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Does Extracorporeal Shock Wave Lithotripsy
Cause Hearing Impairment?
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OBJECTIVE To evaluate the possible effects of extracorporeal shock wave lithotripsy (ESWL) on the hearing
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status of the patients in this prospective controlled study.

METHODS A total of 40 patients with normal hearing function were included to the study. We had 20
patients each in the study group and control group. The treatment parameters were standardized
in all 3 sessions in which a total of 3000 shock waves with a rate of 90/min along with a total
energy value of 126 J at the fourth energy level have been applied (Dornier Compact Sigma,
Medtech, Germany). In addition to the testing of hearing functions and possible cochlear
impairment by Transient Evoked Otoacoustic Emissions test at 1.0, 1.4, 2.0, 2.8, and 4.0 kHz
frequencies, complications such as ear pain, tinnitus, and hearing loss have been well evaluated in
each patient before the procedure and 2 hours and 1 month after the completion of the third
session of ESWL in the study group. The same evaluation procedures were performed before the
study and after 7-weeks in the control group.
RESULTS Regarding Transient Evoked Otoacoustic Emissions data obtained in study group and control

group patients, there was no significant alteration in values obtained after ESWL when compared
with the values before the procedure.
CONCLUSION A well-planned ESWL procedure is a safe and effective treatment in urinary stones and causes no

detectable harmful effect on the hearing function of treated patients. UROLOGY 84: 12e15,
2014. � 2014 Elsevier Inc.
fter its clinical introduction in the early 1980s,
extracorporeal shock wave lithotripsy (ESWL)
Ahas become the most popular therapy for urinary

calculi throughout the world with its effective and safe
results in most upper urinary stones both in adults and
children. However, despite its highly successful and
minimal invasive nature, application of high-energy
shock waves (HESW) with this system may cause some
minor and major complications.1 Complications of
ESWL may depend on residual stone fragments, infec-
tion, and direct mechanical effects of HESW on tissues
such as gastrointestinal, cardiovascular, genital, and
reproductive system.2,3 Concerning such possible harmful
effects, in addition to these well-known reported risks,
another potential risk could originate from the noise
produced by the HESW on the hearing function of
treated cases. It is well known and reported that acoustic
energy generated by HESW during the disintegration of
the stones causes noise depending on the energy level
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served
used. However, there are some contradictory reports
published in the literature focusing on the possible effects
of HESW-induced noise on the hearing status of human
beings.4-9

In this present prospective controlled study, we aimed
to evaluate the possible effects of noise created by HESW
on the hearing function of the treated cases during short-
and long-term follow-up.

MATERIALS AND METHODS

A total of 65 patients referring to urology department between
December 2012 and March 2013 were included to this pro-
spective controlled study. Study protocol was approved by Dr.
Lutfi Kirdar Kartal Training and Research Hospital’s Etic
Committee (date: November 13, 2012; file number: 11). All the
steps of the study were planned and applied suitably according
to Helsinki Declaration.
Twenty-five patients in whom a complete stone fragmenta-

tion has been observed after 1 or 2 sessions were excluded from
the study. In addition to the patients with previous ESWL
history, patients with hearing loss, tinnitus, and previous ear
surgery were all not included to the study program. A total of 40
patients were included and divided into 2 groups. Although 20
patients (14 men and 6 women) undergoing ESWL for unilat-
eral kidney stones constituted study group, another 20 patients
(15 men and 5 women) referring to the department for reasons
other than urolithiasis were studied in the control group.
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Table 1. Demographic characteristics and mean stone
size of the cases

Characteristics
Study Group

(n: 20)

Control
Group
(n: 20) P

Gender (male/
female)

14/6 15/5

Age (y) 39.75 � 10.95
(25-58)

36.59 � 11.18
(24-58)

.401

Stone size (m2) 112.91 � 64.45
(55.2-372.8)
Before the ESWL, after the routine biochemical and urine
tests, in addition to kidney-ureter-bladder and/or urinary system
ultrasonography performed in most the cases, a noncontrast
abdominopelvic computed tomography was applied when
needed. Finally, all cases were again examined well at the
otorhinolaryngology department for the actual status of hearing
by performing otorhinolaryngologic examinations and Transient
Evoked Otoacoustic Emissions (TEOAE) test.

