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Abstract Purpose Music has been utilized as a thera-
peutic tool during colonoscopy, but various randomized
controlled trials (RCTs) have been inconsistent. We con-
ducted a meta-analysis to analyze the effect of music on
patients undergoing colonoscopy. Patients and Methods
Multiple medical databases were searched (12/06). Only
RCTs on adult subjects that compared music versus no
music during colonoscopy were included. Meta-analysis
was analyzed for total procedure time, dose of sedative
medications (midazolam and mepiridine), and patients’
pain scores, experience, and willingness to repeat the same
procedure in the future. Results Eight studies (N = 712)
met the inclusion criteria. Patients’ overall experience
scores (P < 0.01) were significantly improved with music.
No significant differences were noted for patients’ pain
scores (P = 0.09), mean doses of midazolam (P = 0.10),
mean doses of meperidine (P = 0.23), procedure times
(P = 0.06), and willingness to repeat the same procedure
in future (P = 0.10). Conclusions Music improves
patients’ overall experience with colonoscopy.
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Introduction

Colonoscopy can be a stressful but important procedure for
patients throughout the world as a screening, diagnostic,
and therapeutic tool. The stress seems to be attributed to an
increased amount of anxiety and discomfort before and
during the procedure, leading to patient refusal and ele-
vated medication administration [1]. Anxiety is an
important predictor of patient cooperation during gastro-
intestinal endoscopy [2].

In an effort to decrease stress and anxiety, various stress-
reducing medical modalities have been tried, including
music. Therapeutic uses of music have been utilized in many
disciplines of medicine, including cardiology, radiology,
pulmonology, and gastroenterology. Music therapy has
promoted relaxation responses, triggered positive associa-
tions, and diverted attention from anxiety during pain-
invoking experiences [3]. The use of music has been used to
decrease anxiety levels in patients in a variety of scenarios,
such as those admitted to the coronary intensive care units,
undergoing magnetic resonance imaging, and undergoing
bronchoscopy [4-6]. In gastroenterology, music has been
hypothesized to act as an anxiolytic for stressful procedures;
however, published studies have exhibited differing
outcomes.

Music played during flexible sigmoidoscopies revealed
improved satisfaction of patients and decreased mean arterial
blood pressure and heart rate [7, 8]. In other procedures,
including esophagogastroduodenoscopy and colonoscopy,
relaxing music was shown to improve patient tolerance and
attitudes toward overall feelings about the procedure, although
the effects of music were thought to be marginal [9]. Some
studies have demonstrated that music during colonoscopy
results in decreased doses of sedative medications [10, 11]. The
use of relaxing music during colonoscopies has been shown to
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reduce state-trait anxiety inventory test scores [12, 13]; how-
ever, a similar study revealed no significant difference between
music and non-music groups [14]. Furthermore, when music
was played during esophagogastroduodenoscopy and colon-
oscopy, no significant differences were noted compared to
controls in respect to tolerance of examination, pain sensation,
and perception of the endoscopy room ambiance; although a
majority of patients expressed a preference for music during
future endoscopy [15].

Randomized controlled trials (RCTs) on the subject of
music during colonoscopy have shown varying results in
many regards. Patients’ anxiety, pain, experience, and will-
ingness to have a repeat procedure have varied remarkably
between studies with music therapy. From the endoscopists’
perspective, time to the cecum, total time of colonoscopy,
and sedative medication requirements have also been
inconsistent.

We performed a meta-analysis to evaluate the effect of
music during colonoscopy on patients’ pain, satisfaction,
sedative medication requirements, and willingness to repeat
exam.

Methods
Study Selection Criteria

Randomized controlled trials (RCTs) using music during
colonoscopy were selected. Each study was assigned a
Jadad score to access the quality of the study [16].

