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Non-pharmacological techniques complementary to sedation
administration decrease pain and anxiety during gastrointestinal
endoscopic procedures: a meta-analysis
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Abstract

Background We performed a meta-analysis to assess the effect of non-pharmacological
techniques, such as virtual reality (VR) and music, as adjuncts to sedation administration during
gastrointestinal (GI) endoscopic procedures.

Methods We performed a systematic review across MEDLINE and Cochrane Central Register
libraries of randomized controlled trials (RCTs), published between 2014 and 2024, evaluating
how non-pharmacological techniques affected patients’ reported pain (primary outcome), and
anxiety and satisfaction (secondary outcomes), during endoscopy. We performed pairwise meta-
analyses and expressed the effect size on study outcomes. We assessed the quality of evidence using
Grading of Recommendations Assessment, Development and Evaluation approach.

Results Twelve RCTs analyzing outcomes from 1511 patients (non-pharmacological techniques
n=762; standard sedation n=749) were included. Compared to the sedation-only group, application
of non-pharmacological techniques resulted overall in significantly lower pain as mean difference
[MD] -1.02, 95% confidence interval [CI] -1.64 to -0.41; P=64%) and anxiety (MD -1.07,
95%CI -1.75 to -0.39; P=20%), with higher satisfaction (MD 1.67, 95%CI 0.50-2.84; P=94%).
There was low confidence in the estimates, due to the possibility of performance and detection bias
in the majority of the studies, and the high level of heterogeneity. This effect regarding reported
pain was consistent for virtual reality (3 RCTs, n=241) and music (10 RCTs, n=1270): MD -1.05,
95%CI -1.74 to -0.37; ’=0%, and MD -1.00, 95%CI -1.80 to -0.20; I’=73%, respectively.

Conclusion Concomitant application of virtual reality and/or music as adjuncts to sedation
administration during GI endoscopic procedures decreases pain and anxiety, at the same
improving time patient satisfaction.
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gastrointestinal (GI) endoscopy contributes to procedural
quality and improves patient satisfaction, in everyday clinical
practice [1]. GI endoscopy is perceived as uncomfortable
and anxiety-provoking, while the risk of serious sedation-
induced adverse events, ie., cardiopulmonary reactions, is
always imminent, especially in those of advanced age and
with comorbidities [2,3]. Irrespective of the specific sedative
drug used in procedural sedation, hypoxia, hypotension
and bradycardia are the most frequently observed adverse
events [4]; however, efficacious and safe combinations of
sedative/analgesic medications that facilitate the performance
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of GI endoscopy are readily available [5]. The need for
intravenous access, potentially allergic reactions to medication,
and time spent in the recovery area are drawbacks of
pharmacological sedation.

Hence, the application of non-pharmacological
interventions, such as listening to music or the use of virtual
reality (VR) glasses, in addition to standard pharmacological
sedation might be a valuable tool. Among these, music is
perhaps the one with the most evidence available; however,
its exact impact on patient-reported outcomes compared to
standard care remains ambiguous, since individual studies
and meta-analyses face flaws in their performance that have
attracted criticism [6-8]. Furthermore, data regarding the
role of currently available VR modalities are inconclusive.
In this context, we performed an updated systematic review
with meta-analysis incorporating data exclusively from recent
randomized controlled trials (RCTs) to evaluate the effect of
non-pharmacological interventions, namely music and VR, as
adjuncts to conventional sedation administration on patients’
reported outcomes for endoscopic procedures.

Materials and methods

This study was carried out according to the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement [9] (Supplementary Table 1). The review
protocol is available at the International Prospective Register of
Systematic Reviews (PROSPERO) under registration number
CRD420250650749.

Eligibility criteria

Eligibility criteria were defined according to the
PICO statement; P: patients undergoing any type of GI
endoscopic procedure; I: non-pharmacological techniques
such as VR and/or music as adjuncts to standard sedation
(excluding pre-endoscopy interventions such as education
and training); C: standard sedation practice; and O:
patients’ reported outcomes (including pain, anxiety
and satisfaction). Only RCTs, published as full text in
the English language, were eligible for inclusion. Non-
randomized, prospective or retrospective studies, pragmatic
implementation trials, studies reporting secondary analysis
of a previously published RCT, review studies and meta-
analyses were excluded.
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Identification and selection of studies

Our search strategy included the terms “gastroscopy’,
“colonoscopy”, “ERCP”, “EUS”, “virtual reality” and “music’,
as both medical subject headings (MeSH) and free-text terms
combined with the Boolean set operators AND” and “OR”.
PubMed and the Cochrane Central Register of Controlled
Trials electronic databases were searched, starting from
1** January 2014 until 31" December 2024. The search was
performed on 5" January 2025. Two investigators (PR and
NDL) independently performed the search and after removal
of duplicates, 2 reviewers (PR and NDL) assessed the titles
and abstracts of all results for inclusion. Eligibility of selected
articles was evaluated independently, using predesigned
eligibility forms, with disagreements resolved by discussion.
Finally, references of all eligible studies were manually searched
by all reviewers, to identify potentially studies missed during
the first search.

Data extraction and quality assessment

Data from eligible studies were independently extracted by
2 authors (PR and NDL) into a Microsoft Excel spreadsheet
(XP professional edition; Microsoft, Redmond, WA) using
a standard data extraction form. These data included: name
of first author, publication year, endoscopic procedures,
number of total participants, mean reported pain, as per each
scale assessed. We also extracted the reported anxiety and
satisfaction scores, sedation/analgesia medication doses, as
well as vital signs (systolic blood pressure, oxygen saturation
and heart rate).

