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We performed a systematic review to look at the role of alternative or complementary medicine such as music, acupres-
sure, acupuncture, transcutaneous electrical nerve stimulation (TENS) and audiovisual distractions to decrease analgesia
requirement and alleviate anxiety during SWL. Twenty-three papers(2439 participants) were included: Music
(n = 1056.6%), Acupuncture (n = 517.7%), Acupressure (n = 13.8%), TENS (n = 617.2%), and audiovisual distraction
(n = 14.6%). Most of the studies showed that complementary therapy, lowered pain, and anxiety with higher patient sat-
isfaction and willingness to undergo the procedure. With its feasibility and convenience, urological guidelines need to
endorse it, and more should be done to promote its use in outpatient urological procedures. UROLOGY 145: 38−51,
2020. © 2020 Elsevier Inc.
Shockwave lithotripsy (SWL) is a popular urological
procedure that is used to treat kidney and ureteric
stones.1,2 It has the advantage of being minimally

invasive, usually without the need for general anesthesia.
However, it can lead to significant pain and anxiety dur-
ing the procedure.2 The success of SWL is linked to the
operator, type of lithotripter, patient anatomy, stone
parameters, and patient compliance with the procedure. If
noncompliant during SWL from voluntary or involuntary
movement, the stone cannot be targeted, leading to a
decrease in SWL success.3
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There have been several developments to the lithotrip-
ter models in order to optimize patient comfort, reduce
pain and anxiety, ameliorate patient outcome, and limit
the amount of analgesia. Nevertheless, it is reported that
up to 95% of patients undergoing SWL experience pain.4

This might also lead to limiting the power levels used on
SWL, thereby decreasing its success rate. Analgesics are
the first-line treatment used to minimise pain. However,
their use has underlying issues ranging from adverse drug
reactions to addiction which is an increasing problem.5

This raises the importance of deterring from traditional
methods to reduce pain.

Alternative or complementary medicine such as music,
acupressure, acupuncture, transcutaneous electrical nerve
stimulation (TENS), and audiovisual distractions are non-
pharmacologic alternatives that can be used to decrease
analgesia requirement and alleviate anxiety thereby
increasing the success of SWL.6,7 While an increasing
number of original studies have been reported on the use
of these strategies, a formal review is still underreported.
We aimed to conduct a systematic review of literature to
assess the effect of complimentary therapies in SWL for
kidney stone disease (KSD), and if this reduced the use of
analgesics and anxiolytics. Our secondary aim was to look
at stone free rates (SFR) and patient satisfaction.
© 2020 Elsevier Inc.
All rights reserved.
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METHODS

Study Population
Population: Adults with KSD undergoing SWL
Intervention: Music, Acupressure, Acupuncture, and TENS
Comparator: None
Outcome: Results (analgesia, anxiety, SFR) of management
Study design: Systematic review

Inclusion Criteria

1. Randomized control trials (RCTs) and prospective studies in
English language reporting on adults with KSD undergoing

SWL.

2. Patients undergoing outpatient urologic procedures using
music, acupressure, acupuncture, TENS, or audiovisual dis-
traction.

Exclusion Criteria

1. Non-English language articles.
2. Review articles, case reports or animal studies.

3. Grey literature and decision analysis models which did not

have real patient data.
4. Studies where outcome of interest were not presented.

Search Strategy and Selection Criteria
We performed our systematic review as per the Cochrane guide-
lines and Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) checklist.8 The databases searched
included MEDLINE, Scopus, Cumulative Index to Nursing and
Allied Health Literature (CINAHL), Clinicaltrials.gov, Excerpta
Medica Database (EMBASE), Cochrane library, Google Scholar,
and Web of Science with references cross-checked, and individual
urology journals also hand searched. The search terms included but
were not limited to “lithotripsy,” “SWL,” “ESWL,” “Shockwave
lithotripsy,” “stones,” “calculi,” “urolithiasis,” “nephrolithiasis,”
“kidney stones,” “ureteral stones,” “music,” “sound,” “complemen-
tary therapy,” “complementary medicine,” ‘outpatient,’, “acupres-
sure,” “acupuncture,” and “TENS.” Boolean operators (AND, OR)
were used. The research was limited to English-language articles
from inception to March 2020.

All original studies were included. When there was more than
one article from the same authors, the study with the longest fol-
low-up was included. Two experienced reviewers (M.S. and S.
R.) not involved in the original work independently identified
all the studies that appeared to fit the inclusion criteria, which
were then included for a full review. Each reviewer indepen-
dently selected studies for inclusion in the review and all discrep-
ancies were resolved with mutual agreement and consensus with
the senior author (B.K.S.).

Data Extraction and Analysis
The primary outcome measures were pain (measured using visual
analogue scale, VAS) and anxiety (using State-trait Anxiety
Inventory, STAI). The secondary outcome measures were com-
pliance, satisfaction and overall SFR. Information was also col-
lected on study design, patient and stone demographics, journal
published, year of publication, country of study, type of comple-
mentary therapy, music genre and delivery method, shock-wave
treatment protocol used (including number and/or voltage of
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shocks and duration of therapy in minutes), analgesia used,
stone-free rate, pain and/or anxiety scores, and side effects and/
or adverse effects of treatment and effects on vital parameters
such as blood pressure and heart rate.