Data Collection and Extraction

Articles were searched in Medline, Old Medline, Cochrane
Central Register of Controlled Trials and Database of Sys-
tematic Reviews, DARE, OVID Healthstar & Journals,
Cumulative Index for Nursing & Allied Health Literature,
and Pubmed (from 1966 to 2006) as well as abstracts from
major national GI meetings (Digestive Disease Week and
American College of Gastroenterology National Meeting
from 2001 to 2006) were searched (search date December
2006). The search terms used were music, colonoscopy,
randomized, relaxing music, and music during colonoscopy.
Only RCTs on adult subjects (>18 years old) that compared
music versus no music during colonoscopy were included.
Standard forms were utilized by two independent reviewers
in extracting the data, with differences being resolved by
mutual agreement. Length of procedure, sedative medication
requirements (meperidine and midazolam), and patients’
experience, pain, and willingness to repeat the same proce-
dure were identified and extracted from the randomized
trials. If data was not identified within the manuscript, cor-
responding authors were contacted for additional
information or clarification.
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Statistical Methods

Meta-analysis for the effect of music on patients under-
going colonoscopy was analyzed by calculating pooled
estimates of total procedure time, dose of sedative medi-
cations (midazolam and mepiridine), and patients’ pain
scores, experience, and willingness to repeat the same
procedure in the future. Separate analyses were performed
for each main outcome by using odds ratio (OR), weighted
mean difference (WMD), and standardized mean differ-
ence (SMD). Heterogeneity was assessed by calculating the
I? measure of inconsistency. A random effects model was
utilized to calculate the summary estimate. Significance
was indicated by P-value <0.05. Publication bias was
assessed by funnel plots. RevMan 4.2 was utilized for
statistical analysis of the data.

Results

The initial search identified 107 articles (music and
colonoscopy) (Fig. 1). Of these articles, 14 relevant articles
were selected and reviewed by two independent authors.
Eight randomized controlled trials (N = 712) met the
inclusion criteria and were selected for this study. Data was
extracted from these eight studies. All included studies
were published as full-text articles in peer-reviewed jour-
nals. Table 1 shows the details and Jadad score for the
selected studies (5, excellent quality; O, poor quality). All
randomized trials were published from 2002 to 2006.
Studies were performed worldwide, including the USA
(two), Spain, Germany, India, China, Japan, and Turkey.
Gender was approximately equal among the studies.
Patients’ overall experience scores were improved with
music (SMD —0.65, 95% CI: —1.01 to —0.28, P < 0.01)
(Fig. 2). In respect to sedative medication requirements, no
statistically significant differences between music and no
music groups were noted for patients’ pain scores (SMD
—0.46, 95% CI. —0.98-0.07, P = 0.09) (Fig. 3), mean

| Potential articles identified (n=107) |

Excluded articles (n=94):

Not randomized trials

| Potentially relevant articles (n=14) | Excluded articles (n=6):

EGD & Colonoscopy Combined:
Salmore et al
Hayes et al
Bamptom et al

Not Randomized:
Binek et al

Flexible Sigmoidoscopy Only:
Chlan et al
Palakinas et al

Included randomized controlled trials
(n=8)

Fig. 1 Article identification and selection algorithm
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Tab!e 1. Charact.e I‘lStI.CS of the Study Author Publication =~ Number of  Type of Type of Jadad
studies included in this meta- . a .
. . no. year patients study’ music score
analysis for evaluating the effect
of music versus no music during Andrada et al. 2004 118 RCT  Classical 3
colonoscopy . . . .
2 Schiemann et al. 2002 119 RCT Variety radio station 2
3 Harikumar et al. 2006 78 RCT Variety per patient 5
4 Lee et al. 2002 110 RCT Variety per patient 5
5 Uedo et al. 2004 29 RCT Easy-listening 2
6 Smolen et al. 2002 32 RCT Variety per patient 2
7 Bechtold et al. 2006 166 RCT Relaxing—Enya 3
] 8 Ovayolu et al. 2006 60 RCT Turkish classical music 3
* Randomized controlled trial
Review: Music during colonoscopy
Comparison: ™ Music vs No music
Outcome; 08 Patient Experience
Study Music No music SMD (randorm) Wieight SMD (random)
or sub-category N Mean (SD) M Mean (SD) 95% Cl % 95% CI
Bechtold et al 8s 2.25(1.87) 81 2.81(1.87) - 29.63 -0.30 [-0.60, 0.01]
Harikumar et al ae 6.50(1.08) 40 7.50{1.28) - 23.40 =0.83 [-1.30, -0.37]
Leeetal 111 2.20{2.10) 55 3.20(2.30) = 26.72 =0.45 [-0.83, -0.07]
Ovayolu et ol 30 2.00{1.73) 30 4.19(1.89) —_— 20.26 -1.19 [-1.75, -0.64]
Totl (95% CI) 208 206 & 100.00 -0.65 [-1.01, -0.28]
Test for heterogenetty: Chi* = 9.52, df = 3 (P = 0.02), F = 68.5%
Test for overall effect: Z = 3.44 (P = 0.0008)
-4 2 0 2 4
Music  No music