Assessment of risk of bias

The Cochrane collaboration’s assessment tool was used to
assess the risk of bias for each individual study included [10].
Two independent researchers (PR and GT) assessed the risk of
bias attributed to methods used to generate the randomization
schedule and conceal treatment allocation (selection bias),
implementation of blinding for participants or personnel
(performance bias), assessment of outcomes (detection bias),
proportion of subjects who completed follow up (attrition bias),
and evidence of selective reporting of outcomes (reporting
bias). Each study included in the meta-analysis was classified
as having high, low or unclear risk of bias, with reference to
each of the abovementioned domains.

Clinical outcomes studied

The primary outcome of the meta-analysis was evaluation
of the reported pain, when non-pharmacological techniques,
such as VR or music, were applied complementary to
standard sedation. Their effect on patient-reported anxiety
and satisfaction, sedation/analgesia medication doses, as well



as vital signs (systolic blood pressure, oxygen saturation, and
heart rate) comprised the secondary outcomes.

Data synthesis and statistical analysis

For continuous outcomes, we calculated the mean
difference (MD) with 95% confidence interval (CI), using
inverse variance. Data were meta-analyzed using the random-
effects model (DerSimonian and Laird method) to allow a
more conservative estimate of the effect, given the anticipated
substantial methodological heterogeneity among studies.
We assessed publication bias visually, by checking the funnel
plot for asymmetry. All analyses were performed at the 0.05
significance level. Review Manager 5.3 (The Nordic Cochrane
Centre, The Cochrane Collaboration, Copenhagen, Denmark)
software package was used to meta-analyze all data and to
construct forest and funnel plots.

Heterogeneity assessment and sensitivity analyses

We assessed the presence of heterogeneity using the
x* (Cochran Q) test and P statistic. For I? values >50%, we
undertook predefined sensitivity analysis to identify the source of
heterogeneity by excluding 1 study at a time to explore potential
sources of clinically relevant heterogeneity among the trials,
as proposed by the Cochrane collaboration. One additional
sensitivity analysis was undertaken for our primary outcome,
namely per non-pharmacological technique (VR or music).

Assessment of quality of body of evidence

The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach was
used to rate the certainty of evidence synthesized for each
different outcome [11]. This graded inconsistency, risk of bias,
indirectness, imprecision and publication bias. Overall quality
was deemed very low, low, moderate, or high using GRADEpro
(GRADE Working Group).

Results

Study selection

The initial search yielded 221 citations. Of these, 200 were
excluded after title and abstract review as irrelevant to the
study’s aim, or as duplicates, leaving 21 articles eligible for full-
text assessment. Three non-randomized studies, 5 where no
sedation was delivered, and 1 study with a different endpoint
(endoscopist performance instead of patient satisfaction) were
excluded; thus, 12 studies [12-23] were included in the final
analysis. The PRISMA flowchart showing the study selection is
depicted in Fig. 1.
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Characteristics of studies included

Table 1 summarizes the main characteristics of the
included studies. One study assessed the effect of VR
distraction methods [23], 9 studies assessed the effect of music
therapy [12,14-19,21,22], while the effects of both auditory and
visual distraction were assessed in 2 studies [13,20]. The vast
majority of studies (n=11) enrolled individuals undergoing
colonoscopy for various indications, while 1 study included
patients undergoing diagnostic endoscopic ultrasound [17].

Methodological quality and risk of bias

A summarized assessment of the risk of bias per study using
the Cochrane Collaboration’s risk of bias assessment tool is
illustrated in Fig. 2. Participating physicians and patients were
blinded neither to the equipment used, nor to the outcomes
measured, in the majority (n=9/12) of the studies; hence, we
noted high concern regarding measurement bias.

Endpoints
Primary endpoint: pain

Eleven studies [12,13,15-23] provided data regarding
reported pain during GI endoscopy. Overall, 1511 patients
were included: 762 received non-pharmacological techniques
while 749 received standard sedation. Compared to standard
sedation, addition of non-pharmacological techniques resulted
in significantly lower pain (MD -1.02; 95%CI -1.63 to 0.41;
P=64%) (Fig. 3). In an effort to address heterogeneity, the
step-by-step, leave-one-out sensitivity analysis showed that
the pooled effect size remained significant after exclusion of
any single study. When studies were assessed according to the
modality used (VR or music), heterogeneity was eliminated
(x*=0.77; Df=2; P=0.68) for the subgroup of studies analyzing
VR technology [13,20,23], and the measured effect was further
strengthened (MD -1.05, 95%CI -1.74 to -0.37; ’=0%).
Visual assessment of the funnel plot showed no evidence of
publication bias (Supplementary Fig. 1), while the certainty
of evidence derived from the meta-analysis indicated that
quality of evidence supporting lower reported pain with non-
pharmacological techniques was low, given the serious risk of
bias, serious inconsistency and indirectness (Supplementary
Table 2).