Data were collected using Microsoft Excel 2019 (version
19.0). For the meta-analysis mean +/�SD VAS and STAI scores
were extracted from the included studies. Statistical analysis and
forest plot generation was performed using metafor package in R
(R foundation for statistical computing, Vienna, Austria).9 Sta-
tistical heterogeneity was tested for using I2, Tau2 and
Cochran’s Q. P values <.05 were considered statistically signifi-
cant, I2 values were interpreted according to chapter 9.5.2 of
the Cochrane Handbook. Publication bias was assessed with
Egger’s regression and “trim and fill” analyses, where appropriate.
This was only available for “Music” as there was too little data
on other modalities.
RESULTS

Literature Search
Of the 353 records identified with database searching, 43 poten-
tial articles were identified of which 23 were included in the final
review (Fig. 1). Included were 10 articles on music,10-19 5 on
acupuncture,20-24 1 on acupressure,25 6 on TENS,26-31 and 1 on
audiovisual distraction and SWL32 (Table 1).

Study Characteristics
This systematic review covers 23 studies published between 1988
and 2020. Additionally, 47.8% of these papers were published
after 2012, indicative of a growing interest in the area of comple-
mentary medicine and SWL.

Of the total 2439 individuals recorded across all the stud-
ies for SWL,10-32 1325 (54.3%) were exposed to a comple-
mentary therapy. Of the complementary therapies offered,
750 (56.6%) belong to music,10-19 235 (17.7%) belong to
acupuncture,20-24 50 (3.8%) belong to acupressure,25 229
(17.2%) belong to TENS26-31 and 61 (4.6%) belonged to
audiovisual distraction32 (Table 2, Supplementary table 1).
The patient number in the studies ranged from 26 to 400,
and the patients age ranged from 15 to 90 years. No signifi-
cant difference was reported for the location of the stone in
the studies.

Effect of Music
There were 10 studies that reported on Music and SWL, which
were all RCTs in design.10-19 They reported a total of 1483
patients out of which 750 (50.5%) were exposed to music. The
age of the patients ranged from 15 to 80 years. While both VAS
to measure pain and STAI or VAS to measure anxiety were
reported in 7 studies,11-15,17,18 VAS alone was reported by 1
study,10 with 2 studies not reporting on either.16, 19

Four studies reported a decrease in analgesia or opiate use dur-
ing SWL.10-12,19 Six studies reported a lowered pain and/or anxi-
ety score,12,13-15,17,19 however, 3 studies reported no significant
change in pain and/or anxiety before and after the use of
music.10,11,16 One study reported no statistical difference in pain
score but reported a lowered anxiety score.18 Out of the 4 studies
reporting changes in systemic parameters,11,13,14,16 2 reported a
decrease in blood pressure and heart rate,13,14 but 2 reported no
significant change in blood pressure and heart rate.11,16 Using
music, willingness to repeat procedure was significantly higher in
3 studies13,15,18 and satisfaction was significantly higher in 6
39



Figure 1. PRISMA flowchart of the included studies. (Color version available online.)
studies.10,12,13,15,16,18 SWL procedural duration was significantly
shorter in 2 of the studies.12,13 One study showed that music
with noise cancelling headphones led to the use of higher SWL
power and number of shocks delivered compared to controls.14
Effect of Acupuncture
There were 5 studies that reported the use of acupuncture with
SWL.20-24 They reported on a total of 355 patients of which 235
(69.1%) underwent acupuncture. Out of these, 2 included elec-
troacupuncture only,20,22 1 included Sham acupuncture and
electroacupuncture,24 1 included Sham acupuncture, electroacu-
puncture and auricular acupunture,23 and 1 study21 did not spec-
ify the type of acupuncture used. The age of the patients ranged
from 18 to 70 years. VAS was reported in 3 studies21, 22, 24 and
both VAS and STAI was reported in 1 study,23 with one study
not reporting either.20

Two studies reported a decrease in analgesia or opiate use dur-
ing SWL.23,24 Four studies reported a statistically significant low-
ered pain and/or anxiety score,20,21,23,24 however, 1 study
reported a lower VAS score which was not significant.22 Two
studies reported changes blood pressure and heart rate.21,22 High
willingness to repeat the procedure was reported in 1 study21 and
satisfaction was significantly high in 2 other studies.21,24 Only 1
study reported no difference in patient satisfaction.23 The SWL
procedure duration was not statistically significant the 3 stud-
ies.22-24 Additionally, a shorter recovery time was reported in 3
studies.20,22,24 Higher SFR were reported by one study.22
Effect of Acupressure
Only 1 RCT was reported for the use of auricular acupressure
and SWL.25 The study reported on 100 patients, out of which
50 patients underwent acupressure at the relaxation point and
50 patients underwent acupressure at the sham point. The age of
patients ranged from 65 to 90 years. Pain scores were measured
40
by the VAS. The study reported a decrease in the anticipation
of pain before the surgery and there were no significant changes
to blood pressure or heart rate after acupressure.
Effect of TENS
There were 6 studies reporting on the use of TENS and SWL.26-31