All cases were treated with an electromagnetic shock wave
(SW) generating system (Dornier Compact Sigma, Medtech,
Germany), and ESWL procedure was applied at supine position
with a 90\min frequency and total of 3000 SWs in each session.
Fourth energy level was reached in first 500 waves, and total of
126 J energy was performed in all patients. A maximum number
of 3 ESWL sessions were performed in all patients in the study
group with a week period among each session.

Concerning the evaluation of the hearing system, TEOAE
values were recorded in all cases. The frequencies were tested
at 1.0, 1.4, 2.0, 2.8, and 4.0 kHz using Echoport OAE EZ-
Screen 2 (Otodynamics ltd. 30-38, Beaconsfield Road Hat-
field Herts AL10 8BB, United Kingdom). After each ESWL
session, subjective symptoms such as tinnitus, pain in the ears,
or any change in hearing were carefully noted. The sound
produced by the lithotripter was recorded at both lithotriptor’s
SW generator head, at the patient’s ear and the operators
(urologist) station levels by using Sound Level Meter. (Mini, A
Type - ST-85A).

In the study group cases, TEOAE test was applied first before
the ESWL (B-ESWL) procedure and then 2 hours (A-2-hours)
and 1 month after (A-1-month) the completion of third session.
In the control group cases, however, TEOAE test was applied
first B-ESWL and 7 weeks after (A-7-weeks) after the first ses-
sion of ESWL in accordance with the timing in study group
cases (1 month after 3 sessions).

All data were given as mean � standard variation and eval-
uated with Mann Whitney U test, Kolmogorov Smirrnov test,
paired sample t test, and Wilcoxon test using SPSS v15.0 for
windows. P <.05 was accepted as statistically significant.
RESULTS
Evaluation of our findings did reveal the following data:
there was no significant difference with respect to the
patient, stone (in the study group), and demographic
characteristics in both groups (P > 05; Table 1).

Regarding the TEOAE values (including all frequency
levels—1.0, 1.4, 2.0, 2.8, and 4.0 kHz) obtained in study
group patients, there was no statistically significant
alteration in values obtained before and after (A-2-hours
and A-1-month) ESWL. Similar to these patients, again
no significant difference could be demonstrated in control
group cases both before and after (A-7-week) treatment.
Values obtained from TEOAE values in both groups
before and after ESWL are being demonstrated in
Tables 2-4.

Evaluation of the sound level at various parts during
the treatment namely at the head of the SW generator,
the patient’s ear and operator’s (urologist) station level
did show the values to be 65.2-71.5, 60.7-68.4, and 58.7-
66.2 dB, respectively. During the treatment, the SW
generator was fixed to an energy level of 4 during the
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course of all shock wave lithotripsy procedures in the
study group.

Last but not least, none of the patients evaluated in
both groups developed tinnitus, ear pain, or hearing loss
after ESWL, which has been well assessed after each
session.
COMMENT
After its clinical introduction in 1982, ESWL became the
preferred treatment modality in the management of uri-
nary calculi with its successful results.10 However, despite
its highly successful and safe results, studies did clearly
show that some certain side effects can occur after this
procedure. The reported complications related with this
subject namely gross hematuria, pain, and perinephritic
hematoma are generally minor problems that could be
treated in a conservative manner in most the cases.11