Fig. 2 Forrest plot showing standard mean difference with random effect model for patients’ experience with music versus no music during

colonoscopy

Review: Music during colonoscopy

Comparison; 01 Music vs No music
Outcome: 07 Reduction in pain scores
Study Music Mo music SMD (random) Weight SMD (random)
or sub-category N Mean (SD) M Mean (SD) a5% Cl % 95% Cl
Bechtold et al as 2.53(2.15) g8l Z2.54(1.98) - 27.26 0.00 [-0.31, 0.30]
Harikumar et al 38 6.84(1.82) 40 7.18(1.93) - 24.68 -0.18 [-0.62, 0.27)
Leeetal 55 4.90(Z.80) 133 £.90(z.90) —= 25.99 =-0.35 [-0.73, 0.03)
Ovayolu et al 30 2.59(z.58) 30 6.10(Z.15) — 2z.08 =l.46 [-2.03, -0.89]
Total (95% C) z08 206 s 100.00 -0.46 [-0.98, 0.07]
Test for heterogeneity: Chi® = 19.64, df = 3 (P = 0.0002), P = 84.7%
Test for overal effect Z=1.71 (P=0.09)

-4 2 0 2 4

Music  No music

Fig. 3 Forrest plot showing standard mean difference with random effect model for patients’ pain reduction with music versus no music during

colonoscopy

doses of midazolam (WMD —0.55, 95% CI: —1.21-0.10,
P = 0.10) (Fig. 4), and mean doses of mepiridine (WMD
—5.27, 95% CI: —13.96-3.41, P = 0.23) (Fig. 5). Music
was associated with a trend, though not statistically sig-
nificant, toward shorter procedure times (WMD
—2.32 min, 95% CI: —4.76-0.13, P = 0.06) (Fig. 6). The
music groups did not demonstrate a significant increase in
willingness to have a repeat procedure in the future (OR
3.89, 95% CI: 0.76-19.97, P = 0.10) (Fig. 7).

Publication bias was evaluated by funnel plot. No sig-
nificant publication bias was identified (Fig. 8).

Discussion

Colonoscopy is a stressful procedure for many patients.
Stress reducers of any kind may be beneficial in
decreasing intra-procedural doses of sedative medications
as well as for increasing patients’ willingness to undergo
the procedure, which, in turn, may promote more
patients to undergo further screening or surveillance
colonoscopies. History has shown that music may be a
simple non-invasive stress reducer for stressful events
and procedures.
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Review: Music during colonoscopy
Comparison: 01 Music vs No music
Outcome: 02 Reduction in the Midazolam doses
Study Music No music WD (random) Weight WMD (random)
or sub-category N Mean (SD) M Mean (SD) 95% Cl % 5% Cl
Bechtold et al 85 1.%82(0.71) Bl 1.85(0.72) L 4 22.68 0.07 [-0.15, 0.29]
Harikumar et al 38 3.37(1.61) 40 4.65(1.44) —— 18.62 -1.28 [-1.96, -0.60]
Ovayolu et al 30 2.10(1.40) 30 Z2.40(1.00) — 19.31 -0.30 [-0.92, 0.32)
Shiemann et al 113 4.50(1.30) 3] 4.30(1.30) - 20.69 0.20 [-0.28, 0.68])
Smolen et al 16 2.13(0.72) 16 3.81(1.17) —_— 18.69 =1.68 [-2.35, -1.01)
Total (85% CI) z24 228 o 100.00 -0.8§8 (-1.21, 0.10)
Test for heterogeneity: Chi* = 36,68, df = 4 (P < 0.00001), P = 89.1%
Test for overall effect: Z=165(P=0.10)

