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IMPORTANCE Many medical procedures aimed at helping children cause them pain and
distress, which can have long-lasting negative effects. Music is a form of distraction that may
alleviate some of the pain and distress experienced by children while undergoing medical
procedures.

OBJECTIVE To compare music with standard care to manage pain and distress.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted in a pediatric
emergency department with appropriate sequence generation and adequate allocation
concealment from January 1, 2009, to March 31, 2010. Individuals assessing the primary
outcome were blind to treatment allocation. A total of 42 children aged 3 to 11 years
undergoing intravenous placement were included.

INTERVENTIONS Music (recordings selected by a music therapist via ambient speakers) vs
standard care.

MAIN OUTCOMES AND MEASURES The primary outcome was behavioral distress assessed
blinded using the Observational Scale of Behavioral Distress–Revised. The secondary
outcomes included child-reported pain, heart rate, parent and health care provider
satisfaction, ease of performing the procedure, and parental anxiety.

RESULTS With or without controlling for potential confounders, we found no significant
difference in the change in behavioral distress from before the procedure to immediately
after the procedure. When children who had no distress during the procedure were removed
from the analysis, there was a significantly less increase in distress for the music group
(standard care group = 2.2 vs music group = 1.1, P < .05). Pain scores among children in the
standard care group increased by 2 points, while they remained the same in the music group
(P = .04); the difference was considered clinically important. The pattern of parent
satisfaction with the management of children’s pain was different between groups, although
not statistically significant (P = .07). Health care providers reported that it was easier to
perform the procedure for children in the music group (76% very easy) vs the standard care
group (38% very easy) (P = .03). Health care providers were more satisfied with the
intravenous placement in the music group (86% very satisfied) compared with the standard
care group (48%) (P = .02).

CONCLUSIONS AND RELEVANCE Music may have a positive impact on pain and distress for
children undergoing intravenous placement. Benefits were also observed for the parents and
health care providers.
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A ttending the emergency department (ED) can be dis-
tressing for children owing to the unfamiliar people,
surroundings, technical equipment, and medical care

received.1 The most frequently performed invasive proce-
dures are venipuncture and intravenous (IV) placement,2 and
these are also the most painful and feared medical experi-
ences by children.3 Studies have shown that pain assessment
and management in the ED setting is inadequate for children4-7

and this can have long-term detrimental effects.8,9

Pharmacotherapy and distraction are the most com-
monly used approaches to pain control in the pediatric ED.10

Although there are data to support the use of topical anes-
thetic creams,11 vapocoolant cold spray,12,13 and distraction14,15

in reducing pain associated with venipuncture and IV place-
ment, their use is not standardized across practitioners and
settings.4,5,16-18 Distraction has received recent attention and
involves engaging children in cognitive or behavioral tasks to
divert attention from painful stimuli to reduce both pain and
distress.15,19 Numerous distractors with varying complexity
have been used either together or in isolation. Audio, video-
tapes, stories, imagery, and concentrated breathing are some
examples.20,21 The hypothesized mechanism of action is that
the child “cannot attend to more than one significant stimu-
lus at a time”21 and in keeping with the Gate Control Theory
of Pain, distraction stimulates the brainstem, which leads to
the inhibition of pain perception.21

A systematic review of 19 randomized clinical trials in-
volving 1513 children showed that music significantly re-
duced pain and anxiety during medical procedures.22 The re-
view concluded that additional research was needed within
different clinical settings and for varying painful procedures.
The objective of this randomized clinical trial was to compare
music with standard care to manage pain and distress among
children undergoing IV placement in the ED.

Methods

Study Design
This 2-arm parallel randomized clinical trial with blinded as-
sessment of the primary outcome was conducted at the Stol-
lery Children’s Hospital in Edmonton, Canada.

Participants
The trial was registered prior to patient recruitment
(NCT00761033), which occurred from January 1, 2009, to March
31, 2010. Children attending the pediatric ED were eligible if
they were aged 3 to 11 years, undergoing an IV placement, con-
scious, and had sufficient knowledge of English to under-
stand and follow instructions and complete the age-
appropriate pain assessment. Children were excluded if they
had hearing impairments, developmental disabilities, or sen-
sory impairment to pain (eg, spina bifida). Children were also
excluded at the discretion of the attending staff (eg, child in
critical condition; requiring urgent IV placement; or in an al-
tered level of consciousness).

