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Abstract. – PURPOSE: In our study, we evalu-
ated retrospectively the efficacy of extracorpore-
al shock wave lithotripsy (ESWL) in the treat-
ment of ureteral stones in children. 

MATERIALS AND METHODS: Between the
dates of 2005-2010, 62 children who were applied
ESWL due to the ureteral stone in our Clinic and
consisted of 42 males and 20 girls whose mean
age was 6.6 ± 3.1 were evaluated. 31 (50%) of the
patients were upper ureteral stone, 10 (16.1%) of
them were middle ureteral stone and 21 (33.9%) of
them were lower ureteral stone. The sizes of the
stones were 4 to 17 mm, the average was 7.1 mm.
ESWL was performed in the supine position for
upper ureteral stones, in the supine/prone posi-
tion for middle and lower ureteral stones. 

RESULTS: Stone-free rate was determined as
93.5% in three-month follow-up of the patients.
Re-treatment was done at 14.5% of the patients.
The implementation of ESWL was ended unsuc-
cessfully at 4 children (6.5%). A significant differ-
ence was not detected between three-month
stone-free rates in terms of the size of the stones
and location. There was not any serious compli-
cation at any of the patients. 

CONCLUSIONS: According to these findings
ESWL with its high stone-free rates and negligible
complications is the first method to be refered in
the treatment of ureteral stones in children. 

Key Words:
Pediatric, Shock wave lithotripsy, Ureteral stone.

Introduction

80% of urinary tract stones can be treated with
extracorporal shock wave lithotripsy (ESWL)
which is a revolution of the treatment of urinary
tract stone (1). Today, in the treatment of ureteral
stones, ESWL and ureteroscopy are the two
method of the treatment applied to as a basic (2).
However, there are limited number of studies re-
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lated to the use of ESWL in the treatment of
ureteral stones in children3. Although there are
some of the potential dangers in the growing
child, ESWL has been reported to be highly suc-
cessful in the treatment of urinary tract stones in
children4.

Pediatric urolithiasis is a rare disease with dif-
ferent epidemiological characteristics, and with a
different incidence all over the world5,6. It has been
reported that the urinary tract stone disease is en-
demic in a study from our country and 17% of the
patients with urinary tract of the stone disease are
younger than 14 year-old7. It can be benefited
from ureterorenoscopy and basket practice, ureter-
al stendler, shock wave lithotripsy, percutaneous
nephrolithotripsy or open surgery in the treatment
of renal and ureteral stones in children8.

In recent years, it has been reported that there
is an increase in the formation of urinary tract
stone in childhood. Because urinary tract stones
tend to repeat more common in children than in
adults, it should be benefited from the minimal
invasive methods. Fewer complications and mor-
bidity occur and the treatment of ureteral stones
in children can be more successfully treated with
small caliber ureteroscope. However, the ureteral
instrumentation can be dangerous especially in
younger boys. The reliability of ureteroscopy has
not been established with certainty in pediatric
age group.

Although the treatment of ureteral stones is
standardized with guideline in adults, there is
not a consensus about the etiology of pediatric
urolithiasis, course and treatment algorithm. The
aim of our study is to evaluate the safety and ef-
ficacy of ESWL in the treatment of pediatric
ureteral stones in our Clinic which is one of the
large stone centers of the eastern region of
Turkey.
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Materıals and Methods

Between the dates of 2005-2010, 62 children
who were applied ESWL by using Elmed branded
lithotripter (electromagnetic lithotripter, Elmed
Inc., Turkey) due to the ureteral stone in our Clinic
and consisted of 42 males and 20 girls whose mean
age was 6.6 ± 3.1 were evaluated. 31 (50%) of the
patients were upper ureteral stones, 10 (16.1%) of
them were middle ureteral stones and 21 (33.9%)
of them were lower ureteral stones. The sizes of the
stones were 4 to 17 mm, the average was 7.1 mm.
ESWL was performed in the supine position for
upper ureteral stones, in the supine/prone position
for middle and lower ureteral stones All of the
stones were identified as abdominal radiograph, ul-
trasound, excretory urography and by using com-
puted tomography (CT) when necessary. ESWL
was performed to 18 patients at the hospital, but to
the others as outpatients. 