Secondary endpoints

Anxiety: Nine studies provided data regarding reported
anxiety during GI endoscopy [12,14-16,18-20,22,23]. A total
of 1255 patients were included in the analysis: 629 received
non-pharmacological techniques while 626 received standard
sedation. Compared to standard sedation, the addition of non-
pharmacological techniques resulted in significantly lower
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Figure 1 Flow diagram of assessment of eligible studies identified
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Figure 2 Risk of bias of included trials
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Non-pl Standard Mean Difference Mean Difference
Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI Year IV, Random, 95% CI
1.1.1 Virtual Reality
De Silva 2016 [13] -1 1.4166 67 67 3.8% -1.00[-3.78,1.78] 2016 —
Cakir 2023 [20] -0.9 0.4052 30 30 12.8% -0.90[-1.69,-0.11] 2021 —
Shamali 2024 [23] -1.7  0.817 23 24 7.7% -1.70[-3.30,-0.10] 2024
Subtotal (95% Cl) 120 121 24.3% -1.05[-1.74,-0.37] -
Heterogeneity: Tau? = 0.00; Chi? = 0.77, df = 2 (P = 0.68); 1> = 0%
Test for overall effect: Z = 3.00 (P = 0.003)
1.1.2 Music
Martindale 2014 [12] 6.91 7.6075 17 17 02% -6.91[-21.82,8.00] 2014
De Silva 2016 [13] -1 1.4164 66 67 3.8% -1.00[-3.78,178] 2016 ——
Ko 2019 [15] -0.13  0.6485 40 40  9.6% -0.13[-1.40,1.14] 2019 —
Celebi 2020 [16] -25 1.0287 56 56 59% -2.50[-4.52,-0.48] 2020
Pedersen 2020 [17] 0.35 0.5901 66 60 103% 0.35[-0.81,1.51] 2020 —
Cakir 2023 [20] 1404492 30 30 12.2% -1.40[-2.28,-0.52] 2021 —
Brix 2022 [18] 0 14327 169 168 3.7% 000[-281,281] 2022
Sun 2022 [19] -6.89 26132 112 104 1.3% -6.89 [-12.01,-177] 2022 ¢
Donghia 2023 [21] -1.91 0.3086 31 31 14.4% -1.91[-251,-1.31] 2023 —_
Hirani 2024 [22] -0.23 0.2676 55 55 11.6% -0.23[-0.75,029] 2024 —
Subtotal (95% CI) 642 628 75.7% -1.00 [-1,80, -0.20] -
Heterogeneity Tau? = 0 87; Chi? = 32.81, df = 9 (P = 0.0001); I = 73%
Test for overall effect: Z = 2.45 (P = 0.01)
Total (95% CI) 762 749 100.0% -1.02 [-1.64, -0.41] ) ) - ) )
Heterogeneity: Tau? = 0.60; Chi? = 33.72, df = 12 (P = 0.0007); I* = 64% 4 2 0 > 4
Ez: Ig; gzs;ﬂfgﬁ?;fefe;\:e?éﬁlz 2'8.0011). df=1(P=0.92),P=0% Favours Non-pharmacological techniques Favours Standard sedation

Figure 3 Forest plot for studies assessing the effect of non-pharmacological techniques complementary to sedation administration on reported pain

CI, confidence interval

anxiety (MD -1.07, 95%CI -1.75 to -0.39; P=20%) (Fig. 4A).
Sensitivity analysis did not detect any study responsible for the
detected heterogeneity. No evidence of publication bias was
evident (data not shown).

Patient satisfaction: Six studies provided data regarding
reported satisfaction during GI endoscopy [12,15,18-20,23].
This analysis included 834 patients: 421 underwent non-
pharmacological techniques while 413 received standard
sedation. Compared to standard sedation, the addition of non-
pharmacological techniques resulted in significantly higher
levels of satisfaction (MD 1.67, 95%CI 0.50-2.84; PP=94%)
(Fig. 4B). The sensitivity analysis, excluding 1 study at a time,
did not identify a single study accountable for this effect. No
evidence of publication bias was evident (data not shown).

Sedation/analgesia ~ medication ~ doses:  Sedation/
analgesia medication dosages were provided in 6
studies [12-14,18,22,23], referring to 891 patients: 438
underwent non-pharmacological techniques, while 453
received standard sedation. Additional non-pharmacological
techniques were associated with a lower mean dose of
midazolam compared to standard sedation, although the
difference was non-significant (MD -0.43, 95%CI -0.88 to 0.02;
P=93%) (Supplementary Fig. 2A). Similarly, the mean dose
of analgesia did not differ significantly between the 2 arms
(MD -1.41, 95%CI -4.14 to 1.32; P=51%) (Supplementary
Fig. 2B). The sensitivity analysis, excluding 1 study at a time,
did not identify a single study accountable for this effect. No
evidence of publication bias was evident (data not shown).

Effect on vital signs during endoscopy

a) Systolic  blood pressure. Data from 6
studies [15,16,18-20,22] including from
975 patients (492 received non-pharmacological techniques
while 483 received standard sedation), showed no significant
difference with the use of the non-pharmacological

analysis
outcomes

techniques compared to standard sedation (MD -3.10,
95%CI -8.15 to 1.96; P=75%) (Supplementary Fig. 2C).

b) Oxygen saturation. Four studies analyzing outcomes from
785 patients (397 received non-pharmacological techniques
while 388 received standard sedation), examined oxygen
saturation [16,18-20]. No significant difference in oxygen
saturation fluctuation between the non-pharmacological
techniques and standard sedation was detected (MD 0.32,
95%CI -0.68 to 1.32; P=36%) (Supplementary Fig. 2D).

¢) Heart rate. Data analysis from six studies [15,16,18-20,22],
analyzing outcomes from 975 patients (492 received non-
pharmacological techniques while 483 received standard
sedation), showed no significant difference in heart rate
between the use of the non-pharmacological techniques
compared to standard sedation (MD -3.52, 95%CI -9.49 to
2.45; P=88%) (Supplementary Fig. 2E).