If the patient was eligible, a research nurse explained the
study; invited the parent and child to participate; and ob-
tained written, informed consent (parent) and assent (child).
The child was then assigned to one of the intervention arms
using consecutively labeled, sealed, opaque envelopes that
contained the randomization sequence. This sequence was
computer generated by a statistician who was not otherwise
involved in the study. Allocation was concealed from the re-
search nurse, ED staff, and child and parent until consent was
obtained. Given the nature of the intervention, it was not pos-
sible to blind the children, parents, researchers, and ED staff.
Data were collected using a defined protocol that is depicted
in Figure 1. Briefly, after informed consent was obtained, the

Figure 1. Flow Diagram
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research nurse gathered information from the parent on base-
line variables, presenting signs and symptoms, and medical
history. Within 5 minutes of the start of the procedure, the re-
searcher started the video recorder and immediately col-
lected the child’s self-reported pain; at this time, the parent
completed the State Trait Anxiety Inventory (STAI), Form Y.
For those children assigned to the music group, the re-
searcher then turned on the music. The staff nurse then per-
formed the set up for IV placement. The researcher set up the
cardiorespiratory monitor and began the tape at the start of
the procedure. The beginning of the procedure was indicated
by cleaning of the injection site by the staff nurse. The re-
searcher noted the time of first attempt at IV placement on the
rhythm strip from the cardiorespiratory monitor. The re-
searcher collected self-reported pain from the child and the par-
ents completed the STAI immediately after the first attempt
at IV placement. The end of the procedure was the last point
of contact by the staff nurse (ie, taping cannula in place with
or without arm board, wrapping arm with gauze, and taping
in place). Shortly after completing the IV placement, the staff
nurse performing the procedure and the parents completed the
satisfaction questions. While the nurse and parents were com-
pleting their questions, the researcher collected postproce-
dure pain by the child. If the first attempt at IV placement was
unsuccessful, additional attempts occurred after the study pro-
tocol was completed and all measurements were obtained.

Ethics
Children received standard medical management (ie, all chil-
dren received standard care and the music group received mu-

sic as an additional intervention). The study was approved by
the ethics review board at the University of Alberta and received
institutional approval at the Stollery Children’s Hospital.

Interventions
Music in the experimental group was chosen by a music thera-
pist (K.H.) and administered through an iPod dock. All par-
ticipants listened to the same recordings via ambient speak-
ers in the following order: The Planets Op. 32 Jupiter, Storms
in Africa, Disco Beat, and Sunny Days. The volume of the mu-
sic was set in advance and was the same for each child. Chil-
dren listened to the music until the procedure was com-
pleted; in some cases, children did not listen to all 4 selections.
Both groups received standard care (including topical anes-
thetics and techniques that staff would normally use to com-
fort the child such as talking to the child, explaining what is
being done, and saying comforting and supportive things). For
both groups, there were no restrictions around whether the par-
ent could be present or how they interacted with their child
during the procedure. Multiple health care providers per-
formed the IV placements over the course of the study; the av-
erage years of experience for the attending nurse did not dif-
fer between groups (10 vs 11 years, P = .69).

Outcomes
The primary outcome was patient distress measured using the
ObservationalScaleofBehavioralDistress–Revised(OSBD-R).23,24

The scale is reliable and has been validated in our target
population.24 Thescaleincludes8behaviors;eachbehavioralcat-
egory is weighted according to intensity. An overall score was cal-
culated for each phase (preprocedure, during the procedure, and
postprocedure) and for all phases combined using scoring pro-
cedures described by the tool developers.23 This protocol for use
of the OSBD-R is standardized23,24 and has been used in other
trials evaluating music in children.8,25 The primary outcome as-
sessmentswerecompletedbypretrainedresearchassistantsfrom
viewings of video recordings of the procedure for each individual
patient. Using advanced technological dubbing techniques, the
same music heard by the intervention group was added to the
video recordings of the control group so that the research assis-
tants were blinded to each patient’s allocation. Two trained re-
search assistants independently observed the video recording
of each child and recorded the frequency of distress-related be-
haviors every 15 seconds before, during, and after the procedure.