All of the patients were evaluated with anam-
nesis, physical examination, urinanalysis, serum
biochemical tests, bleeding and clotting time,
ECG before ESWL. ESWL was performed to the
patients with urinary tract infection after their
urine cultures were sterile with the appropriate
treatment. The procedure of ESWL was per-
formed to the children with the weakness of co-
operation under the dissociative anesthesia with
ketamine. A pallet which has 20 cm aperture in its
center was used to reduce the damage that ESWL
waves gave the surrounding tissue and organs and
exposure of X-ray beams in the direction of shock
waves. It was benefited from fluoroscopic imag-
ing to localize the stone. The position of the treat-
ment was determined according to the localiza-
tion of the stone. ESWL was performed in the
supine position in children with proximal ureteral
stone and in the supine or prone position in chil-
dren with medium or lower ureteral stone. The
treatment was started at low power and was grad-
ually increased so that the maximum power
would be 3000 shock until an appropriate power.
We evaluated the size, location and number of the
stone in children whom we performed the ESWL
related to the stone, and we evaluated the level of
the energy, the number of shock waves, the pa-
tient’s exposure to the radiation, the number of
ESWL sessions and the applications of auxiliary
as for the treatment of the characters. We per-
formed the duration between two sessions for two
weeks to allow the passage of the stone frag-
ments. The stone-free rates were determined by
abdominal radiograph taken following the appli-

cation of two weeks and three months later. The
patients whose stones were radiologically detect-
ed not to be fragmented after 3 sessions were re-
garded as a failure. EQ (Efficacy Quotient) was
used in the assessment of the effectiveness of
ESWL. The value of EQ was calculated with for-
mula of the stone-free %/(100% + re-treatment
rate % + auxiliary procedures %)9. 

Statistics
It was benefited from the Chi-square test in the

comparison of EQ and stone-free rates in differ-
ent localization and size of the stones. We did not
have an important complication during or after
the application of ESWL.

Results

The number of shock wave was between 600-
3000 (mean 2025±511.2). The level of the energy
was between 3 and 5 for each pulse (the average
level 4). Dissociative anesthesia was performed
to 18 of our patients (29%). Stone-free rate was
determined as 93.5%, re-treatment was deter-
mined as 14.5% and EQ was determined as
%81.7 in the follow-up of three-month of the pa-
tients. Three-month stone-free, re-treatment and
the rates of EQ were shown in Table I according
to the size of the stone and its localization. A sig-
nificant difference was not detected between
three-month stone-free rates in terms of the local-
ization of the stone (p > 0.05). In terms of the
size of the stone, stone-free rates in the second
week was correlated with the size of the stone,
but three-month of stone-free rates in three
groups were determined to be similar. The appli-
cation of ESWL was unsuccessfully ended at 4
children (6.5%). There was the stenosis of
ureteropelvic junction (upj) at the two of them
and was corrected by open surgery. Ureterolitho-
tomy was performed to one of the other two
stones not broken with ESWL and ureteroscopy
was performed to the other. 

Clinically significant perirenal hematoma, der-
mal ecchymoses and anesthesia-related compli-
cation or arrhythmia were not observed in any of
the patients. Urinary tract infection improved
with the oral antibiotics in two patients (3.2%)
and renal colic relieved with the antispasmotic
and anti-inflammatory in 4 patients (6.4%) were
observed. The most common stone component
was found as calcium oxalate in 19 patients
whose stone analysis was carried out.
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The stone fragmentation and its removal after
ESWL is easier in children than in adults and
starts earlier20. Unlike adults due to the small
sizes of the body of the children, this probably
depends on reaching the stone with less energy
loss of the shock waves. Because the distance be-
tween the skin and stone in children is shorter,
the shock waves are less absorbed by the sur-
rounding tissue and organs and they reache the
stone with less energy loss and their therapeutic
effect relatively becomes more. While passing
through the body tissue which is 6 cm of thick-
ness in children, the shock waves have been re-
ported to lose just 10-20% of their energies20.

The ureteral lumens of children are narrower
and shorter compared to the adults. Although the
narrowness of the ureteral lumen in children is
seen as a disadvantage for the passage of the
pieces of the stone which is fragmented, the
shortness of the ureter compared to the adults has
compensated for it21. In fact, the ureter of the
children is more elastic and it can more broden.
This structure of the ureter makes the passage of
the pieces of the stone easy and blocks the ureter
to be impacted by the pieces of the stone22. Being
softer of the stone structure in children, being rel-
atively smaller the size of the stone and increased
ureteral compliance have alone made the effec-
tiveness of ESWL more successful than in adults
in the treatment of the ureteral stones22,23. All of
our cases tolerated the passage of the fragmented
stone pieces.

