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Abstract. Audio-visual (AV) or music distraction may be
used to reduce pain during several healthcare procedures. The
present manuscript is a systematic review and meta-analysis
to assess the effectiveness of media distraction in reducing
pain and anxiety in extracorporeal shock wave lithotripsy
(ESWL) patients. The PubMed, Embase, Scopus, BioMed
Central, Ovoid and CENTRAL (Cochrane Central Register
of Controlled Trials) databases were screened for studies
assessing the role of media distraction (music/AV media)
in reducing pain and anxiety of ESWL patients. Data were
summarized using the mean difference (MD) with 95%
confidence intervals (CI). A total of 11 randomized controlled
trials were included. Pooled analysis indicated a statistically
significant difference in pain outcomes with media distraction
[mean difference (MD): -1.18; 95% CI: -2.35,-0.01; I>’=96.8%)].
Subgroup analysis indicated that both AV media (MD: -2.94;
95% CI: -4.70, -1.17; 1>=79.2%) and music (MD: -0.86; 95% CI:
-1.37, -0.35; 1°=62.5%), led to significant reduction in pain
outcomes. Pooled analysis indicated a statistically significant
reduction of anxiety scores with the use of media distraction
(MD: -391; 95% CI: -6.44, -1.38; 1’=77.7%). To conclude, the
present review suggests that media distraction in the form of
AV media or music may be beneficial in reducing the pain and
anxiety of patients undergoing ESWL. Evidence is, however,
weak considering the small effect size, confidence intervals
being close to zero, and instability of the results on sensitivity
analysis. In clinical practice, media distraction may be used
during ESWL as a nursing intervention, but a clinically impor-
tant reduction of pain and anxiety may not be expected.

Correspondence to: Mr. Xu Lu, Department of Laboratory, Hunan
Provincial People's Hospital, The First Affiliated Hospital of Hunan
Normal University, Room 202, East Building 15-Lugiao Group,
Shaoshan South Road, Yuhua, Changsha, Hunan 410000, P.R. China
E-mail: luxusky@126.com

Key words: music, audiovisual, distraction, complementary therapy,
analgesia, urology, renal stones

Introduction

Urinary stones are a significant health problem affecting
~12% of the population in North America, 5-9% in Europe
and 1-5% in Asia (1). Analysis of global trends indicates that
due to climate change, obesity and dietary modifications,
the worldwide prevalence of urinary stones is gradually
increasing (2). Since the 1980s, extracorporeal shock wave
lithotripsy (ESWL) has been widely used in the manage-
ment of urinary tract calculi, due to its high efficacy and
low morbidity (3). After the manufacture of the first ESWL
device in 1984, several modifications have made subsequent
devices smaller and less powerful, allowing the management
of urinary stones without the use of anesthetic (4,5). Despite
technological development, ~30% of patients still complain
of severe pain (6). Pain during ESWL can affect the patients'
tolerance of the procedure as well as the effectiveness of
treatment (7). Clinicians have reportedly used a number
of pain control agents, including opioids, non-steroidal
anti-inflammatory drugs (NSAIDs), nitrous oxide, local
anesthetic infiltration and dermal anesthetics such as Emla,
to manage the analgesic requirements of ESWL (6).

Nursing personnel play an important role in patient prepa-
ration and management of the patients' pain and anxiety (8).
They are not only responsible for prescription drug adminis-
tration but can also support pain management by a variety of
complementary therapies (9,10). In the world of modern media,
audio-visual (AV) or music distraction has been successfully
used to reduce procedural pain for many non-urological proce-
dures (11-14). Considering the widespread use of the ESWL
procedure, a number of researchers have also studied the effi-
cacy of such media distraction techniques for pain management
in urinary stone patients (15,16). A recent meta-analysis from
Kyriakides et al (15) evaluated the role of music in reducing
pain in patients undergoing urological procedures. Their study,
updated to 2017, included only six trials on patients undergoing
ESWL. Their review was focused on only music therapy and
did not present results of studies only on ESWL. Considering
this lacuna in the literature, the purpose of the present study
was to conduct a systematic review and meta-analysis to assess
the effectiveness of any media distraction in reducing pain and
anxiety of ESWL patients.
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Materials and methods