The secondary outcome was change in self-reported pain
from baseline prior to the procedure to that recorded imme-
diately following the initial attempt at IV placement. This was
measured using the Faces Pain Scale–Revised (range, 0-10),
which has been validated and is reliable for young children.25,26

Assessment of pain scores occurred in a standardized fash-
ion: at each of the 3 stages for pain scoring, the child was shown
6 faces suggesting increasing levels of pain and asked to point
to the face that best described how much pain they felt at that
moment. Additional outcomes included heart rate (mea-
sured with a cardiorespiratory monitor); parent and health care
provider satisfaction (measured using Likert scales); and par-
ent state anxiety measured with a validated instrument, the
STAI.27

Figure 2. Participants
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Sample Size and Power
Sample size was calculated using a 2-sided, 2-sample t test
based on the primary outcome of observed behavioral dis-
tress. A previous study of children aged 4 to 7 years under-

going IV insertions provided variance data for OSBD-R
scores (SD, 2.77).28 To detect a difference of 2.5 given a type I
error rate of 0.05 and 80% power, we required 21 children
per group.

Table 1. Demographics by Group

Group, No. (%)

Total, No. (%)Standard Care Music

Age, median (IQR), mo 78 (50-110) 64 (47-92) 75.5 (48-101)

No. 21 21 42

Sexa

Boys 16 (84.2) 10 (50) 26 (66.7)

Girls 3 (15.8) 10 (50) 13 (33.3)

Total, No. 19 20 39

Ethnic minority

No 15 (71.4) 15 (71.4) 30 (71.4)

Yes 6 (28.6) 6 (28.6) 12 (28.6)

Total 21 21 42

Weight, median (IQR), kg 27 (17-41.4) 22 (16.4-29.5) 24.8 (16.6-31.2)

No. 19 21 40

Temperature in celsius, median (IQR) 37 (36.8-37.8) 37 (36.7-37.7) 37 (36.7-37.7)

No. 20 21 41

Systolic blood pressure, median (IQR), mm Hg 114 (104-118) 114 (97-121) 114 (104-120.5)

No. 21 19 40

Diastolic blood pressure, median (IQR), mm Hg 66 (61-68) 67 (59-77) 66.5 (59.5-73)

No. 21 19 40

Respiratory rate (breaths/min), median (IQR) 20 (18.5-23) 24 (19-26) 20 (19-26)

No. 20 21 41

Heart rate (beats/min), median (IQR) 113 (93-132) 120 (99-150) 113.5 (97-134)

No. 21 21 42

Premature

No 18 (85.7) 17 (81) 35 (83.3)

Yes 3 (14.3) 4 (19) 7 (16.7)

Total 21 21 42

Previous ED visit

No 3 (14.3) 6 (28.6) 9 (21.4)

Yes 18 (85.7) 15 (71.4) 33 (78.6)

Total 21 21 42

Previous hospitalization

No 15 (71.4) 15 (71.4) 30 (71.4)

Yes 6 (28.6) 6 (28.6) 12 (28.6)

Total 21 21 42

Previous needle pokeb

No 5 (23.8) 9 (42.9) 14 (33.3)

Yes 16 (76.2) 12 (57.1) 28 (66.7)

Total 21 21 42

Parent-assessed distress during medical procedures

1 (no distress) 4 (19) 1 (5.3) 5 (11.9)

2 3 (14.3) 0 (0) 3 (7.1)

3 5 (23.8) 10 (52.6) 15 (35.7)

4 5 (23.8) 2 (10.5) 7 (16.7)

5 (as distressed as possible) 4 (19) 6 (31.6) 10 (23.8)

Total 21 19 40

Abbreviations: ED, emergency
department; IQR, interquartile range.
a Significant difference, P = .04.
b Parents were asked: Has your child

ever had a needle poke in their vein
to draw blood or put in an
intravenous line?
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Statistical Methods
Baseline variables were described using appropriate sum-
mary statistics. For the primary outcome (observed behav-
ioral distress), a change score (during procedure minus pre-
procedure) was calculated for each child, and the mean change
scores were compared between the study groups using the
Mann-Whitney U test. Additional model-based analyses (mul-
tiple linear regression) were conducted with change in behav-
ioral distress as the response variable and a group indicator as
the explanatory variable along with some possible effect modi-
fiers such as sex and age. Our primary analysis was based on
an intention-to-treat approach where all children who were ran-
domly assigned to a study group were included.