Grade evidence estimates

Overall, our confidence in the effect estimates for efficacy
was deemed low. More specifically, we downgraded the
quality of the body of evidence by 3 levels: 1 for the risk of
performance and detection bias in the majority of the studies;
1 for inconsistency; and 1 for the presence of indirectness in
the evidence—since the included studies were conducted in
different settings (different populations, methods, endoscopists,
patients’ reported outcomes) (Supplementary Table 2).

Discussion

Sedation and analgesia have revolutionized the procedural
quality of GI endoscopy, contributing at the same time to
better patient satisfaction and more willingness to undergo an
endoscopic procedure [3]. Over the last 10 years, digital access
to music (and, to a lesser extent, to VR) has become widely and
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Figure 4 Forest plot for studies assessing the effect of non-pharmacological techniques complementary to sedation administration on reported

(A) anxiety and (B) patient satisfaction
CI, confidence interval

easily available, with numerous online streaming platforms,
and small portable devices such as music boxes and in-ear
headphones.

Our systematic review and meta-analysis demonstrated
that provision of music or VR complementary to standard
sedation administration not only resulted in a significant
decrease in patients’ procedure-related pain levels, but also
mitigated anxiety during the preprocedural period, leading to
greater satisfaction. Notably, this effect was more prominent
for VR than for music, implying that the heterogeneity derives
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principally from studies evaluating music; this could be
attributed to the different types of music types, or to different
modes of music application—i.e., headphones, music in room.
However, further subgroup analyses to address this issue
in detail were not possible, in view of the poor reporting.
Changes in the visual analogue scale of more than 9 mm were
found to be clinically significant, irrespective of sex, age or
cause of pain [24]. As control of pain and anxiety is a high
priority for patients [3], reductions in pain and anxiety are
most likely to be clinically meaningful. Initially, no difference



was observed with patient-selected music [25]; more recently,
however, patient-selected music appears to be more effective
than researcher-selected music [26]. The involvement of the
patient’s contribution and choice is beneficial during the
assessment and information gathering prior to endoscopic
procedures [27,28].

Although confidence in the effect estimates was deemed
low, our analysis showed a clear-cut benefit from application
of the audiovisual distraction techniques in reducing pain
and anxiety. Music can distract the patients’ attention from
pain and discomfort, but auditory distractions appear
to be more effective than visual distractions in reducing
the dose of sedation, indicating that music has a greater
effect than mere distraction [29]. Music also awakens
memories and emotions, further reducing levels of stress
and anxiety [30]. Numerous brain areas (e.g., cingulate
cortex, periaqueductal gray matter) and neurotransmitters
(e.g., endorphins, oxytocin, dopamine) are involved in pain
modulation [25,31], and can be modified by listening to
music [32,33]. Besides neurotransmitters, other biological
processes (noradrenaline, prostaglandins, cytokines, etc.) are
also modified by music [31]. Music also facilitates recovery
after psychological stress [34].

A handful of meta-analyses have attempted to pool data
on the role of listening to music in reducing pain in adults
undergoing colonoscopy [6-8,35]. These had conflicting
results, but reported a small treatment effect in favor of music
to improve overall patient experience, while the role of VR was
not studied in those iterations.

Implementation of non-pharmacological techniques
complimentary to standard sedation care during GI endoscopic
procedures may have favorable implications for everyday
clinical practice. These modalities are safe (no complications
were reported), easy-to-administer, low-cost and noninvasive
interventions, that can be applied in many different clinical
settings, underlining the generalizability of their application,
regardless of the physicians expertise, and without any previous
dedicated training.

Despite the use of sedation/analgesia as an effective measure
to reduce pain and discomfort, serious cardiorespiratory
events may occur, especially in patients of advanced age
and/or with comorbidities [36]. Optimized sedation not
only improves the core quality indicators of the endoscopic
procedure itself, but also decreases the burden on patients and
endoscopy departments due to a prolonged recovery time [37].
Hence, the possibility of administering smaller quantities of
sedatives and analgesic might potentially affect the incidence
of cardiopulmonary reactions. Our analysis indeed showed
lower levels of sedative medication used in the intervention
arm, although the difference was statistically non-significant.
Lower doses of sedative medication and/or a shorter recovery
time could result in lower costs. In the case of VR goggles, the
purchase price, as well as reprocessing and cleaning costs, need
to be taken into account regarding cost-effectiveness, while
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listening to music via the patient’s personal music device and/
or earphones would most likely be cost-beneficial.

The principal strength of this meta-analysis is the use of
a rigorous and reproducible methodology; we conducted a
comprehensive recent literature search, reported in full, and
with a strict assessment of study quality and evidence, following
recommendations for systematic reviews [38]. Including
only studies of the highest quality (RCTs), the exclusion of
publication bias, as well as the performance of sensitivity
analyses are additional study assets.

There are limitations related to both the analysis and the
individual studies that merit further discussion. First, the high
level of heterogeneity, the absence of participant blinding and
allocation to the endoscopist, and the presence of confounding
factors, leading to the low-grade certainty of the evidence,
should be considered in any interpretation of the results of our
analysis.