Inclusion criteria. The Preferred Reporting Items for
Systematic Reviews and Meta-analyses (PRISMA) guide-
lines (17) and guidelines from the Cochrane collaboration (18)
were followed during the conduct of this systematic review.
The Population, Intervention, Comparison, Outcome and
Study design (PICOS) model was used to select studies for
inclusion in the review (17). Studies conducted on patients
undergoing ESWL (population) were considered for inclu-
sion. All randomized controlled trials (RCTs) comparing any
type of media distraction (music/AV media) used during the
ESWL procedure (intervention), with control (comparison)
and measuring pain and/or anxiety (outcomes) were included.
Studies were included irrespective of sample size and
language of publication. The following studies were excluded:
i) Studies utilizing a combination of music/AV media with
any other complementary therapy, including relaxation
therapy, acupuncture and guided imagery, in the study group;
ii) studies utilizing music/AV media for any procedures other
than ESWL,; iii) studies not reporting pain and/or anxiety as
an outcome measure; iv) non-RCTs; v) studies not comparing
music/AV media with a control and vi) review articles, cases
series and case reports. In the case of duplication of data, the
most updated version of the study was to be included.

Search strategy. An electronic search was performed inde-
pendently by two reviewers. The PubMed, Embase, Scopus,
BioMed Central, Ovoid, and Cochrane Central Register of
Controlled Trials (CENTRAL) databases were screened up to
15th February 2020. Both MeSH terms and free-text keywords
were utilized for searching relevant articles. Search terms and
search strategy along with the results of the PubMed database
are presented in Table SI. The reviewers screened the search
results initially by their titles and abstracts for every database.
After identifying potentially pertinent articles, full texts of the
articles were sourced. Both the reviewers assessed individual
articles based on the inclusion and exclusion criteria. Any
disagreements were resolved by discussion. Post-screening, the
bibliography of included studies, as well as review articles on
the subject, were hand searched for any additional references.

Data extraction and risk of bias assessment. The two reviewers
independently extracted data from the included studies. Data
regarding authors, publication year, study type, inclusion/exclu-
sion criteria, sample size, demographic details, types of AV
media, number of shock waves, ESWL power settings, use of
analgesics and study outcomes were extracted. The authors
were contacted by e-mail for any missing data. The primary
outcome of the analysis was pain scores recorded after the
ESWL procedure using the visual analog scale (VAS). The
secondary outcome of interest was anxiety measured by the
State and Trait Anxiety Inventory-State Anxiety (STAI-SA)
test (19).

The Cochrane Collaboration risk assessment tool was
used to assess the quality of included studies (18). Studies
were assessed by two reviewers independently for: Random
sequence generation, allocation concealment, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and other bias.

Statistical analysis. The software ‘Open MetaAnalyst (Version
10.10)* was used for the meta-analysis (20). A meta-analysis
was conducted only if at least three studies reported data on
the same outcome variable. Predicting heterogeneity in the
included studies, a random-effects model was used to calcu-
late the pooled effect size for all analyses. Heterogeneity was
assessed using the I? statistic. I values of 25-50% represented
low, values of 50-75% medium and >75% represented substan-
tial heterogeneity. Continuous data were summarized using
the mean difference (MD) with 95% confidence intervals (CI).
Sub-group analysis was performed for the use of music or
AV media and the use of noise-canceling headphones for the
primary outcome. For studies not reporting mean and standard
deviation scores of outcome variables, the same was calculated
from median and interquartile range using methods reported
by Wan et al (21). A sensitivity analysis was carried out to
assess the influence of each study on the pooled effect size.
In this analysis, data from the various included studies were
excluded one at a time and the effect size was recalculated.
Due to the inclusion of fewer than 10 studies in the review,
funnel plots were not used to assess publication bias (18).

Results

Study characteristics. A total of 438 unique records were
screened and 13 articles were selected for full-text review
(Fig. 1). Finally, 11 articles were included in this systematic
review and meta-analysis (22-32). Details of the included
studies are presented in Table I. Amongst all RCTs, only one
was a cross-over trial (27). The sample size per arm in the
included studies varied from 21-200 patients. In the study of
Karalar er al (28), the study sample was further subdivided
into two groups, based on the use of noise cancellation head-
phones. Details of these sub-groups were pooled separately.
El-Khoury et al (32) conducted a three-arm trial comparing
AV media and music with control. The data of these study
groups were pooled separately for the meta-analysis.
Cift and Benlioglu (24) in a five-arm study, compared three
different types of music with two control groups of which one
was provided with headphones while the other was not. The
results of the study and control groups were pooled using a
random-effects meta-analysis model into a single group (18).
While different types of music were used in the included
studies, two studies used AV media during ESWL. In the study
of Marsdin et al (22), patients were provided with DVDs and
television sets, while in the trial of EI-Khoury ef al (32) an iPad
with music videos was used. Media distraction was delivered
via headphones in all trials. A total of three studies reported
the use of noise-cancellation headphones (28,30,32). In studies
reporting adequate data, there was no statistically significant
difference in the number of shock waves and the power
setting of ESWL between the study and control groups. Seven
studies reported the use of analgesic/anxiolytics during the
trial (22,23,25,26,28,30,32). In the trial of Yilmaz er al (26),
midazolam was used only in the control group whereas in all
remaining studies drugs were not restricted to any specific
group.