It has been reported that the location of the
stone was an important factor affecting the stone-
free rates (11.4). Muslumanoglu et al24 have re-
ported that the stone-free rates in lower ureteral
stones were lower than the upper and middle

Discussion

Significant changes have been in the treatment
algorithm of the ureteral stones development of
ESWL and endoscopic methods in the last 20
years. Minimal invasive techniques have replaced
the open surgery not only in adults, but also in
children in the treatment of ureteral stones. Mini-
mal invasive techniques in the stone disease of
the pediatric age group is more important be-
cause the recurrence of the urinary tract stones in
children will be more than in adults.

In children, the stone disease of the upper uri-
nary tract is about 1/50-1/75 of the adults10.
ESWL and ureteroscopy are the two important
methods in the treatment of the ureteral stones in
children9,11,12. However, there is a risk of the vesi-
coureteral reflux-related to the ureteral dilatation
carried out during the process of the ureteroscopy
in children. But, the need for the ureteral dilata-
tion has been reduced with the use of the uretero-
scopes thinner than the diameter of 6,9f. Another
disadvantage of this type of the ureteroscopes is
that it needs technical equipment much more
than adults13,14. In addition, the ureteroscopy
done during the childhood can also lead to the
ureteral injuries in both sexes in addition to the
development of the urethral injury and narrow-
ness in boys.

The first large series showing the ESWL’s ac-
tivity, the complications and the stone-free rates
in children was published in 198615. Because the
efficacy and safety of ESWL have been shown in
children, it has been the first selected treatment
method for the kidney stone16,17. However, the al-
gorithm of ESWL treatment has not been fully
established in pediatric patients18,19.

Location Stone < 1 cm 1-2 cm > 2 cm Total

Proximal 31
Stone-free rate 20/20 (100%) 9/10 (90%) 0 29/31 (93.5%)
Re-treatment rate 1/20 (5%) 2/10 (20%) 1/1 (100%) 4/31 (12.9%)
EQ 99.5% 75% 0 82.8%

Middle 10
Stone-free rate 8/8 (100%) 1/2 (50%) 0 9/10 (90%)
Re-treatment rate 1/8 (12.5%) 1/2 (50%) 0 2/10 (20%)
EQ 88.9% 33.3% 0 75%

Distal 21
Stone-free rate 14/14 (100%) 6/7 (85.7%) 0 20/21 (95.2%)
Re-treatment rate 1/14 (7.1%) 2/7 (28.6%) 0 3/21 (14.3%)
EQ 93.4% 66.7% 0 83.3%

Table I. Stone free rates after ESWL treatment, retreatment rates and efficacy quotient rates according to location and size of
calculi.
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ureteral stones. It has been recommended that the
patients with distal ureteral stone should be treat-
ed with urethroscopy rather than ESWL. Howev-
er, three-month of stone-free rates in the upper,
middle and lower ureteral stones in our study
were respectively 93.5, 90 and 95.2% and we
found that there was no difference between the
stone-free rates of the three group. Because the
intensity of the pelvic bone in children is lower
than in adults, shock waves lose less energy until
they reach the stone and therefore higher success
can be achieved in mid-ureteral stones compared
to the adults.

Most of the anesthetic methods can be per-
formed for the procedure of pediatric
ESWL19,25,26. While ESWL can usually be per-
formed to the big children without the need for
any medication, younger children often need the
anesthesia due to the lack of co-operation. The
dissociative anesthesia was performed to 18 pa-
tients in our series. Any anesthetic complication
was not encountered.

Although ESWL-related complications might
be variable from the hematuria to the sepsis,
these complications have very rarely been seen
open27. In addition, retrospective studies in chil-
dren have shown that ESWL did not lead to the
renal morphology and functional changes
(11.28). The blood vessels are very sensitive to
the effects of ESWL. Although we have also ob-
served the macroscopic hematuria in about 20%
of our patients in our study, we did not determine
the subcapsular hematoma in any of our patients.

Conclusıons

According to these findings, ESWL with its
high stone-free rates and negligible complica-
tions is the first method to be referred in the
treatment of ureteral stones in children. 
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