These reported a total of 383 patients, out of which 229 (59.7%)
underwent TENS. The age of the patients ranged from 16 to
82 years. VAS was reported in 3 studies,27,28,31 VAS and STAI in
1 study,30 while 1 study26 did not mention either, and 1 study29

focused on analgesia use.
A decrease in analgesia or opiate use during SWL was

reported in 3 studies28,30,31 and 2 studies reported no additional
analgesia or opioid use.27,29 Three studies reported a significantly
lowered pain and/or anxiety score,27,28,30 however, 1 reported a
higher STAI score.30 No studies reported changes to blood pres-
sure and heart rate after TENS. High satisfaction was reported in
1 study.28 Procedural duration was longer in one study,30 and
showed no difference in another study.31 Shorter recovery time
was reported in 1 study,31 and one reported significantly higher
SFR with TENS.27
Effect of Audiovisual Distraction
Only 1 RCT, was reported for the use of audiovisual distraction
and SWL.32 The study reported 118 patients, out of which 61
(51.7%) patients underwent audiovisual distraction via a televi-
sion. The age of patients ranged from 65 to 90 years. VAS
showed a decrease in the mean pain and distress scores. No sig-
nificant changes to blood pressure, heart rate or SFR were noted
and the willingness to repeat the procedure was similar in the
group undergoing SWL with and without audiovisual distrac-
tion.
UROLOGY 145, 2020



Table 1. Characteristics and results of lithotripsy (SWL) studies

Author Mean Age (SD) Male: Female Ratio Type of Study

Sample Size and
Allocation

Per Intervention Country Inclusion Criteria Exclusion Criteria

MUSIC
Cepeda et al
(1998)

Music group = 40.7 (§12.1)
No music group =
41.0 (§ 11.4)

Music group = 48:49
No music group = 47:49

Prospective, blinded,
randomized controlled
study

Total = 193
Music = 97
No music = 96

Colombia 15-65 years old
First lithotripsy for renal
stones

Serum creatinine >1.5 mg/dl
History of previous opioid
use

Koch et al
(1998)

Music group= 53 (§ 12)
No music group =
54 (§ 15)

Music group = 87:13
No music group = 85:15

Randomized controlled
study

Total = 43
Music = 21
No music = 22

USA NR NR

Yilmaz et al
(2003)

Music group= 40.89 (§ 3.24)
No music group = 39.30 (§
3.20)

Music group = 29:19
No music group = 32:18

Randomized study Total = 98
Music = 48
No music = 50 (NCH’s)

USA 19-68 years Unspecified

Akbas et al
(2016)

Total = 38.4 § 13.1 Total = 5:3 Prospective randomized
controlled study

Total = 400
Music= 200
No Music = 200

Multicentre No preoperative pain
No analgesic use before
the procedure

No ureteral stent
inserted

Radio-opaque stone
>18 years old

Not complete procedure due
to device or patient

Development of
complications

Refusing to listen to music
Not completing the second
session

Karalar et al
(2016)

Music group with NCHs = 47.8
(§ 15.9)

Music group without NCHs=
47.7 (§ 11.3)

No music group = 48.2 (§
15.5)

Music group with
NCHs = 17:11

Music group without
NCHs= 18:11

No music group = 19:13

Randomized study Total = 89
Music = 28 (NCH’s)
Music = 29 (no NCH’s)
No Music = 32

Turkey Radio-opaque renal
calculi

SWL before
Ureteric stents
Renal colic

Cakmak et al
(2017)

Music = 42.5 (§ 12.7)
No music = 43.3 (§ 12.8)

Music = 66:29
No music = 71:34

Randomized controlled
study

Total = 200
Music = 95
No Music = 105

Turkey Adults >18 years old
Female/male
Radio-opaque stones
<20 mm in diameter

located in upper/middle
calices, renal pelvis

Less than 10 mm in
diameter located in
proximal ureter

Previous SWL
Ureteral stent
Hearing difficulty
Uncontrolled hypertension
History of psychiatric disease
and antidepressant drug
use

Ordaz et al
(2017)

Music = 52.6 (§12.4)
No music = 52 (§13.7)

Music = 23:19
No music = 37:16

Blind randomized
controlled study

Total = 95
Music = 42
No Music = 53

Spain Age 18-80 years
Renal or ureteral calculi

Previous ESWL
Hypoacusis
Analgesia at home before
treatment

People taking analgesia as
usual medication

Gezginci et al
(2018)

NR Music = 1:7
Stress ball = 33:7
No music or stress
ball = 37:3

Randomized controlled
trial

Total= 120
Music = 40
Stress ball = 40
No music or stress ball
(control) = 40

Turkey Kidney or ureter stones
Age 18 and above
BMI of 30 kg per square
meter or less

Given no analgesics before
procedure

Renal colic
Ureteral stent
Contraindication in terms of
ESWL

Continued
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Table 1. Continued

Author Mean Age (SD) Male: Female Ratio Type of Study

Sample Size and
Allocation

Per Intervention Country Inclusion Criteria Exclusion Criteria

Cift et al
(2020)

No music = 38.4 (§13.9)
Turkish art music = 37.7
(§10.9)

Western classical = 36.3
(§10.6)

Self-selected music = 36.4
(§10.2)

No music = 8:7
Turkish art music = 5:1
Western classical = 7:3
Self-selected
music = 11:4

Retrospective, single-
blind randomized
study

Total = 150
Music = 120
Control (no music & no
headphones) = 30

Turkey Radiopaque stone 10-
20 mm in diameter,
localised in the renal
pelvis or ureteropelvic
junction

Aged 18 years

Previous treatment with SWL
Ureteral stents
Renal colic

Khoury et al
(2020)