We considered the following explanatory variables in re-
gression analyses: study group (standard care vs music), age,
sex, ethnic minority (based on parent report), child prema-
ture (parent report), discharge disposition (discharged home,
admitted to hospital, or other), previous ED visit (parent re-
port), previous hospitalization (parent report), and previous
IV start (parent report). Backward model selection was used
with a probability for removal of 0.1 (ie, how significant the
coefficient must be to avoid removal). Additional analyses were
performed for a subgroup of children with nonzero OSBD-R
scores during the IV placement. All statistical tests were per-
formed at a significance level of .05 (2-sided) using SAS ver-
sion 9 (SAS Institute).

Results

We enrolled 42 patients (Figure 2 and Table 1). The average age
was 6 years (range, 3-11 years). Ten patients were younger than
4 years of age (6 in the music and 4 in the standard care groups),
while 5 patients were between 4 and 5 years (3 in the music
and 2 in the standard care groups). Sixty-seven percent of the
patients were boys. There were more boys in the standard care
group (84% vs 50%, P = .04), with no other significant differ-
ences between groups at baseline. Approximately 29% iden-
tified with an ethnic minority, 17% were premature at birth,
79% had previously been to the ED, 29% had previously been
hospitalized, and 67% had previously had a needle poke. Par-
ents provided an assessment of their children’s distress lev-
els during medical procedures in general: 36% indicated a mod-
erate amount (distress score = 3 of 5), while 24% suggested a
significant amount of distress (distress score = 5 of 5). Table 2
provides information on children’s enjoyment of and experi-
ence with music and television, with no differences between
groups. The initial attempt at IV placement was not success-
ful for 9 patients (2 in the music and 7 in the standard care
groups).

In regard to the primary outcome, without controlling for
other potential confounders, we found no difference in the
change in behavioral distress from preprocedure to immedi-

Table 2. Child Preferences by Group

Group, No. (%)

Total, No. (%)Standard Care Music

Enjoy watching television

Not at all 0 (0) 0 (0) 0 (0)

Somewhat 1 (4.8) 1 (4.8) 2 (4.8)

Moderately 2 (9.5) 4 (19) 6 (14.3)

Very much 18 (85.7) 16 (76.2) 34 (81)

Total 21 21 42

Enjoy listening to music

Not at all 2 (9.5) 1 (4.8) 3 (7.1)

Somewhat 3 (14.3) 1 (4.8) 4 (9.5)

Moderately 6 (28.6) 4 (19) 10 (23.8)

Very much 10 (47.6) 15 (71.4) 25 (59.5)

Total 21 21 42

Frequency of watching television

Never 0 (0) 0 (0) 0 (0)

Rarely 0 (0) 1 (4.8) 1 (2.4)

Sometimes 9 (42.9) 7 (33.3) 16 (38.1)

Often 12 (57.1) 13 (61.9) 25 (59.5)

Total 21 21 42

Frequency of listening to music

Never 1 (4.8) 0 (0) 1 (2.4)

Rarely 3 (14.3) 1 (4.8) 4 (9.5)

Sometimes 9 (42.9) 5 (23.8) 14 (33.3)

Often 8 (38.1) 15 (71.4) 23 (54.8)

Total 21 21 42
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ately after the procedure (Table 3, P = .15). However, we con-
ducted regression analyses, including potential explanatory
variables, and in the final reduced model, the music interven-
tion was of borderline significance to reduce the increase in
distress (Table 4, P = .05) after adjusting for ethnic minority
status. On average, less increase in distress was observed for
those identifying with an ethnic minority (Table 4, P = .06).
None of the other explanatory variables remained in the final
model.

We examined the primary outcome, removing from the
analysis the children who had no distress during the proce-
dure (5 patients per group) because we rationalized that there
was no potential for effect in this subgroup of children. The
median changes in distress scores from before to immedi-
ately after the procedure were 2.2 (interquartile range [IQR],
1.7-8.7) and 1.1 (IQR, 0.1-2.4) for the standard care and music
groups, respectively (P < .05). Furthermore, the regression
analysis indicated that music significantly reduced the in-
crease in distress (coefficient, −3.19; 95% CI, −5.75 to −0.63;
P = .02), while none of the other explanatory variables re-
mained in the final model.