Second, there were differences in the technology systems
used (i.e., different modes of music administration, different
genres of music at the discretion of either the patient or the
endoscopist), in the clinical settings (i.e., outpatient vs.
inpatients), in the indications for endoscopy, and in the
populations enrolled (regarding age distribution, and variations
in lifestyle of people from different countries), all of which
limited the ability to draw firm conclusions across the spectrum
of non-pharmacological techniques. Notably, the primary
outcome of interest (pain) was a patient-reported outcome
evaluated by different scales in each study. Heterogeneity for
the primary endpoint (pain, P=64%) was eliminated when
studies were assessed according to the modality used (VR
or music), implying that heterogeneity derived principally
from studies evaluating music. This could be attributed to
the different music types used, or to the different modes of
delivery, i.e., headphones or music in room. However, further
subgroup analyses to address this issue were not possible,
given the poor reporting, and this should also be listed among
the limitations of the current study. To address this, we used
a random-effects model, allowing a more conservative effect
of estimate when a high degree of heterogeneity among RCTs
is expected. In addition, most of the included trials suffered
bias related to performance and outcome detection, given that
blinded assessment was not possible, while the subjectivity of
the outcome measurements may have led to performance bias.

Third, a number of patient-, provider- and system-level
factors (timing and duration of the intervention, frequency
of exposure, timing of outcome variable assessment. level of
endoscopist experience) may affect the performance of these
technology systems. Finally, it was impossible to perform a
cost-benefit analysis.

To conclude, we found that concomitant application of
non-pharmacological techniques (VR or music) as adjuncts
to standard sedation care for GI endoscopic procedures may
result in reduced pain and anxiety, while also improving
patient satisfaction.
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Summary Box

What is already known:

o The risk of serious sedation-induced adverse
events during gastrointestinal endoscopy is always
imminent

« Application of non-pharmacological interventions,
such aslistening to music or the use of virtual reality
glasses, in addition to standard pharmacological
sedation might be valuable

What the new finding is:

 Inameta-analysis of twelve randomized controlled
trials, the application of non-pharmacological
techniques resulted in significantly lower pain and
anxiety, while also improving patient satisfaction

—

References

McQuaid KR, Laine L. A systematic review and meta-analysis of
randomized, controlled trials of moderate sedation for routine
endoscopic procedures. Gastrointest Endosc 2008;67:910-923.
Vargo JJ 2. Sedation-related complications in gastrointestinal
endoscopy. Gastrointest Endosc Clin N Am 2015;25:147-158.
Trevisani L, Zelante A, Sartori S. Colonoscopy, pain and fears: is it an
indissoluble trinomial? World ] Gastrointest Endosc 2014;6:227-233.
Li J, Liu Y, Chen S, Dai X, Wang J. Pharmacological agents
for procedural sedation and analgesia in patients undergoing
gastrointestinal endoscopy: a systematic review and network meta-
analysis. EClinicalMedicine 2025;85:103307.

Goudra B, Gouda G, Mohinder P. Recent developments in drugs
for GI endoscopy sedation. Dig Dis Sci 2020;65:2781-2788.
Bechtold ML, Puli SR, Othman MO, Bartalos CR, Marshall JB,
Roy PK. Effect of music on patients undergoing colonoscopy:
a meta-analysis of randomized controlled trials. Dig Dis Sci
2009;54:19-24.

Heath RD, Parsa N, Matteson-Kome ML, et al. Use of music during
colonoscopy: an updated meta-analysis of randomized controlled
trials. World ] Metaanal 2019;7:428-435.

Sorkpor SK, Johnson CM, Santa Maria DM, Miao H, Moore C,
Ahn H. The effect of music listening on pain in adults undergoing
colonoscopy: a systematic review and meta-analysis. J Perianesth
Nurs 2021;36:573-580.

Moher D, Shamseer L, Clarke M, et al; PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015 statement. Syst Rev 2015;4:1.

. Higgins JPT, Green S. Cochrane handbook for systematic reviews
of interventions version 5.1.0. The Cochrane Collaboration, 2011.
Available  from:  https://www.radioterapiaitalia.it/wp-content/
uploads/2017/01/cochrane-handbook-for-systematic-reviews-of-
interventions.pdf [Accessed 2 September 2025].

. Schitnemann H, Brozek J, Guyatt G, Oxman A. GRADE handbook
for grading quality of evidence and strength of recommendations.
Updated October 2013. The GRADE Working Group, 2013.
Available from: https://gdt.gradepro.org/app/handbook/
handbook.html [Accessed 2 September 2025].

Annals of Gastroenterology 38

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Martindale F, Mikocka-Walus AA, Walus BP, Keage H, Andrews JM.
The effects of a designer music intervention on patients’ anxiety,
pain, and experience of colonoscopy: a short report on a pilot
study. Gastroenterol Nurs 2014;37:338-342.

De Silva AP, Niriella. MA, Nandamuni Y, et al. Effect of audio
and visual distraction on patients undergoing colonoscopy: a
randomized controlled study. Endosc Int Open 2016;4:E1211-E1214.
Bashiri M, Akgali D, Coskun D, Cindoruk M, Dikmen A,
Cifdaloz BU. Evaluation of pain and patient satisfaction by
music therapy in patients with endoscopy/colonoscopy. Turk |
Gastroenterol 2018;29:574-579.

Ko SY, Leung DY, Wong EM. Effects of easy listening music
intervention on satisfaction, anxiety, and pain in patients
undergoing colonoscopy: a pilot randomized controlled trial. Clin
Interv Aging 2019;14:977-986.

Celebi D, Yilmaz E, Sahin ST, Baydur H. The effect of music
therapy during colonoscopy on pain, anxiety and patient comfort:
A randomized controlled trial. Complement Ther Clin Pract
2020;38:101084.

Pedersen MRV, Dam C, Rafaelsen SR. Music and pain during
endorectal  ultrasonography examination: a  prospective
questionnaire study and literature review. Radiography (Lond)
2020;26:e164-e169.

Brix LD, Pedersen ASB. Effect of music intervention in
colonoscopy-naive adults: a randomised controlled trial. Br ] Nurs
2022;31:526-532.