Music= 51.5 (§17.4)
Video= 52.4 (§14.1)
Control= 52.6 (§16.1)

Music= 21:9
Video = 30:3
Control = 22:9

Randomized controlled
study

Total = 95
Music = 30
Visual video = 33
Control (no media) = 31

Australia NR NR

ACUPUNCTURE
Agah et al
(2004)

Acupuncture = 52 (§7)
No Acupuncture = 52 (§8)

Acupuncture = 2:3
No Acupuncture = 2:3

Randomized control
study

Total = 100
Acupuncture = 50
Control (IV
sedation) = 50

Iran Ages 18-70
ASA class I and II

Addiction
Psychiatric illness

Rogenhofer et
al (2004)

Total = 51.7 Total = 32:18 Prospective study Total = 90
Acupuncture = 90

Germany Age 23-67 years Urinary tract infections
Blood coagulation disorder

Resim et al
(2005)

Acupuncture = 35
No Acupuncture = 43

Acupuncture = 10:7
No Acupuncture = 10:8

Prospective,
randomized control
study

Total = 35
Acupuncture= 17
No Acupuncture = 18

Saudi Arabia Nephrolithiasis Less than 18 years
Weight less than 50 kg or
more than 100 kg

History of drug or alcohol
abuse

Wang et al
(2007)

Acupuncture = 46
No Acupuncture = 44

Acupuncture = 31:19
No Acupuncture = 16:9

Double-blind,
randomized controlled
study

Total = 56
Acupuncture = 29
No Acupuncture = 27

USA Age 18-65 years
No previous experience
of acupuncture

Psychiatric problems
Previous acupuncture
experience

Analgesic use within 1 week
before the procedure

Chen et al
(2014)

Sham acupuncture = 42.50
Electroacupuncture= 44
Control = 48

Sham
acupuncture = 7:1

Electroacupuncture=
18:7

Control = 4:1

Single-blind randomized
control

Total = 74
Acupuncture = 49
No Acupuncture = 25

China Upper urolithiasis
The size and width of
the calculi in the
ureter is equal to or
smaller than 1.0 cm
and/or 0.5 cm

NR

ACUPRESSURE
Mora et al
(2007)

Relaxation point group = 76.9
(§5)

Sham point group = 77.0 (§4)

Relaxation point
group = 8:17

Sham point
group = 19:31

Double-blind,
randomized controlled
study

Total = 100
Relaxation point
group = 50

Sham point group = 50

Austria Renal and urethral
calculi

Kidney stones smaller
than 2 cm

Patients previously
undergone ESWL and
recalled the
experience as painful

Lack of fluency in German
Inability to provide informed
consent

Neurological or psychiatric
disorders

Sedative intake for chronic
psychological disorders

Acute renal colic

Continued
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Table 1. Continued

Author Mean Age (SD) Male: Female Ratio Type of Study

Sample Size and
Allocation

Per Intervention Country Inclusion Criteria Exclusion Criteria

Age 65-90
Patients with social
insurance

Score of more than 0 on VAS
for pain

Intake of analgesic drugs
within 48 hours before the
investigation

Kidney stones larger than
2cm

TENS
Fernandez et
al (1988)

TENS = 49
No TENS = 46

NR Prospective,
randomized, single-
blind control study

Total = 32
TENS= 22
No TENS= 10

USA Age 18-75 years
No previous knowledge
of TENS

Previous renal surgery
Patients receiving narcotics
or sedative on the same
day prior to lithotripsy

Cardiac pacemakers
Chronic pulmonary disease
Mental impairment or
neurological disorders

Patient treated in the prone
position

Reichelt et al
(1999)

Total = 53 Total = 99:50 Prospective
comparative study

Total = 149
TENS= 57
Control = 92

Germany Age 16-82 years Cardiac pacemaker
Informed consent

Karamarz et al
(2004)

TENS = 37.7 (§11.9)
Acupuncture + TENS = 41.4
(§12.96)

No TENS or
acupuncture = 39.4 (§14.1)

TENS = 10:12
Acupuncture + TENS=
6:16

No TENS or
acupuncture = 8:14

Prospective,
randomized control
study

Total = 66
TENS = 22

Acupuncture + TENS = 22
Control = 22

Turkey Age 18-55 years
ASA status I-II
Kidney or ureteral stones

Hypertension
Pregnancy
Renal or hepatic
insufficiency

Cardiac pacemaker
Drug or alcohol
addiction

Allergic reactions to
opioids

Begun et al
(2009)

Total = 48.5 Total = 15:11 Prospective study Total = 26
TENS =26

USA Age 27-78 years
Weight 40-90 kg

NR

Continued
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Table 1. Continued

Author Mean Age (SD) Male: Female Ratio Type of Study

Sample Size and
Allocation

Per Intervention Country Inclusion Criteria Exclusion Criteria

Ozsaker et al
(2014)

Total = 40.62 (§14.14) Total = 1:1 Repeated measures
and self-control study

Total = 50
TENS = 50
No TENS = 50

Turkey Age 18-65 years
Renal stones
Receiving at least 2
sessions of ESWL
treatment

BMI <30 kg/m2

ASA I and II

Analgesic or anaesthetic drug
use before procedure

Visual or hearing problems
Chronic drugs

Shoukry et al
(2019)