The authors' assessment of the quality of included studies
is presented in Table II. Appropriate methods of randomiza-
tion were not used in majority studies. Due to the nature of
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Figure 1. Study flow-chart.

the intervention, blinding of patients was not possible. The
use of analgesics, which could have introduced bias in pain
outcomes, was taken into consideration for ‘other bias’.

Outcomes. A total of nine studies reported pain outcomes on
the VAS scale (22-24,26,28-32). Pooled analysis indicated a
statistically significant difference in pain outcomes in favor of
media distraction (MD: -1.18; 95% CI: -2.35, -0.01; 1’°=96.8%:;
Fig. 2). On subgroup analysis based on the type of media
distraction, the use of both, AV media (MD: -2.94; 95% CI.:
-4.70, -1.17; I>=79.2%) and music (MD: -0.86; 95% CI: -1.37,
-0.35; 1°=62.5%), was indicated to lead to a significant reduc-
tion in pain outcomes (Fig. 2). Results were, however, not
stable on sensitivity analysis. On the exclusion of the studies of
Karalar ez al (28) and El-Khoury et al (32), no significant effect
of media distraction on pain outcomes was identified (Fig. 3).
Data from study groups using noise-cancellation headphones
were pooled separately in a sub-group analysis. The results
indicated that there was a statistically significant reduction
in pain scores with the use of noise-cancellation headphones
(MD: -1.20; 95% CI: -2.17, -0.23; I°=69.8) but no such effect

was seen with regular headphones (MD: -1.13; 95% CI: -2.66,
0.40; 1’=97.2%) (Fig. 4).

There were two studies that did not report pain outcomes as
mean =+ standard deviation. E-mail to the corresponding author
for these missing data did not elicit a response. In the trial of
Cepeda et al (25), alfentanil consumption was compared in the
study and control groups. The authors reported no statistically
significant difference in analgesic use and pain intensity during
ESWL in the two groups. Akbas et al (27), on the other hand, in
across-over RCT, reported a statistically significant reduction of
pain with the use of music after both treatment sessions.

Anxiety outcomes using STAI-SA were reported by five
studies (24,26,28,29,31). All studies had used only music in
the study groups. Pooled analysis indicated a statistically
significant reduction of anxiety scores with the use of media
distraction (MD: -3.91; 95% CI: -6.44, -1.38; 1°=77.7%; Fig. 5).
The results were stable on sensitivity analysis as there was no
change in significance of the results on exclusion of one study
at a time (Fig. 6). Exclusion of the study of Yilmaz er al (26)
used midazolam in the control group and the ‘noise cancella-
tion headphone’ group of Karalar ez al (28) did not change the
significance of results. Ordaz Jurado et al (30) compared anxiety
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Table II. Risk of bias in included studies.

Selective

Incomplete
outcome data

Blinding of
outcome assessment

Blinding of
participants and personnel

Allocation

Random sequence

Other bias

reporting

concealment

generation

Study

Unclear risk Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk

Cepeda et al (25)
Koch et al (23)

Unclear risk
High risk

Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk

Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk

Yilmaz et al (26)
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Unclear risk Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk

Marsdin et al (22)

Low risk

Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk
High risk

Akbas et al (27)

Unclear risk Unclear risk

Low risk

High risk

High risk

Unclear risk

Karalar et al (28)

Low risk

Unclear risk

High risk High risk Low risk

Unclear risk

Unclear risk

Cakmak et al (29)

Unclear risk Unclear risk

Low risk

Low risk

High risk

Low risk Unclear risk

Jurado et al (30)

Low risk

Low risk

Low risk

High risk

High risk

Low risk Unclear risk

Gezginci et al (31)

Unclear risk Unclear risk

Low risk

High risk

High risk

Low risk Unclear risk

El-Khoury et al (32)

Cift et al (24)

Low risk

Unclear risk

Low risk

High risk Low risk

Low risk

Low risk

in the two groups using a 10-point VAS scale and reported no
statistically significant difference between the two groups.

Discussion

After a comprehensive review of the literature, the results of
the present study indicated that media distraction in the form
of AV media or music may lead to a statistically significant
reduction of pain and anxiety in patients undergoing ESWL.
Data from a limited number of studies also indicate that the
use of noise-canceling headphones may lead to a significant
reduction in pain and that such an effect may not be seen with
regular headphones.