-4 2 0 2 4

Music  No music

Fig. 4 Forrest plot showing weighted mean difference with random effect model for midazolam dose

during colonoscopy

reduction with music versus no music

Review: Music during colonoscopy
Comparison: 01 Music vs No music
Qutcome: 105 Reduction in Meperidine doses
Study Music No music WD (random) Weight WMD (random)
or sub-category ] Mean (SD) N Mean (SD) 95% Cl % 5% Cl
Bechtold et al 85 §7.00(17.72) 81 54.60(17.46) _— 29.40 2.40 [-2.95, 7.75)
Ovayolu et al 30 18.10(11.70) 30 20.60(11.50) e 28.74 -2.50 [-8.37, 3.237)
Shiemann et al 18 27.20(11.90) 26 28.30(13.60) 26.42 =1.10 [-8.69, 6.49)
Smolen et al 16 64.38(23.57) 16 96.56(23.01) 4 15.44 -32.18 [-48.32, -16.04)
Total (95% CI) 149 153 A — 100.00 -5.27 [-13.96, 3.4l]
Test for heterogenetty: Chi* =16.04, df =3 (P = 0.001), P = 81.3%
Test for overall effect: Z=119(P=023)

-10 -3 0 5 10

Music  No music

Fig. 5 Forrest plot showing weighted mean difference with random effect model for mepiridine dose reduction with music versus no music

during colonoscopy

Review: Music during colonoscopy
Comparison; ™M Music vs No music
Outcome: 01 Total procedure time
Study Music No music WMD (ranciom) Weight WD (random)
or sub-category M Mean (SD) N Mean (SD) 95% Cl % 95% C1
Andrada et al 63 20.75({13.42) 55 18.16(12.67) — 15.24 2.59 [-2.12, 7.30]
Bechiold et al 85 20.70(6.10) 8l 20.96(6.63) o 28.70 -0.26 [-2.20, l.8&8]
Harikumar et al 38 19.76(8.70) 40 2Z.80(7.64) —_—— 19.73 -3.04 [-6.68, 0.60]
Leeetal 55 19.20(12.50) 55 23.90(23.10) ——— 5.17 -4.70 [-1l.64, 2.24]
Shiemann et al 59 16.80(11.80) &0 22.80(14.60) — 15.04 -6.00 [-10.77, -1.23]
Smolen et al 16 26.63(12.43) 16 32.88(9.79) ———r— 7.75 -6.25 [-14.00, 1.50]
Uedo et al 14 31.00(10.00) 15 36.00(19.00) + 4.37 -5.00 [-15.95, 5.95]
Total (35% Ci) 330 322 g 100.00 -2.82 [-4.76, 0.13]
Test for heterogeneity: Chi* = 11.22, df = 6 (P = 0.08), F = 46.5%
Test for overall effect: Z = 1.86 (P = 0.08)

-10 5 0 5 10

Fig. 6 Forrest plot showing weighted mean difference with random effect model for total procedure time with music

colonoscopy

Music has been shown to be beneficial for patients
undergoing a variety of medical experiences and proce-
dures, including stays in cardiac intensive-care units,
radiology procedures, and gastrointestinal endoscopy [4—-6].
Several studies have evaluated music as an adjunct relaxa-
tion therapy during various endoscopic procedures,
including flexible proctosigmoidoscopy [7, 8, 17], colon-
oscopy [10-12, 14, 18-21], and a mix of EGD and
colonoscopy [9, 13, 15]. Of these studies, music seems to be
the most effective in reducing procedure-related anxiety and
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Music  No music

versus no music during

improving overall experience [7, 8, 10, 12, 13, 15, 17, 18,
20, 21]. Music may also decrease heart rates and blood
pressure values in patients undergoing lower GI endoscopic
procedures [8, 14]. However, in regards to various param-
eters, including anxiety, the beneficial effects of music
during colonoscopy have not been consistent among studies.