Regarding the secondary outcomes, we found a signifi-
cant difference in the change in pain scores between groups
(Table 5). The pain score for the standard care group in-
creased (median, 2; IQR, 0-4) but remained the same for the

music group (median, 0; IQR, −4.0 to 0.5) from before to im-
mediately after the procedure (P = .04). We found no differ-
ence between the groups in heart rate during the procedure
(P = .72) or parent anxiety (Table 5). Parents generally showed
moderate levels of anxiety with overall scores of 43 and 45 on
the STAI preprocedure and postprocedure, respectively.

Parent satisfaction with management of the child’s pain
was different between groups, although not statistically sig-
nificant (Table 5, P = .07). Seventy-six percent of parents in the
music group were very satisfied compared with 52% in the stan-
dard care group (P = .20). There were no significant differ-
ences between groups in parent satisfaction with the IV start
(P = .49), although more parents in the music group (62%) were
very satisfied compared with the standard care group (48%)
(P = .54). There was no difference when parents were asked
whether they would use the same methods to manage pain for
their children in the future.

Health care providers reported that it was easier to per-
form the procedure for children receiving music (76% very easy)
vs standard care alone (38% very easy) (P = .03). Health care
providers were more satisfied with the IV start in the music
compared with the standard care group (86 vs 48% very sat-
isfied, P = .02). There was no difference when providers were
asked whether they would use the same methods to manage
pain for another child undergoing an IV start.

Table 3. Scores on the Observational Scale of Behavioral Distress by Group

Group

Total
P

ValueaStandard Care Music

Weighted phase 1 score
(preprocedure)

No.b 16 20 36

.03
Mean (SD) 0.17 (0.44) 0.85 (1.07) 0.55 (0.91)

Median (IQR) 0 (0 to 0.12) 0.2 (0 to 2.12) 0 (0 to 0.43)

Range 0 to 1.75 0 to 2.56 0 to 2.56

Weighted phase 2 score (during
procedure)

No. 21 21 42

.27
Mean (SD) 3.35 (3.66) 1.74 (2.15) 2.55 (3.08)

Median (IQR) 2.21 (0.18 to 3.83) 0.71 (0.18 to 2.92) 1.87 (0.18 to 3.57)

Range 0 to 12.1 0 to 7.07 0 to 12.1

Weighted phase 3 score
(postprocedure)

No.c 9 13 22

.61
Mean (SD) 1.05 (1.72) 0.95 (1.86) 0.99 (1.77)

Median (IQR) 0 (0 to 1.45) 0 (0 to 0.21) 0 (0 to 1.45)

Range 0 to 5 0 to 5.2 0 to 5.2

Total distress scored

No. 8 13 21

.54
Mean (SD) 5.54 (6.24) 3.87 (4.91) 4.51 (5.37)

Median (IQR) 3.49 (0.30 to 9.66) 1.25 (0.07 to 5.45) 2.75 (0.18 to 7.41)

Range 0 to 17.43 0 to 14.47 0 to 17.43

Phase 2 − Phase 1 scoree

No.b 16 20 36

.15
Mean (SD) 2.71 (3.71) 0.98 (1.63) 1.75 (2.84)

Median (IQR) 1.84 (0 to 2.84) 0.45 (−0.03 to 2.06) 0.78 (0 to 2.23)

Range 0 to 11.78 −2.25 to 4.86 −2.25 to 11.78

Abbreviation: IQR, interquartile
range.
a Mann-Whitney U test.
b Data are missing where video

recordings were not started until
immediately before the procedure
(ie, there was no preprocedure
footage).

c Data are missing where videos were
stopped immediately after the
procedure (ie, there was no
postprocedure footage).

d Summation of 3 weighted phase
scores for those with all 3 phase
scores.

e Weighted phase 2 (during
procedure) score minus weighted
phase 1 (preprocedure) score.
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The results of the regression analysis are summarized in
Table 4. For total distress score, prematurity was the only vari-
able that remained in the reduced model, indicating that chil-
dren who had been born prematurely had greater total dis-
tress score (P = .06). For change in distress score from before
to immediately after the procedure, the study group (ie, mu-
sic or standard care) and ethnic minority remained in the re-
duced model, indicating that the standard care group had
greater increase in distress (P = .05), while those identifying

with an ethnic minority had less increase in distress (P = .06).
For change in parental anxiety, age of the child, ethnic minor-
ity, and previous ED visit remained in the final model. That is,
parents with older children had a greater increase in anxiety
(P = .08), while those who identified with an ethnic minority
(P = .04) and those with a previous ED visit (P = .08) had less
increase in anxiety. For change in pain score, disposition from
the ED was significant (P = .005), indicating that those who
were admitted from the ED had greater increase in pain.