Several non-pharmacological methods of pain manage-
ment, including massage, relaxation therapy, acupuncture,
hypnosis, aromatherapy, music and AV distraction, have been
used for a variety of healthcare-procedures worldwide (33,34).
Music interventions for pain management can be in the
form of music therapy, where a trained professional selects
tempo-controlled melodies to have a calming effect, or in the
form of random music listening which acts as a distraction tool
similar to AV aids (35,36). Owing to its ease of application, a
number of studies have assessed the efficacy of such music
and/or AV distraction for different medical and surgical proce-
dures. In a recent systematic review and meta-analysis of nine
RCTs, Song et al (11) have demonstrated significantly reduced
pain and anxiety with the use of music in patients undergoing
biopsy. Another RCT has demonstrated that listening to music
during labor significantly reduces pain and anxiety of mothers
during all stages of labor (37). Similarly, AV aids are effective
to reduce pain in patients with sickle cell disease (38), those
undergoing colonoscopy (12), as well as those undergoing
minor surgeries (39).

The application of media distraction, specifically music,
during urological procedures has been evaluated by several
trials with conflicting results. Chang et al (40) in a pilot RCT
found music to be effective in reducing pain, discomfort, and
dissatisfaction in patients undergoing transrectal ultrasound
(TRUS)-guided prostate biopsy, however, no such effect was
noted in a similar trial by Packiam et al (41). Music has also
been used to reduce patient-reported pain and anxiety for other
urological procedures, including percutaneous nephrostomy
tube placement and urodynamic studies (42,43). As different
urological procedures entail different degrees of pain, the
current review was focused solely on ESWL to ensure reduced
bias owing to non-homogenous procedures. Pain during
ESWL can be attributed to several reasons, including trauma
caused by shock waves passing through skin and muscles,
stretching of the renal capsule where therapy is delivered, or
due to an increase in the internal pressure of the kidney (7).
Many factors can influence the degree of pain, including the
dimensions and position of the urinary stone, frequency of
shock waves, power settings, sex and the pain threshold of
the patient and use of pre-procedural analgesic (44). As all
included studies were RCTs, it is hypothesized that the effect
of such baseline variables on outcomes is negated.

The results of the present analysis indicate that media
distraction may significantly reduce pain and anxiety scores
in patients undergoing ESWL. Similar results were obtained
by Kyriakides et al (15) in their meta-analysis of the role
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Studies Estimate (95% C.I.)
Koch 1998 0.00 (-1.20, 1.20)
Yilmaz 2003 0.00 (-1.60, 1.60)
Karalar 2016 -1.50 (-2.11, -0.89)
Karalkar 2016* -0.60 (-1.27, 0.07)
Cakmak -0.90 (-1.62, -0.18)
Jurado 2017 0.10 (-0.83, 1.03)
Gezginci 2018 -0.42 (-1.58, 0.73)
El-Khoury 2019* -1.93 (-3.36, -0.50)
Cift 2020 -2.02 (-2.88, -1.16)
Subgroup Music (12 =6259 % , P=0.01) -0.86 (-1.37, -0.35)
Marsdin 2012 =367 (—3.78; =3.56)
El-Khoury 2019 -1.83 (-3.47, -0.19)
Subgroup Audio-visual (12 =7928 % , P=0.03) -2.94 (-4.70, -1.17)
Overall (12 =9687 % , P=0.00) -1.18 (-2.35, -0.01)
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Figure 2. Forest plot of studies comparing media distraction vs. control for the outcome pain with sub-group analysis based on the type of media distraction
(audiovisual or music). “Indicates different sub-group from the same study.
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Figure 3. Sensitivity analysis of pain outcome presenting the resultant effect size after exclusion of one study at a time. Black squares in front of each study
indicate the effect size and horizontal lines indicate the 95% confidence intervals, after exclusion of that study from the analysis. “Indicates different sub-group

from the same study.

of music in reducing pain and anxiety for any urological
procedure. Compared to the present review, they focused
only on music and were able to include only six studies for
ESWL. The present results also concur with a very recent
systematic review of Saraogi et al (45), which indicates that
complementary medicine strategies including music, acupres-
sure, acupuncture, transcutaneous electrical nerve stimulation
and audiovisual distractions can reduce pain and anxiety in
patients undergoing ESWL.