Three studies have demonstrated that music during
colonoscopy has reduced the need for sedative medications
[10, 14, 18]; however, other studies have found no signif-
icant differences [11, 15, 20, 21]. Similar results have been
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Review: Music during colonoscopy
Comparison: 01 Music vs No music
Outcome: 09 wilingness to repeat the same procedure
Study Music No music OR (random) Weight OR (random)
or sub-category nm ni 95% Cl % 95% Cl
Bechtold et al 79/82 32757 — 31.52 20.57 [5.80, 72.97]
Harikumar et al 17/31 21/38 34.32 0.98 [0.38, 2.55)
Lee et al 48/55 37/58 —_— 34.16 3.34 [1.26, 8.82)
Total (95% CI) 168 150 100.00 3.89 [0.76, 19.97]
Total events: 144 (Music), 90 (No music)
Test for heterogenetty: Chi* =14.42, df =2 (P =0.0007),F=86.1%
Test for overall effect: Z=163(P=0.10)

01 02 05 1 2 5 10

No music  Music

Fig. 7 Forrest plot showing odds ratio with random effect model for patients’ willingness to repeat same procedure with music versus no music

during colonoscopy
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Fig. 8 Funnel plot showing no significant publication bias

found in regards to patients’ pain levels during colonos-
copy. One study revealed a decrease in the amount of
patients’ pain levels with the addition of music [21];
however, four other studies revealed no significant differ-
ences between the music and non-music groups [10, 15, 18,
20]. One study showed a significant decrease in overall
procedure time [11], but six studies differed with no sig-
nificant procedure time reduction with music during
colonoscopy [10, 12, 14, 18-20].

This meta-analysis study demonstrates that music
played during colonoscopy significantly improves patients’
experience during colonoscopy. This effect is likely due to
music’s role in patient relaxation during the stressful pro-
cedure of colonoscopy. Music during colonoscopy was also
associated with a trend, though not significant, toward
shorter procedure times. The addition of music to colon-
oscopy did not demonstrate a significant decrease in
patients’ pain levels, amount of sedative medications, or an
increase in willingness to repeat a colonoscopy in the
future.

This study had a few strengths. First, it included only
randomized clinical trials, limiting observational and
selection bias. Second, an extensive search was performed
including seven databases and major GI meeting abstracts.
Third, for data not easily identified in manuscripts, corre-
sponding authors were contacted and missing data was
obtained for analysis. Fourth, the trials were performed
throughout the world, including both western and eastern
hemispheres, and consisted of many different cultures.

However, this study also had a few weaknesses. First,
the quality of the RCTs included in this study, although
good, did lack in certain aspects. The music utilized in the
included studies varied from relaxing classical music to
patient-directed selections. The timing of the music being
played also varied among studies as well. Music was
played in the pre-operative area just prior to the procedure
or only during the procedure. A more consistent timing and
music selection may have altered the results, possibly
impacting those results which showed a positive trend but
were not statistically significant. Also, a majority of the
studies were not blinded to the endoscopist. To minimize
this aspect, endoscopist satisfaction was eliminated from
the meta-analysis. Total procedure time and possibly
medication administration were the only endoscopist-dri-
ven variables. Second, the studies included were
heterogeneous. The most likely reason for this was the vast
differences among the findings for each of the studies.
Although the study designs were adequate, the protocols
were not equivalent. Variations in music and delivery of
music differed among studies. The amounts of required
sedative medications, procedure times, willingness to
repeat colonoscopy, and pain scores all differed signifi-
cantly based upon populations studied. This meta-analysis
included many different cultures and endoscopists from
around the world, which may influence the variables
leading to increased heterogeneity. Due to the heteroge-
neity, a random effects model was utilized for data
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analysis, expanding the confidence interval in an effort to
more easily detect a difference, if one exists. Third, four
relevant studies were not included in this meta-analysis.
Three studies [9, 13, 22] examining music therapy with
both EGD and colonoscopy were not included due to the
inability to extract the requested data regarding the effects
of music during colonoscopy only and one large study [15]
was not included due to lack of randomization.

In conclusion, this meta-analysis demonstrates that
music played during colonoscopy improves patients’
overall experience but does not alter other parameters, such
as sedative pain medication requirements, procedure times,
patients’ pain, and patients’ willingness to repeat the same
procedure in the future. Since patients’ experience is
improved with the addition of music to the colonoscopy, it
is reasonable to offer this non-invasive modality to
endoscopy laboratories.
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