TENS = 44.0 (§2.2)
No TENS= 46.8 (§2.2)

TENS= 8:7
No TENS= 3:2

Prospective,
randomized control
study

Total = 60
TENS= 30
No TENS = 30

Egypt Solitary renal stone 6-
15 mm

Age 21-75 years
ASA physical statys I-II
BMI 18-28

Bleeding and coagulation
disorder

Hypertension
Pregnancy
Pacemaker
Dermatological lesions at the
side of ESWL (eg, eczema,
dermatitis)

Drug and alcohol addiction
AUDIOVISUAL

Marsdin et al
(2012)

AV = 53.5
No AV = 51.7

AV = 32:24
No AV = 33:28

Prospective,
randomized control
study

Total = 118
AV = 61
No AV = 57

UK Elective outpatient
lithotripsy for ureteral
or renal stones

Emergency patients
Ureteral stents in situ
Epidural anaesthesia or
treatment in prone position

NCH, Noise canceling headphones; NR, Not reported.
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Table 2. Anaesthesia and complementary medicine used (VAS - Visual analogue scale, STAI - State-Trait anxiety Inventory)

Author Score system(s) used Anaesthesia used Complementary medicine type
Complementary medicine

delivery and duration
Complementary medicine effect, analgesia

& Systemic parameters

MUSIC
Cepeda et al. (1998) VAS Morphine 10mg SC + ketorolac

30mg IV +
alfentanil PCA (0.25mg dose

with 1 minute lockout
interval)

Alfentantil requirement(mg):
No music 1.6±0.9
Music 1.44±0.9
p=0.23

Type: Classical, Caribbean, soft
rock, and jazz

Patient selected: Yes

Delivery: Headphones Duration:
10 mins before the
procedure and continued up
to 10 mins after its
conclusion

Pain intensity similar in both groups during
SWL (p= 0.49)

Alfentanil requirement lower p=0.23
Quality of anaesthesia rated by

anaesthesiologist as excellent/good
higher p=0.50

Quality of anaesthesia rated by patient as
excellent/ good higher p=0.14

Satisfaction higher p=0.8
Koch et al. (1998) VAS

STAI
IV midazolam and alfentanil
10g/kg PCA

Alfentanil requirement: No
music 3900 Music 1600 (g)
(p=0.005)

Type: Any music of patient
choice Patient selected: Yes

Delivery: Headphones Duration:
Procedure only

Significant reduction in opioid requirements
p=0.005 Anxiety and pain not
significantly reduced

No significant difference in BP or HR

Yilmaz et al. (2003) VAS
STAI

15 g EMLA cream + 25mg of
fentanyl IV PRN,

No music +midazolam 2mg IV
Fentanyl requirement (g)
No music 35.72±3.11
Music 20.94±2.55
(p=0.008)

Type: Relaxing and slow rhythm
sedative music Patient
selected: Yes

Delivery: Headphones Duration:
Procedure only

SWL duration less p=0.004
Total number of shock waves more

p=0.662
SWL power setting higher p=0.542
Pain at 20th minute of SWL lower p=0.366
Pain at the end of SWL lower p=0.969
STAI-S at end of SWL lower p=0.022
Fentanyl requirement lower p=0.008
Satisfaction higher p=0.000

Akbas et al. (2016) VAS
STAI

No analgesia given Type: Turkish folk, classical or
popular Patient selected: Yes

Delivery: NR Duration:
Procedure only

SWL duration less p=0.7
SWL power setting higher p=0.1
Total number of shock waves more p=0.7
Pre-SWL HR higher p=0.6
Post-SWL HR higher p=0.4
Pre-SWL BP higher p=0.7
Post-SWL BP lower p=0.7
Satisfaction higher p<0.001
Willingness to repeat p<0.001
VAS lower p<0.001
STAI-S lower p<0.001

Karalar et al. (2016) VAS
STAI

Diclofenac 75mg IM Type: Classical
Patient selected: Yes

Delivery: Headphones Duration:
Procedure only

Total number of shock wave higher p=0.49
SWL power setting higher p=0.42
Pain lower p<0.001
STAI-S lower p=0.001
Post-SWL SBP lower p=0.23

Cakmak et al. (2017) VAS
STAI

NR Type: Turkish folk, classical,
popular,

relaxing or slow rhythm
Self selected: Yes

Delivery: Headphones Duration:
Procedure only

Pre-SWL SBP lower p=0.319
Pre-SWL HR lower 0=0.114
Pre-SWL STAI-S lower p=0.968
Post-SWL SBP lower p=0.002
Post-SWL HR lower p=0.001
Post-SWL VAS-pain lower p=0.0007
Post-SWL VAS-satisfaction higher p=0.001
Post-SWL VAS-willingness to repeat

procedure higher p=0.015
Post-SWL STAI-S lower p=0.006

Continued
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Table 2. Continued

Author Score system(s) used Anaesthesia used Complementary medicine type
Complementary medicine

delivery and duration
Complementary medicine effect, analgesia

& Systemic parameters

Ordaz et al. (2017) NR NR Type: classical, chill out,
international pop, Spanish
pop, and jazz

Self selected: Yes

Delivery: circumaural
headphones

Duration: 70 mins

Music during ESWL satisfies the patients
mean 8.8 (± 1.6) versus 7.9 (± 2.2)
points in satisfaction