Sun DJ, You YX, He X], et al. Effects of light music played by
piano intervention on satisfaction, anxiety, and pain in patients
undergoing colonoscopy: a randomized controlled trial. Medicine
(Baltimore) 2022;101:32339.

Cakir SK, Evirgen S. Three distraction methods for pain reduction
during colonoscopy: a randomized controlled trial evaluating the
effects on pain and anxiety. J Perianesth Nurs 2023;38:e1-e7.
Donghia R, Convertino S, Grasso M, Manghisi A, Di Masi M,
Liso M. Effect of music therapy in patients undergoing endoscopy:
pilot study of anxiety, pain, and cardiopulmonary parameters. Br |
Surg 2023;110:1013-1014.

Hirani AAA, Ismail FW, Abdulaziz E, Barolia R, Begum D, Kamani L.
The effects of music therapy on patients undergoing colonoscopy in
a tertiary care hospital at Karachi, Pakistan: a comparative study.
] Pain Palliat Care Pharmacother 2024;38:233-243.

Shamali M, Vilmann P, Johansen NR, Konradsen H. Virtual reality
intervention to improve quality of care during colonoscopy: a
hybrid type 1 randomized controlled trial. Gastrointest Endosc
2024;100:914-922.

Kelly AM. Does the clinically significant difference in visual analog
scale pain scores vary with gender, age, or cause of pain? Acad
Emerg Med 1998;5:1086-1090.

Martin-Saavedra ]S, Vergara-Mendez LD, Talero-Gutiérrez C.
Music is an effective intervention for the management of pain: An
umbrella review. Complement Ther Clin Pract 2018;32:103-114.
Parr H, Hu J. Music interventions to reduce anxiety and pain in
surgical patients: an umbrella review. J Perianesth Nurs 2025;40:
1316-1324.e3.

Greeft Y, Vélez C, Feld LD, Duong N. Best practices for the
gastroenterologist: trauma-informed care in the endoscopy suite.
Dig Dis Sci 2025;70:2611-2615.

Everett SM, Triantafyllou K, Hassan C, et al. Informed consent
for endoscopic procedures: European Society of Gastrointestinal
Endoscopy (ESGE) Position Statement. Endoscopy 2023;55:952-966.
Lee DW, Chan AC, Wong SK, et al. Can visual distraction
decrease the dose of patient-controlled sedation required
during colonoscopy? A prospective randomized controlled trial.
Endoscopy 2004;36:197-201.

Saldafa-Ortiz V, Recio-Rivas A, Mansilla-Dominguez JM,



31.

32.

33.

34.

Martinez-Miguel E. Impact of music therapy on patients in the
critical care unit: a qualitative study. Nurs Crit Care 2025;30:¢70099.
Arnold CA, Bagg MK, Harvey AR. The psychophysiology of
music-based interventions and the experience of pain. Front
Psychol 2024;15:1361857.

Chanda ML, Levitin D]. The neurochemistry of music. Trends
Cogn Sci 2013;17:179-193.

Dobek CE, Beynon ME, Bosma RL, Stroman PW. Music
modulation of pain perception and pain-related activity in the
brain, brain stem, and spinal cord: a functional magnetic resonance
imaging study. J Pain 2014;15:1057-1068.

Khalfa S, Bella SD, Roy M, Peretz I, Lupien SJ. Effects of relaxing
music on salivary cortisol level after psychological stress. Ann N'Y
Acad Sci 2003;999:374-376.

35.

36.

37.

38.

Virtual reality and music during GI endoscopy 719

Wang MC, Zhang LY, Zhang YL, Zhang YW, Xu XD, Zhang YC.
Effect of music in endoscopy procedures: systematic review
and meta-analysis of randomized controlled trials. Pain Med
2014;15:1786-1794.

Early DS, Lightdale JR, Vargo JJ 2", et al; ASGE Standards of
Practice Committee. Guidelines for sedation and anesthesia in GI
endoscopy. Gastrointest Endosc 2018;87:327-337.

Triantafyllou K, Sioulas AD, Kalli T, et al. Optimized sedation
improves colonoscopy quality long-term. Gastroenterol Res Pract
2015;2015:195093.

Cumpston M, Li T, Page MJ, et al. Updated guidance for trusted
systematic reviews: a new edition of the Cochrane Handbook for
Systematic Reviews of Interventions. Cochrane Database Syst Rev
2019;10:ED000142.

Annals of Gastroenterology 38



Supplementary material

0~ SE(MD) .
o <>o<> P % o
6 o

q |

< :
6T :

o :
81 :
10 . b ) ) MD

N
Subgroups

[OVirtual Reality < Music |

Supplementary Figure 1 Funnel plot for studies assessing the effect
of non-pharmacological techniques complementary to sedation
administration on reported pain