SWs used in ESWL may have effects not only on the
treated kidneys but also on hearing function. Related
with this subject, published studies did clearly show that
HESW-related noise is impulsive in nature,7 and all the
possible side effects on hearing function were related to
the number of HESW,12 the level of discharge energy,13

intensity of the sound produced by HESW, and time
between impulses.7

Focusing on the possible harmful effects of HESW on
hearing function of the treated cases, there are limited
data reported in the published literature. Although
odiometric tests were applied in first trials,7,8 otoacoustic
emission measurements proved to be the most sensitive
test for the determination of the possible hazards of noise
induced. It has been well shown that otoacoustic emission
measurements have the ability to detect the earliest subtle
changes reflecting the auditory function at the cellular
level. Otoacoustic emissions as a potential applied test for
cochlear function14,15 have several advantages, including
objectivity, noninvasiveness, and specificity for testing
the biomechanical activity of the outer hair cells, the
most fragile class of receptors of the organ of Corti.16-18

Evaluation of the recent literature did show some
studies evaluating the possible effects of ESWL on hear-
ing function using Transient Otoacoustic Emissions
tests.4-6,9 Because of the aforementioned advantages
TEOAE test was also performed in this study to evaluate
the status of hearing function in treated cases.
13



Table 2. Transient Evoked Otoacoustic Emissions values obtained before and 2 h after ESWL* in the study group

Frequency (kHz)

Before ESWL 2 h After ESWL

P ValueMean SD Mean SD

R L R L R L R L R L
1 0.05 4.92 11.8 8.02 2.27 3.87 8.25 12.5 .557 .965
1.4 8.01 5.74 4.11 7.95 7.05 7.01 5.66 4.99 .350 .343
2 7.19 7.45 4.32 5.15 7.3 7.32 4.82 6.36 .905 .904
2.8 3.94 3.97 7.01 3.95 4.91 4.78 6.23 5.39 .326 .496
4 2.08 1.16 6.36 3.95 2.28 1.86 5.63 4.16 .861 .464

ESWL, extracorporeal shock wave lithotripsy; SD, standard deviation.
* 2 h after ESWL: 2 h after the completion of the third session of ESWL.

Table 3. Transient Evoked Otoacoustic Emissions values obtained before and 1 mo after ESWL* in the study group

Frequency (kHz)

Before ESWL 1 mo After ESWL

P ValueMean SD Mean SD

R L R L R L R L R L
1 0.05 4.92 11.8 8.02 1.69 4.77 9.94 7.8 .520 .926
1.4 8.01 5.74 4.11 7.95 6.28 6.33 7.06 6.12 .287 .698
2 7.19 7.45 4.32 5.15 7.25 7.23 4.94 6.11 .929 .818
2.8 3.94 3.97 7.01 3.95 4.64 3.81 6.06 6.41 .528 .913
4 2.08 1.16 6.36 3.95 1.54 0.5 5.81 5.26 .599 .578

Abbreviations as in Table 2.
* 1 mo after ESWL: 1 mo after the completion of the third session of ESWL.

Table 4. Transient Evoked Otoacoustic Emissions values obtained before and 7 wk after ESWL* in the control group

Frequency (kHz)

Before ESWL 7 wk After ESWL

P ValueMean SD Mean SD

R L R L R L R L R L
1 1.65 0.97 5.99 11.35 1.65 0.97 5.99 11.35 1.000 .831
1.4 4.65 5.20 5.16 6.54 4.65 5.20 5.16 6.54 1.000 1.000
2 6.38 7.38 7.56 5.91 6.38 7.38 7.56 5.91 1.000 1.000
2.8 5.00 5.50 6.14 5.01 5.00 5.50 6.14 5.01 1.000 1.000
4 1.07 2.28 4.01 5.28 1.07 2.28 4.01 5.28 1.000 1.000