(p = 0.037)
The results of items pain (p=0.822), well-

being (p=0.702), and anxiety (p=0.409)
were not statistically different

There were no significant differences either
between the two groups in SBP, DBP, RR,
HR

Gezginci et al. (2018) VAS
STAI

NR Type: Turkish folk music,
Turkish art music, Turkish
arabesque music, Turkish
pop music, foreign pop music
rock music, and classical
music Self selected = Yes

Delivery: headset
Duration: 5 minutes before

ESWL and continued during
the procedure

Pre-ESWL STAI p = 0.475
Post-ESWL STAI p = 0.267
Pre-ESWL VAS p = 0.061
Post-ESWL VAS p = 0.775

Cift et al. (2020) VAS
STAI

NR Type: Western classical,
Turkish art music

Self selected = Yes (only
Group 4)

Delivery: headphones
Duration: NR

No statistical difference of VAS scores
between Groups 1 and2, 3 and 4, 3 and 5
or 4 and 5 (p = 0.386, p=0.956, p=
0.112, p=0.100)

Anxiety levels in Group 3, 4 and 5 was lower
than Group 1 (p= 0.008, p=0.018 and p
< 0.001)

Higher satisfaction rate in group 3,4 and 5
than group 1 (p= < 0.001)

Statistical difference of willingness to
repeat the procedure was high in group 5
than 3 and 4 (p= 0.005, p= 0,007 and p=
0.003)

Stone free rate statistically similar between
groups (p = 0.992)

Khoury et al. (2020) NR IM fentanyl Type: NR
Self-selected= Yes

Delivery: Apple iPad attached to
lithotripsy machine with
NCHs

Duration: NR

IM opiate use was least in music group (p=
0.05)

Music group had least pain score (p=0.005)
and had best satisfaction rate (p=0.04)

ACUPUNCTURE
Agah et al. (2004) NR IV sedation group given 0.1mg/

kg morphine and diazepam
0.1mg 1 minute before the
procedure

Electroacupuncture Delivery: ST36 from stomach
meridian and point of 60 from
urinary bladder meridian (UB
60)

Duration: 30 mins before SWL
and throughout SWL

In time 3 and 5 there was no significant
difference between the groups (time 3,
p= 0.109 and time 5, p = 0.086)

In time 4, pain intensity was significantly
less (p = 0.012)

Mean recovery time was shorter for
acupuncture group (p > 0.0001)

Rogenhofer et al. (2004) VAS IV infusion of piritramide 0.1
mg/kg and midazolam 0.03
mg/kg

NR Delivery: BL23, BL52, LI4, SP6
and KI3

Duration: Throughout entire
SWL procedure

Median BP before SWL = 141/85 mm Hg
During SWL = 139/84 mm Hg
After SWL = 140/82 mm Hg
After the treatment
93.1% patients expressed willingness to

repeated SWL under acupuncture
87.5% satisfaction level
Average pain intensity during SWL was 1.77

(0.94)
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Table 2. Continued

Author Score system(s) used Anaesthesia used Complementary medicine type
Complementary medicine

delivery and duration
Complementary medicine effect, analgesia

& Systemic parameters

Resim et al. (2005) VAS Tramadol (1.5 mg/kg) 30 min
prior to ESWL +midazolam
(0.06 mg/kg) 5 min prior to
ESWL given via IV

Electroacupuncture Delivery: urinary bladder point
20, 21, 22, 23 and 52

Duration: 30 mins prior to ESWL

EA patients had lower VAS score than
control group, but the difference was not
significant (p=0.245)

Stone-free rates had no significant
difference (p=0.658)

No significant difference of BP (p= 0.213) or
HR (p=0.722) between control and
acupuncture group

Duration of SWL procedure similar
(p=0.517)

Faster recovery for acupuncture group
Wang et al. (2007) VAS

STAI
Alfentanil PCA pump (3 g kg1
bolus of alfentanil with a 5-
minute lockout interval

IV dose of 20kg of midazolam,
10kg of alfentanil, and 10mg
of metoclopramide over 5
minutes to all study patient

Auricular acupuncture
Sham auricular acupuncture
Sham electroacupuncture

Delivery: Bilateral Liver 3 and
Large Intestine 4 points

Duration: NR

Median rate of Alfentanil consumption
during SWL in the Acupuncture Group was
significantly (p = 0.040) lower than Sham
Group

Acupuncture Group had (p =0.029) less
anxiety at 30 minutes after initiation of
auricular acupuncture compared with
Sham Group.

VAS pain scores of 0.0 in the acupuncture
group were significantly (p = 0.014) lower
than those of 1.7 in Sham group

Duration of procedure was not statistically
significant between the two groups

No difference in patient satisfaction
between two groups (p= 0.781)

Chen et al. (2014) VAS Dormicum (0.04mg/kh) IV
Alfentanil (3 g/kg) if VAS 3

Sham acupuncture
Electroacupuncture

Delivery: Weizhong acupoint
and 3cm away from Weizhong
acupoint

Duration: 20mins prior to ESWL

Total analgesic dosage during EA group and
Sham group was 462.00 g/kg and
309.17 g/kg less than control group
(p = 0.2847)

VAS max pain score was statistically
significant (p=0.009)

Patient satisfaction for EA group is 80%
compared to Sham 54% and control at
16%

Duration of ESWL was not much different
between groups (p= 0.3422)