SE, standard error; MD mean difference



Non-pharmacological techniques Standard sedation Mean Difference Mean Difference

Study or Subgroup _Mean Difference __SE Total Total _Weight IV, Random, 95% ClYear IV, Random, 95% CI
411 Virtual Reality
De Silva 2016 [13] 05 0.3542 67 67 154% -0.50(-1.19,0.19] 2016 —_—
Shamali 2024 [23] -0.67 0.3022 23 24 17.1% -0.67[-1.26,-0.08] 2024 —
Subtotal (95% CI) 90 91 325% -0.60 [1,05,0.15] <
Heterogeneity: Tau? = 0.00; Chi? = 0.13, df = 2 (P= 0.72); I = 0%
Test for overall effect 60 (P = 0.009)
4.1.2 Music
Bashiri 2018 [14] (1) 0.7 0.0762 4 55 23.6% -0.70[-0.85,-0.55] -
Martindale 2014 [12] 114142 17 17 24%  -1.00[3.77,177] 2014
De Silva 2016 [13] 0.5 05599 66 67 100% -0.50[-1.60, 0.60] 2016 —_—
Brix 2022 [18] 0 0.0064 169 168 24.2%  0.00[0.01,0.01] 2022
Hirani 2024 [22] 0 07054 55 55 7.4% 0.00[-1.38,138] 2024 —
Subtotal (95% CI) 348 362 67.5% -0.35[0.91,0.21] —
Heterogeneity Tau? = 0.23; Chi? = 85.07, df = 4 (P < 0.0001); I = 95%
Test for overall effect: Z = 1.24 (P = 0.21)
Total (95% CI) 438 453 100.0%  -0.43 [0.88, 0.02] -~
Heterogeneity: Tau?
Test ¢ Il effect 4 2 2 4

estfor overall efie B Favours Non-pharmacological techniques Favours Standard sedation
Test for subgroup differences: Chit = 0.4, df = 1 (P = 0.50), F = 0%
Footnotes
(1) (Deep sedation arm)

E Non-pharmacological techniques Standard sedation Mean Difference Mean Difference

Study or Subgroup Mean Difference _SE Total Total Weight IV, Random, 95% ClYear 1V, Random, 95% CI
5.1.1 Virtual Reality
De Silva 2016 [13] 5 6772 67 67 3.9% -5.00[-18.27,8.27) 2016 —_——T—
Shamali 2024 [23] 254 132138 23 24 1.4%-25.40 [-51.30, 0.50] 2024
Subtotal (95% CI) 90 91 5.0%-12.04 [31.06, 6.97] e —
Heterogeneity: Tau? = 97.85; Chiz = 1.89, df = 1 (P = 0.17); = 47%
Test for overall effect: Z = 1.24 (P = 0.21)
5.1.2 Music
gagnfaljoi?[‘:g ’ 0 1715 17 17 27.9%  0.00[3.36,3.36] 2014
et 2018 1 () 5 25048 66 67 18.8% -5.00[-9.91,-0.09] 2016

5 g
Brix 2022 [18) 0 0.0029 ;iz ;si 48 3‘,/“ g.;wg [ 2.;);. :).2;] 2022
Subtotal (95% CI) 52 95.0% -0.73[-2.89,1.42]
Heterogeneity Tau? = 1.99; Chi? = 3.98, df = 2 (P = 0.14); I = 50%
Test for overall effect: Z = 0.67 (P = 0.51)
Total (95% CI) 342 343 100.0%  1.41[4.14,1.32] ) ) q ) )
Heterogeneity: Tau? = 4.01; Chi = 8.22, df = 4 (P = 0.08); I = 51% a0 10 S %
Test for overall effect: Z = 1.01 (P = 0.31) Favours Non-pharmacological techniques ~ Favours Standard sedation
st for subgroup differences: Chiz = 1.34, df = 1 (P = 0.25), I = 25.5%
N i iques Standard sedation Mean Difference Mean Difference

udy or Subgroup Mean Difference  SE Total Total Weight IV, Random, 95% ClYear IV, Random, 95% Cl
81,1 Yirtual Reality 2 53916 30 80 113% 2901287, 857} 2021 e
Subtotal (95% CI) 30 30 113% -200[-12557, 857 —
Heterogenaity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)

1.2 M
& 201;0;'%] 093 45032 40
Celebi 2 zoys} -25 7418 50
Cakir 2023 [20] 1 5.6546 30
Brix 2022 18 3 15927 169

un 2022 567 2.8975 12
Hirani 2024 [22] -7.89 2.1302 55 2%
Subtotal (9&% o, 462 433 887%  -3.30[8.92,2.32 B
Heterogeneity Ta 4 G = 24,26, df =5 (P = 0.0002); = 79%
roreGhea 2 21 F e 25)
Total (95% CI) 492 483 100.0%  -3.10[-8.15, 1.96] e
Heterogeneity: Tau? = 30.03; Chi? = 24,31, df = 6 (P = 0.0005); I = 75% 35

-20 -10 10
Test for overall effect: Z = 1.20 Favours Non-pharmacc‘oglca\ lechmques Favours Standard sedation

qsl for subgroup differences: éhl‘ =0.05,df = 1 (P=0.83), I =0%

iques Standard sedation Mean Difference an Difference
udy or Subgroup_Mean Difference & Total Total Weight IV, Random, 95% ClYear IV, andom, S35 CI
7.1.1 Virtual Reality
Cakir 2023 [20] 1.7 06791 30 30 290%  1.70[0.37,3.03] 2021 —
Subtotal (95% CI) 30 30 29.0% 1.70[0.37,3.03] =T
Heterogeneity: Not applicable
Test for overall effect: Z = 2.50 (P = 0.01)
7.1.2 Music
Celebi 2020 [16] 0 07057 56 56 27.9% 0,00[-1.38, 1.38] 200 —
Cakir 2023 [20] 06 (6843 30 30 28.8% .0.60([-1.94,0.74] 2021 — e —
Brix 2022 [18] 0 14327 169 168 105% 0,00[-2.81,2.81] 2022 —1
Sun 2022 [19] 0 25219 12 104 3.8% 0,00 [-4.94, 4.94] 2022
Subtotal (95% CI) 367 358 71.0% -0.27 [1.16, 0.63]
Heterogeneity Tau? = 0.00; Chi* = 0.43, df = 3 (P = 0.93); ' = 0%
Test for overall effect: Z = 0.59 (P = 0.56)
Total (95% CI) 397 388 100.0% 032 [-0.68, -1.32]
Heterogeneity: Tau? = 0.44; Chi’ = 6.20, df = 4 (P = 0.18); I = 36% = +