In a sub-group analysis based on the type of media, both
AV-media and music were found to significantly reduce pain.
However, results should be interpreted with caution, as only two
studies were available for the sub-group analysis of AV media.
Also, relevant data on anxiety were reported by only five studies.
While assessing the results of patient-reported outcomes, it is

important to bear in mind the concept of minimal clinically
important difference (MCID). The MCID is defined as the
smallest change in a measurement that signifies an important
improvement in a symptom (46). Data from non-urological
studies indicates that the MCID for the VAS scale is 1.4 while
for STAI-SA is 10 (47,48). The pooled MD of VAS scores of all
studies in the present analysis was -1.18 (95% CI: -2.35, -0.01),
for studies on music was -0.86 (95% CI: -1.37, -0.35) and for
STAI-SA scores was -3.91 (95% CI: -6.44, -1.38). Interpreted
in the context of the reported MCID, it can be noted that the
effect size of the intervention was small and the upper limits of
95% CI were close to zero for both pain and anxiety outcomes.
This can have important clinical implications as, even though
studies suggest a significant difference in pain and anxiety
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Studies Estimate (95% C.I.)
Koch 1998 0.00 (-1.20, 1.20)
Yilmaz 2003 0.00 (-1.60, 1.60)
Marsdin 2012 -3.67 (-3.78, —3.56)
Karalkar 2016* -0.60 (-1.27, 0.07)
Cakmak 2017 -0.90 (-1.62, -0.18)
Gezginci 2018 -0.42 (-1.58, 0.73)
Cift 2020 -2.02 (-2.88, -1.16)
Subgroup No-NCH (12 =9729 %, P=0.00) -1.13 (-2.66, 0.40)
Karalar 2016 -1.50 (-2.11, -0.89)
Jurado 2017 0.10 (-0.83, 1.03)
El-Khoury 2019 -1.83 (-3.47, -0.19)
El-Khoury 2019* -1.93 (-3.36, -0.50)
Subgroup NCH (12 =6989 % , P=0.02) -1.20 (-2.17, -0.23)

Overall (I =9687 %, P=0.00) -1.18 (-2.35, -0.01)
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Figure 4. Forest plot of studies comparing media distraction vs. control for the outcome pain with sub-group analysis based on the use of noise-cancelling

headphones (NCH). “Indicates different sub-group from the same study.
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Figure 5. Forest plot of studies comparing media distraction vs. control for the outcome anxiety.
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Figure 6. Sensitivity analysis of anxiety outcome presenting the resultant effect size after exclusion of one study at a time. Indicates different sub-group from

the same study.

outcomes with media distraction, the resultant effect may not
produce a clinically significant improvement in symptoms.

In another sub-group analysis, the present results indicated
a significant reduction in pain scores with the use of noise
cancellation headphones, but no such effect was noted with

regular headphones. Since ESWL is a noisy procedure, the
continuous unpleasant sound of shockwaves may affect patient
comfort and anxiety (28). Therefore, active noise control
employed by such noise-cancellation headphones may lend a
more comfortable environment for ESWL thereby influencing
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pain outcomes. However, since only three studies utilized this
technology, results should be interpreted with caution.

The limitations of the present review should be mentioned.
Firstly, the quality of the included studies in the present
review was not high. The absence of adequate methods of
randomization and lack of blinding, due to the nature of the
intervention, may have influenced outcomes. Secondly, there
were methodological variations amongst included studies
for the type of music/AV media, choice of music, use of
pre-procedural analgesics and patient-controlled analgesia.
This may have contributed to the high heterogeneity in the
present meta-analyses. Thirdly, data from two studies were
not available for the primary outcome and only five studies
were pooled for the secondary outcome, which has limited the
power of the present analyses. Further, all studies assessing the
role of media distraction on anxiety utilized only music as the
intervention. The role of AV media on anxiety scores could not
be assesses. Fourthly, due to a limited number of studies in the
analysis and limitations of the meta-analysis software, publi-
cation bias could not be assessed in the present review. Lastly,
the results for pain were not stable on sensitivity analysis, as
the exclusion of two studies resulted in non-significant results.

The present study has its strengths in being the first
meta-analysis focused on the role of media distraction during
ESWL. Only RCTs were analyzed to provide level-1 evidence.
Sensitivity and subgroup analysis were performed to assess the
influence of each study on the effect size and to account for
inter-study variations.

To conclude, the present study indicates that media distrac-
tion in the form of AV media or music may be beneficial in
reducing the pain and anxiety of patients undergoing ESWL.
The use of noise-canceling headphones to deliver the interven-
tion may have some benefit over regular headphones. Evidence
is, however, weak considering the small effect size, confidence
intervals being close to zero and instability of the results on
sensitivity analysis. In clinical practice, media distraction
may be used during ESWL as a nursing intervention, but a
clinically important reduction of pain and anxiety may not be
expected.
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