Recovery time for EA and Sham group was
10mins less than control (p < 0.0001)

ACUPRESSURE
Mora et al. (2007) VAS NR Auricular acupressure Delivery: Sham point on the

ear &
Relaxation point on the superior

lateral wall of the triangular
fossa

Duration: NR

Patients received acupressure at the
relaxation point had significantly lower
anticipation of pain scores than patients
who underwent sham intervention
(p = 0.001)

No significant changes in BP or HR between
or within the groups before and after
intervention
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Table 2. Continued

Author Score system(s) used Anaesthesia used Complementary medicine type
Complementary medicine

delivery and duration
Complementary medicine effect, analgesia

& Systemic parameters

TENS
Fernandez et al. (1988) NR NR TENS NR NR
Reichelt et al. (1999) VAS 826 mg metamizole, 87.5 mg

tramadole, 2.5 mg
piritramide, 2.1 mg
pethidine, 2.3 mg midazolam
and 0.8 mg diazepam

TENS Delivery: Paravertebrally at L1
and shock tube

Duration: NR

70% patients receiving TENS did not need
additional analgesics

TENS ESWL-induced pain reduced by 39.2%
Stone free rate for TENS group is 87.5%

compared to control 89.3%
Karamaz et al. (2004) VAS 5 mg of alfentanil diluted to

100 ml with isotonic saline.
PCA device programmed to
administer 5 ml/h with a
bolus dose of 8 ml.

TENS Delivery: Shock tube
Duration: NR

Alfentanil lower in TENS group (p > 0.0001)
VAS pain scores significantly lower in TENS

group (p <0.0001)
Satisfaction in TENS groups was more (p >

0.05)
Begun et al. (2009) Not used in study IV of 6.7 mg of midazolam

(range 2.5-13 mg) and 208
pg of fentanyl (range 100-
400 pg) 10 to 48 ml of
intradermal and
subcutaneous 0.5%
bupivicaine

TENS Delivery: Lateral to the spine
and anterior abdominal wall
at the midclavicular to
midaxillary line levels

Duration: 10mins prior to SWL

81% patients didn’t require additional
anaesthetics

Ozsaker et al. (2014) VAS
STAI

5 mg remifentanil mixed with
100 mL 0.9% NaCL; 5-minute
lockout interval and a bolus
dose of 0.4 (20 mg)

TENS Delivery: paravertebrally at L1
and 2 near the lithotripter
shock tube

Duration: NR

Analgesia used in TENS (mean = 4.14)
lower than control (mean= 7.16)

VAS score for TENS group (mean = 4.16)
lower than control (mean = 4.97)

STAI score for TENS group (mean= 36.86)
higher than control (mean = 32.86)

ESWL duration longer with TENS
(mean=18.04) than control (mean=
27.66)

Shoukry et al. (2019) VAS IV fentanyl 1g/Kg
IV increments of 20 g of

fentanyl given if VAS 3

TENS Delivery: paravertebrally near
the lithotripter shock tube

Duration: NR

Fentanyl dose lower for TENS group 65.3 (±
5.4)

ESWL duration had no significant difference
(p= 0.106)

Discharge time was among TENS group
lower (36.2 ± 0.6 min)

O2 desaturation in no TENS compared to
TENS groups (P-value = 0.003)

AUDIOVISUAL (AV)
Marsdin et al. (2012) VAS All patients received analgesia,

antiemetic, and prophylactic
antibiotics (pethidine 100mg
intramuscularly, diclofenac
75mg per rectum, pro-
chlorperazine 12.5 mg
intramuscularly, ciprofloxacin
100 mg

AV
Self-selected = Yes

Delivery: 32-inch television with
wireless headphones

Duratiom: 30 mins prior to SWL

Mean pain scores and distress scores
lower in the AV group (P < 0.0001)

Willingness to repeat procedure was seen
in both groups (98% of the group with no
AV dis- traction and 100% of the group
with AV distraction)
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Results of Our Meta-Analysis
Based on the results of our meta-analysis, music seems to have a
significant role in reducing anxiety but not pain during SWL.
Similarly, TENS did not seem to have a significant effect in
reducing pain (Supplementary Table 2, Supplementary Figure
1,2).
DISCUSSION

Key Findings
This systematic reviews presents the role of using comple-
mentary therapies in reducing analgesia required for out-
patient SWL as reported in 910-12,19,23,24,28,30,31 studies.
Additionally, the minimisation of pain and/or anxiety was
reported in 14 studies.12,13-15,17,19-21,23-25,27,28,30,32 It also
led to an increased patient satisfaction in 9 studies.10,12-
18,21,24,28 and increased willingness to have the repeat pro-
cedure in 6 studies.13,15,18,21,23,32 However, 4 studies
reported no significant change in pain and/or anxiety with
these therapies.10,11,16,22 Nevertheless, the overall out-
come of complementary therapies with SWL shows a
reduced analgesic requirement, pain, and anxiety related
to the procedure and increased patient satisfaction. No
major or minor side effects were noted with the use of
complementary therapy.