Table 4. Summary of Regression Analyses

Explanatory Variablea

Outcome Models

Full Model Reduced Modelb

Coefficient (95% CI)
P

Value Coefficient (95% CI)
P

Value

Total Patient Distress (OSBD-R) (n = 20)

Group, music vs control −5.24 (−11.71 to 1.23) .10

Age, 1 mo −0.09 (−0.22 to 0.03) .12

Sex, girl vs boy 1.31 (−6.66 to 9.29) .72

Ethnic minority, yes vs no −6.21 (−14.45 to 2.03) .12

Premature, yes vs no 2.38 (−4.62 to 9.38) .47 5.31 (−0.22 to 10.85) .06

Disposition, admitted vs discharged home 4.16 (−3.79 to 12.11) .27

ED, yes vs no 9.13 (−4.76 to 23.03) .17

Hospitalization, yes vs no −6.19 (−19.12 to 6.74) .31

Poke, yes vs no 3.21 (−8.58 to 15) .56

Change in Patient Distress Score (OSBD-R) (during procedure minus preprocedure; n = 33)

Group, music vs control −2.15 (−4.55 to 0.24) .08 −1.97 (−3.94 to 0) .05

Age, 1 mo −0.02 (−0.06 to 0.02) .31

Sex, girl vs boy −0.51 (−3.06 to 2.03) .68

Ethnic minority, yes vs no −1.56 (−3.92 to 0.8) .18 −1.99 (−4.06 to 0.07) .06

Premature, yes vs no 0.62 (−2.05 to 3.28) .64

Disposition, admitted vs discharged home 1.17 (−1.33 to 3.67) .34

ED, yes vs no 0.52 (−3.17 to 4.22) .77

Hospitalization, yes vs no 0.65 (−2.72 to 4.03) .69

Poke, yes vs no −0.91 (−3.63 to 1.8) .49

Change in Parental Anxiety Score (STAI) (postprocedure minus preprocedure; n = 30)

Group, music vs control −4.63 (−13.7 to 4.44) .30

Age, 1 mo 0.08 (−0.05 to 0.21) .22 0.1 (−0.01 to 0.21) .08

Sex, girl vs boy −3.36 (−13.14 to 6.42) .48

Ethnic minority, yes vs no −8.89 (−17.57 to −0.22) .04 −8.21 (−16.15 to −0.27) .04

Premature, yes vs no 4.19 (−4.78 to 13.16) .34

Disposition, admitted vs discharged home −2.55 (−11.22 to 6.12) .55

ED, yes vs no −17.4 (−31.64 to −3.16) .02 −9.66 (−20.52 to 1.19) .08

Hospitalization, yes vs no 5.83 (−4.9 to 16.56) .27

Poke, yes vs no 4.03 (−5.51 to 13.57) .39

Change in Patient Pain Score (FPS) (preprocedure minus postprocedure; n = 37)

Group, music vs control −0.76 (−2.41 to 0.90) .36

Age, 1 mo 0.02 (−0.01 to 0.04) .21

Sex, girl vs boy −0.60 (−2.47 to 1.27) .52

Ethnic minority, yes vs no −0.34 (−2.06 to 1.38) .69

Premature, yes vs no 0.93 (−1.10 to 2.96) .36

Disposition, admitted vs discharged home 2.26 (0.64 to 3.87) .008 2.11 (0.70 to 3.53) .005

ED, yes vs no −0.03 (−2.08 to 2.01) .97

Hospitalization, yes vs no 1.05 (−0.84 to 2.95) .27

Poke, yes vs no −0.68 (−2.47 to 1.12) .45

Abbreviations: ED, emergency
department; FPS, Faces Pain Scale;
OSBD-R, Observational Scale of
Behavioral Distress–Revised; STAI,
State-Trait Anxiety Inventory.
a For each binary explanatory

variable, the latter category is the
reference category.

b For the first 3 response variables, if
the probability for removal was
0.05 (ie, how significant the
coefficient must be to avoid
removal), none of the explanatory
variables remained in the final
model.
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Discussion