0
Test for overall effect: Z = 0.63 (P = 0.53, Favours Non-pharmacological techniques Favours Standard sedation

[t for subaroup differences: Chi* = 5.78, f = 1 (P = 0.02), = 82.7%
N i

iques Standard sedation  Mean Difference Mean Difference
Study or Subgroup Mean Difference  SE Total Total Weight IV, Random, 95% ClYear IV, Random, 95% CI
8.1.1 Virtual Reality
Cakir 2023 [20] 2.86 4.2642 30 R 1326 28008801128 2021 -
Stibtotal (s% ]CI 30 30 13.2% z.ssfsso, ——
Heterogeneity: ) apglicable
Test for overall effect: Z = 0.67 (P = 0.50)
usic
19181 212 3217 40 40
Celebi 2020 (16] -3 30052 56 26 —_——
Cakir 2023 [20] 2.46 45581 30 30 ——
Brix 2022 [18] -4 14486 160 168 —=
Bt 20ou [ i35 %5 55 % e
irani -15.
Subtotal (9! 462 453 -
Heterogeneity Tau? = 49.91; Chi = 45.17, df = 5 (P = 0.00001); I = 89%
Test for overall effect: Z = 1:40 (P = 0.16)
Total (95% c1) 492 483 100.0%  -3.52[9.49, 2.45] -
Heterogeneiy: Tau® = 51.93; Chi2 = 51.43, df = 6 (P = 0.00001); I = 88% 20 o 10 20
Testforoverall effect, 2 =116 (P
Test for subgroup differences: Chiz = 1.91, df = 1 (P = 0.17), I = 47.5% Favours Non-pharmacological techniques  Favours Standard sedation

Supplementary Figure 2 Forrest plot for studies assessing the effect of non-pharmacological techniques complementary to sedation administration
on reported (A) dose of sedatives (midazolam); (B) dose of analgesics; (C) systolic pressure (mmHg); (D) oxygen saturation (%); (E) heart rate
(beats per minute)

CI, confidence interval



Supplementary Table 1 PRISMA guidelines checklist

Section/topic # Checklist item Reported on
page #
TITLE
Title 1 Identify the report as a systematic review, meta-analysis, or both. 1
ABSTRACT
Structured 2 Provide a structured summary including, as applicable: background; objectives; data sources; 3-4
summary study eligibility criteria, participants, and interventions; study appraisal and synthesis methods; CRD420250650749
results; limitations; conclusions and implications of key findings; systematic review registration
number.
INTRODUCTION
Rationale 3 Describe the rationale for the review in the context of what is already known. 5
Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, 5
interventions, comparisons, outcomes, and study design (PICOS).
METHODS
Protocol and 5  Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if NA
registration available, provide registration information including registration number.
Eligibility 6  Specify study characteristics (e.g., PICOS, length of follow up) and report characteristics (e.g., 6
criteria years considered, language, publication status) used as criteria for eligibility, giving rationale.
Information 7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors 6-7
sources to identify additional studies) in the search and date last searched.
Search 8 Present full electronic search strategy for at least 1 database, including any limits used, such that it 6-7,
could be repeated.
Study 9  State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, 7
selection if applicable, included in the meta-analysis).
Data 10  Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) 7
collection and any processes for obtaining and confirming data from investigators.
process
Data items 11  List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 7
assumptions and simplifications made.
Risk of bias 12 Describe methods used for assessing risk of bias of individual studies (including specification of 8
in individual whether this was done at the study or outcome level), and how this information is to be used in
studies any data synthesis.
Summary 13 State the principal summary measures (e.g., risk ratio, difference in means). 8
measures
Synthesis of 14  Describe the methods of handling data and combining results of studies, if done, including 8-9
results measures of consistency (e.g., I”) for each meta-analysis.
Risk of bias 15  Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication 8
across studies bias, selective reporting within studies).
Additional 16  Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), 9
analyses if done, indicating which were pre-specified.
RESULTS
Study 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons 10
selection for exclusions at each stage, ideally with a flow diagram.
Study 18  For each study, present characteristics for which data were extracted (e.g., study size, PICOS, 10, Table 1
characteristics follow up period) and provide the citations.
Risk of bias 19  Present data on risk of bias of each study and, if available, any outcome 11 Figure 2
within studies level assessment (see item 12).
Results of 20  For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data 10-14
individual for each intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.
studies

(Contd...)



Supplementary Table 1 (Continued)

Section/topic # Checklist item Reported on
page #
Synthesis of 21  Present results of each meta-analysis done, including confidence intervals and measures of 11-14
results consistency.
Risk of bias 22 Present results of any assessment of risk of bias across studies (see Item 15). 11 Figure 2
across studies
Additional 23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression 12-13
analysis [see Item 16]).
DISCUSSION

Summary of 24  Summarize the main findings including the strength of evidence for each main outcome; consider 15-16
evidence their relevance to key groups (e.g., healthcare providers, users, and policy makers).
Limitations 25  Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 18

incomplete retrieval of identified research, reporting bias).
Conclusions 26  Provide a general interpretation of the results in the context of other evidence, and implications 17

for future research.

FUNDING

Funding 27  Describe sources of funding for the systematic review and other support (e.g., supply of data); role 18

of funders for the systematic review.
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