Meaning of Our Meta-analysis
Given the small numbers of studies providing adequate
data, meta-analysis was only performed for music (both
VAS and STAI) and TENS (VAS only). There was sig-
nificant heterogeneity for all 3 meta-analyses performed.
Egger’s regression could only be performed for music
(STAI and VAS), as there were too few studies for TENS
(VAS). Both of these tests were nonsignificant. Trim and
fill analyses did not demonstrate any missing studies (Sup-
plementary Figs. 3 and 4). Of the 3 meta-analyses per-
formed, only 1 demonstrated a significant model result
(Supplementary Figs. 1 and 2). Whereas, the use of music
significantly reduced anxiety for patients (Supplementary
Fig. 2), this was not significant for with regards to reduc-
tion of pain (Supplementary Fig. 1). As only a small num-
ber of studies have been performed in this area, the
significant heterogeneity is unsurprising, although it is
reassuring that there are no missing studies. The lack of
significance for the VAS models for both music and
TENS, may represent type 2 error given the low number
of studies.

Implications of Findings
The review draws its conclusions of the positive outcomes
complementary medicine applications in SWL can pro-
vide without compromising on patient safety or risking
side effects related to it. While this is the biggest review of
its kind, it confirms the findings of previous reviews with a
smaller sample size which similarly conclude that music,
acupuncture and TENS reduce analgesia requirement and
pain and/or anxiety in SWL,6 amongst other urologic pro-
cedures like TRUS biopsy, nephrostomy tube replacement
UROLOGY 145, 2020
and cystoscopy.7 This gives complementary medicine a
positive platform to be used more commonly in all areas
of local anesthetic outpatient procedures.
Advantages and Disadvantages of Complementary
Medicine
The United Kingdom has seen a recent increase in the
number of practitioners using complementary medicine.33

Undoubtedly, one of its key attractions is its low cost
which is of significant importance as it is estimated that
$261-$300 billion goes into pain management per year in
United States alone.34 Additionally, it is accessible for use
and adaptable not only to different surgeries, but also to
the patient (eg, choice of music), advocating an easy inte-
gration into the world of medicine.

The biggest concerns of using complementary medicine
is lack of understanding of how they work. For example,
many studies suggest that music-induced analgesia occurs
due to the distraction it creates for patients, while others
have proposed a change in neural areas of the brain associ-
ated with the limbic system and descending pathways of
pain modulation.35 Acupuncture-induced analgesia simi-
larly has various speculations of its mechanism of action.
In the 1970s, it was suggested that they may work through
inducing the release of endogenous opiates into the
plasma, and recent developments suggest electroacupunc-
ture is an immunomodulator, activating the expression of
the proinflammatory cytokines mRNA.36 Therefore, the
lack of preliminary evidence of its efficacy limits using
music, acupuncture, TENS, and similar alternative medi-
cines.

Nevertheless, complementary medicine should be con-
sidered as they are common practices and have been used
for many centuries without much adverse effects. There-
fore, using complementary medicine presents minimal
risks. The Cochrane School of Complementary Medicine
defines complementary and alternative medicine as a
''diagnosis, treatment and/or prevention which comple-
ments main stream medicine by contributing to a com-
mon whole, by satisfying a demand not met by orthodox
methods or by diversifying the conceptual framework of
medicine.''37 Therefore, it should not replace the use of
analgesics but should serve as an addition for reducing the
negative effects of medical procedures.
Alternative Complementary Medicines
Music, acupuncture, and TENS cover the most popular
alternative therapies used, especially in urology. Less
attention has been given to acupressure and audiovisual
distractions. These are all mind-body methods used as an
alternative. Less emphasis has been placed on biological-
based therapies such as ayurvedic medicine, phytothera-
peutic preparations, or homeopathy, which mostly origi-
nate from natural substances. However, these adjunct
medicines are similarly disadvantaged with the lack of evi-
dence supporting their efficacy and mechanism of action.
49



Strengths, Limitations and Areas of Future Research
An overwhelming strength of our review is the inclusion of
all complementary therapies used in SWL. The effects of
complementary medicines on outpatient SWL procedures
was validated with the use of VAS and STAI tools to mea-
sure pain and anxiety across the studies. The advantage of
such tools is that they are not subjective, limiting the
amount of bias while analysing the scores. Additionally, the
reviews were undertaken globally with reasonable sample
sizes varying from 26 to 400 participants, making the findings
of this review generalizable. However, our systematic review
included studies published in English only, ignoring data
from studies in other languages. Additionally, there was a sig-
nificant amount of heterogeneity within the sample sizes,
type of complementary therapy, how it was administered
which made it difficult to compare results without consider-
ing for confounding variables. While most of the reviews
were randomized controlled designs, some of them were pro-
spective studies without a control group,21,27,29 limiting
weather improvements after SWL were solely due to the
complementary medicine intervention. While the choice of
music and delivery method was down to patient choice,
some studies used a single selection for everyone. A cost-
effective analysis and a quality of life measurement was not
done performed. Given that stone disease is rising, it is about
time that these are also considered in future studies.38,39
CONCLUSIONS
The findings of this systematic review substantiates the
initial aims of the review that complementary medicine
may reduce the use of analgesics and anxiolytics, and
increase patient satisfaction in SWL. There was a signifi-
cant reduction in anxiety with the use of music during
SWL. With its feasibility and convenience, urological
guidelines need to endorse it, and more should be done to
promote its use in outpatient urological procedures.
SUPPLEMENTARY MATERIALS
Supplementary material associated with this article can

be found in the online version at https://doi.org/10.1016/
j.urology.2020.06.035.
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