The music group showed numerically smaller average values
and lower range extremes in distress scores; however, the dif-

ference between groups in our primary outcome of change in
behavioral distress was not statistically significant overall. De-
spite this result, we observed some interesting findings. Re-
gression analyses showed that music was of borderline sig-
nificance to reduce the increase in distress (Table 4, P = .05)

Table 5. Other Outcomes by Group

Group, No. (%)

Total, No.
(%) P Valuea

Standard
Care Music

Faces Pain Score (preprocedure), median (IQR) 2 (0 to 4) 2 (0 to 7) 2 (0 to 6) .71a

No. 21 20 41

Faces Pain Score (postprocedure), median (IQR) 4 (0 to 8) 2 (0 to 6) 4 (0 to 8) .20a

No. 21 21 42

Faces Pain Score change (postprocedure − preproce-
dure), median (IQR)

2 (0 to 4) 0 (−4 to 0.5) 0 (0 to 4) .04a

No. 21 20 41

Heart rate during procedure (beats/min), mean (SD) 128.7 (28.9) 126.3 (27.0) 127.5 (27.6) .72a

No. 21 21 42

Parent satisfaction with IV start

1 (very dissatisfied) 2 (9.5) 0 (0) 2 (4.8)

.49b

2 (somewhat dissatisfied) 2 (9.5) 0 (0) 2 (4.8)

3 (neither satisfied nor dissatisfied) 3 (14.3) 3 (14.3) 6 (14.3)

4 (somewhat satisfied) 4 (19) 5 (23.8) 9 (21.4)

5 (very satisfied) 10 (47.6) 13 (61.9) 23 (54.8)

Parent satisfaction with management of child pain

1 (very dissatisfied) 1 (4.8) 0 (0) 1 (2.4)

.07b

2 (somewhat dissatisfied) 0 (0) 1 (4.8) 1 (2.4)

3 (neither satisfied nor dissatisfied) 1 (4.8) 2 (9.5) 3 (7.1)

4 (somewhat satisfied) 8 (38.1) 2 (9.5) 10 (23.8)

5 (very satisfied) 11 (52.4) 16 (76.2) 27 (64.3)

Would you use the same methods to manage pain for
your child?

No 3 (15) 3 (15) 6 (15)
>.99b

Yes 17 (85) 17 (85) 34 (85)

Easy or difficult to perform the IV start

1 (very difficulty) 3 (14.3) 1 (4.8) 4 (9.5)

.06b

2 (somewhat difficulty) 3 (14.3) 1 (4.8) 4 (9.5)

3 (neither easy nor difficult) 0 (0) 1 (4.8) 1 (2.4)

4 (somewhat easy) 7 (33.3) 2 (9.5) 9 (21.4)

5 (very easy) 8 (38.1) 16 (76.2) 24 (57.1)

Provider satisfaction with the child IV start

1 (very dissatisfied) 4 (19) 2 (9.5) 6 (14.3)

.07b

2 (somewhat dissatisfied) 2 (9.5) 0 (0) 2 (4.8)

3 (neither satisfied nor dissatisfied) 2 (9.5) 0 (0) 2 (4.8)

4 (somewhat satisfied) 3 (14.3) 1 (4.8) 4 (9.5)

5 (very satisfied) 10 (47.6) 18 (85.7) 28 (66.7)

Would you use the same methods to manage another
child pain?

No 1 (4.8) 1 (4.8) 2 (4.8)
>.99b

Yes 20 (95.2) 20 (95.2) 40 (95.2)

Parent anxiety score preprocedure, mean (SD) 41.89 (9.57) 44.37 (10.18) 43.16 (9.83) .53a

No. 18 19 37

Parent anxiety score postprocedure, mean (SD) 45.67 (11.17) 44.1 (14.07) 44.84 (12.64) .85a

No. 18 20 37

Parent anxiety score change (postprocedure − prepro-
cedure), median (IQR)

1 (−9 to 10) 0 (−2 to 4) 0 (−4 to 8) .76a

No. 15 18 33

Abbreviations: IQR, interquartile
range; IV, intravenous.
a Mann-Whitney U test.
b Fisher exact test.
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after adjusting for ethnic minority. A subgroup analysis showed
that for those children with any level of distress during the pro-
cedure, music had a significant distress-reducing effect that
may be considered clinically important.29-31 It is intuitive that
an intervention to decrease distress can only be effective in
those individuals who actually have distress. This is sup-
ported by our earlier systematic review showing that music may
be more effective for those children at higher risk for pain and
anxiety.22