Abbreviations as in Table 2.
* 7 wk after ESWL: 7 wk after the first session of ESWL the period between the initiation and completion of ESWL in the study group cases.
In their study using sound level meter for 1 day, Ter-
lecki and Triest19 did measure the degree of noise
affecting the urologist, anesthesiologist, and technicians
during ESWL session. There was no important damage on
hearing function according to Occupational Safety and
Health Administration standards. In another trial again,
Muluk et al reported the findings in 10 patients after 1
session of ESWL in which they evaluated the cases first
before ESWL and then 1 day and 15 days after ESWL by
TEOAE at different frequencies. They were able to
demonstrate only a temporary decrease at 3 kHz fre-
quency application on 1 day after ESWL evaluation.
There was no significant effect at all other frequencies.
They concluded that the reason for no permanent but
only temporary damage at 3.0 kHz and no damage at
other frequencies were because of protective ear heading
and short-term subjection of the cases to ESWL induced
noise.4 Compared with this study, in our study, patients
were subjected to much more noise during a total of 3
ESWL sessions, and no protecting ear heading was used.
14
In another study, Naguip et al performed 1 session ESWL
in 33 patients and multiple sessions in the remaining 12
patients. They applied TEOAE to patients before and
after ESWL at different times. As a result, they were able
to show that ESWL has potential damaging effect on
hearing function. In addition, they showed that ESWL
may cause a temporary tinnitus and subjective loss of
hearing status, which seems to be related to the frequency
of exposure to ESWL.5 When compared with our present
study, a total of 3 sessions of ESWL were performed in all
study group patients in which patient’s ear pain, tinnitus,
and subjective hearing loss were questioned and recorded.

Last but not least, in their original study Virk et al did
treat a total of 30 patients with kidney or ureteral stones.
During ESWL procedure sixth and fourth energy level
were used for ureteral and kidney stones, respectively.
Although there was no standardized number of ESWL
sessions for each patient, there was no statistically sig-
nificant difference with respect to TEOAE performed
before ESWL and after 2 hours of ESWL.6 In our study,
UROLOGY 84 (1), 2014



standardized energy level (fourth level) and equal number
of ESWL sessions were applied in all patients.

Regarding the sound levels produced during lithotripsy
with different types of lithotriptors, although in their
original study with Electrohydrolic lithotripsy system Lusk
and Tyler did record the peak sound pressure levels as
112 dB in the operating room,7 Muluk et al did record the
same value as 91.2 dB in the operating room and as
68.5 dB in the imaging room.4

However, with respect to the electromagnetic energy
producing systems such as the one used in our study;
although Terlecki et al were able to outline the level of
sound at patient ear as 89 (88-90) dB and 79 (78-80) dB
at urologist’s station,19 Naguib et al did record this value
as 75.6-87.2 dB at patient’s ear and 68.1-81.6 dB staff
member’s position5 and finally Virk et al did record this
value 70 dB at patient’s ear level in which the maximum
value of the sound was similar at the operator’s site.6 Our
results obtained at different sites of the operating room
were all in accordance (even lower) with the data given
in the literature with different types of lithotriptors. Our
data indicate that taking the maximum number 3 sessions
performed for the patient and the maximum 8 sessions
performed by the same team during the whole day into
account, the sound produced by the lithotripter could be
accepted as safe for both the patient and the operating
staff in the light of the Occupational Safety and Health
Administration standards.19

In this study, to standardize the noise during session,
ESWL procedure was applied with a standard fre-
quency, SW number, energy level, session number, and
session interval to all study group patients. Even the
protecting ear heading was not used, no damaging ef-
fect of ESWLs on hearing function was found in long
and short terms. There was no significant difference
between TEOAE measurements at all frequencies,
before and after ESWL procedure. Also none of our
patients had complaint such as ear pain, tinnitus, and
subjective loss of hearing.

According to our knowledge, this is the first prospec-
tive and controlled study with a large group of cases
undergoing multiple sessions of ESWL with short- and
long-term results in the literature.

Regarding the limitations of our study, use of only
fourth energy level during ESWL could be accepted as a
potential limitation. This approach was originated from
the fact that only patients bearing kidney stones were
included in study program. We believe that further pro-
spective and controlled studies including larger series of
cases with also ureteral stones treated under higher energy
levels are certainly needed.
UROLOGY 84 (1), 2014
CONCLUSION
Our findings did clearly demonstrate that a well-planned
ESWL procedure with appropriate treatment parameters
may cause no detectable harmful effect on the hearing
function of treated patients, further supporting its safe and
effective application in the management of urinary stones.
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