses, which may favor
the need for more intense stimuli to divert their attention or
suppress their reactions.

Despite being blind to the intervention, the endoscopist per-
ceived patients in the music group as less resistant and more
relaxed. Less anxious patients were easier to manage in this
clinical setting. This might have resulted in the perception that
the procedure was easier to perform. Anxiety is probably one of
the main factors that make patients more reactive to external
stimuli as patients are sedated but remain conscious. Even
though this benefit did not translate to a shorter duration of
the particular procedures performed, it is clearly an important
aspect to considerate, as it might also impact the health profes-
sional’s perception of performance.

Although the overall satisfaction score was good in both
groups, the results of our survey revealed that patients had a
better experience when music was used. Pediatric endoscopies
in our center are probably well tolerated and the patient experi-
ence is tht they are well cared for, given the high percentage of
satisfaction among both patients and family. Only one patient
refused to participate in the study, which underscores that this
intervention is well accepted and immediately perceived as
pleasant and potentially beneficial.

The cost of using music in our endoscopy unit was very low,
and the benefits reported by the subjects and the physician
were important. A cost-effectiveness study using music ther-
apy-assisted procedures found that music therapy-assisted
procedures in children save money, time, and staff/equipment
resources in multiple procedures [24]. We did not carry out
such an analysis in the present study, and one could infer that
a large sample size would be required to find positive results.
Nevertheless, psychological impact and wellbeing should not
be underestimated. High anxiety levels may lead to an unco-
operative patient and need for increased levels of sedative
medications and longer procedure time. Also, unpleasant ex-
periences in clinical settings could predispose children to feel
more anxious during future procedures. This kind of interven-
tion could be easily applicable in diverse clinical settings and
may potentially lead to many benefits.

This study has several limitations. The procedures were per-
formed in asingle center and by only one endoscopist. That was
the case to try to reduce intervention bias since endoscopic
procedures are dependent upon who performs them. We
thought that incorporating more than one endoscopist could
result in variation in the doses of sedatives used and the ease
and duration of the procedures, among other subjective vari-
ables. Another difficulty was the small number of colonosco-
pies, which did not allow for statistical analysis in this subgroup
alone. Because that procedure is quite different from upper
endoscopy, it would be interesting to study the two procedures
separately. Regarding the results, there was a significant age
difference between groups. In spite of randomization, there
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was a higher proportion of patients <7 years of age in the ex-
perimental group.This could have altered the findings, as
younger children tend to be more restless and anxious. On the
other hand, despite having found positive results in subjective
outcomes, there were no differences between groups in the
duration of the procedures nor in the administration of seda-
tives. The results likely are underpowered due to the small sam-
ple size, but also because endoscopies require deeper sedation
than other procedures and children usually require higher do-
ses of sedatives because their drug clearance is faster.

This was the first study to evaluate the effect of music as ad-
juvant therapy in pediatric patients undergoing endoscopy. It
contributes to our understanding of the benefits of music dur-
ing pediatric procedures and allowed us to improve the experi-
ence of the patients who participated. Based on our results, a
cost-effectiveness study could be carried out to evaluate the
impact of this intervention on the healthcare system. In addi-
tion, our findings could provide motivation for a much larger
study involving multiple endoscopists and different centers to
validate the results in these types of procedures.

Conclusions

We found that listening to music can reduce anxiety and pain in
children during and after an endoscopic procedure. This evi-
dence, therefore, should be considered when planning this
type of intervention, as it may translate into an improvement
in child cooperation and patient satisfaction. Children have
high levels of distress and anxiety not only during endoscopy
but also in anticipation of it. Therefore, prevention and reduc-
tion of distress should focus on the stages before as well as dur-
ing the procedure.
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