Our secondary outcome measure, change in pain score, was
significantly different between groups favoring the music in-
tervention. Furthermore, the difference of 2 points (or 1 face)
on the Faces Pain Scale–Revised is considered clinically
important.32 The median baseline pain score preprocedure for
both groups was not zero, although the painful stimulus had
not been applied yet. This may be because children unwell
enough to warrant venipuncture may have been experienc-
ing some discomfort from their underlying illness, or the pain
measurement tool may in fact have reflected some distress or
apprehension. We found no difference in heart rate between
groups, consistent with growing evidence suggesting that heart
rate as a proxy measure of pain is not reliable.33,34

There were no differences between groups in parental anxi-
ety during the procedure. The fact that parents had moderate
anxiety is clinically important in light of emerging evidence
that parental anxiety can increase anxiety in the child.35,36

Health care providers found it easier to perform the proce-
dure and were more satisfied with the procedure for the mu-
sic group. Any easy-to-implement and low-cost intervention
that also contributes to efficiency of care and provider job sat-
isfaction may have some important but as-of-yet largely un-
measured benefits.

We conducted exploratory analyses to examine whether
other variables had an effect on outcomes. These findings may
provide direction for future research. For instance, prematu-
rity was associated with increased total observed distress, while
identifying with an ethnic minority was associated with less
increase in distress. Premature babies are well known to ex-
hibit more long-standing anxious behaviors than full-term
babies.37,38 The explanation for reduced anxiety if a member
of an ethnic minority may be owing to cultural differences in
experience, perceptions, or expectations. With respect to pa-
rental anxiety, those with a previous ED visit had decreased
anxiety. It is possible that a previous visit lessens anxiety, as a
parent is more familiar with the routines and with what to
expect. Children admitted to hospital had a greater increase
in pain score than those discharged home. It is plausible
that children who are sick enough to be admitted to hospital
may be more sensitive to pain or less able to deal with pain
physiologically or psychologically. Pain thresholds may be
lower in unwell individuals and descending inhibitory path-
ways, which are strongly influenced by neuroendocrine

modulators, may be at suboptimal function during times of
physiological distress.

Considerations Regarding the Intervention
The music for this trial was selected by a music therapist. The
music was not necessarily familiar to the children, rather it con-
tained a variety of rhythms, instruments, and themes in an ef-
fort to serve as a distractor. It is uncertain whether unfamiliar
(and possibly more interesting) or familiar (and perhaps more
comforting) music is more effective. Recent studies of music and
brain physiology suggest that areas of the brain related to emo-
tion regulation and neuroendocrine reward systems are more
active for familiar relative to unfamiliar music.39 Furthermore,
exposure to happy vs sad and lyric vs lyric-free music can in-
fluence the location and strength of neurological activation.40

These complex considerations may be highly relevant to the like-
lihood of effectiveness of a particular musical selection, and
many of the intricacies surrounding the most effective ap-
proach to a musical intervention remain unanswered includ-
ing allowing patients to choose their own music.

Limitations
We were unable to blind the children, parents, and care provid-
ers to the study group. However, to our knowledge, this is one
of the few studies that has blinded the individuals assessing the
primary outcome. This methodological characteristic helps pre-
vent detection bias, which may result in an overestimate of the
effectiveness of the intervention. Another methodological chal-
lenge was contamination between study groups. As the ED per-
sonnel became more aware of the trial, some parents of children
in the control group were encouraged to sing to their children.
Thiseffectwouldreducetheabilitytodetectdifferencesbetween
the groups, which adds strength to our findings. Finally, we did
not allow the patients to choose the music they listened to. If the
music selected for this study was unappealing to patients, it may
have reduced the effectiveness of the intervention.

Future Directions
Further trials of the effect of music on pain and distress are war-
ranted, particularly in different settings and for different clini-
cal procedures. Larger samples with stratification of subjects
based on baseline distress levels is important to consider. A
multimodal approach to analgesia may have relevance for anxi-
ety-reducing strategies.41-44

Conclusions
Music may have a positive impact on pain and distress in chil-
dren undergoing IV placement. Benefits observed for the par-
ents and health care providers have important clinical impli-
cations.
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