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Purpose: To retrospectively evaluate the efficacy of extracorporeal shock wave litho-
tripsy (ESWL) by age and current condition as a first-line treatment for pediatric and 
adolescent urolithiasis.
Materials and Methods: The computerized records of 55 children were retrospectively 
reviewed from March 1991 to July 2007. The children were below 18 years of age and 
had undergone ESWL monotherapy for urolithiasis. There were 36 boys (65.5%) and 
19 girls (34.5%), with a mean age of 8.5 years (range, 0.5–18 years). There were 24 pa-
tients aged 7 years or less and 31 patients aged more than 7 years.
Results: The mean size of the stones was 9.48 mm (range, 4–22 mm). The overall success 
rate of ESWL was 90.9% (50 children). The mean number of ESWL sessions was 2.02 
(range, 1–10). The mean number of ESWL sessions for the patient group aged 7 years 
or less was 1.16 (range, 1–2) and that for the patient group aged more than 7 years was 
2.97 (range, 1–10; p=0.037). There was also a statistically significant difference in the 
mean number of ESWL sessions between the younger and older patients who needed 
general anesthesia (1.16 vs. 2.2 sessions, respectively; 0.042).
Conclusions: In the patient group aged 7 years or less, the number of ESWL sessions 
and the complication rate were comparable with those for endoscopic management. 
Thus, ESWL is an effective first-line treatment modality for patients aged less than 
7 years.
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INTRODUCTION

Pediatric and adolescent urolithiasis has drawn increasing 
attention of late owing to its increasing morbidity and high 
recurrence rate. Extracorporeal shock wave lithotripsy 
(ESWL) was introduced by Chaussy et al. [1] in the 1980s, 
and the first report of successful ESWL in children was pub-
lished in 1986 [2]. Thereafter, several reports showed the 
safety as well as the stone-free rates of ESWL, which were 
comparable with those of adults [3-5]. Recently, the 
long-term safety of ESWL in children was also proven [6].
　In ESWL, shock waves are generated by a source 
(lithotripter) outside the patient's body and are then propa-
gated into the body and focused on a renal stone, with the 
goal of fracturing the stone to allow the passage of the stone 

fragments via the urinary tract. This procedure has become 
more widely available throughout the world and has come 
to be considered a first-line treatment for the minimally in-
vasive management of pediatric and adolescent ur-
olithiasis [5,7].
　Although ESWL is widely accepted throughout the world 
as a first-line treatment modality, and although various 
studies have been conducted on it, its role in the manage-
ment of pediatric and adolescent patients has not been fully 
established. Furthermore, the endourological procedures 
available (e.g., ureteroscopy, percutaneous nephrolitho-
tomy) have been used owing to their high single-use proba-
bility in pediatric and adolescent urolithiasis. Thus, the ef-
ficacy of ESWL by age and current condition as a first-line 
treatment modality for pediatric and adolescent ur-
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TABLE 1. Characteristics of patients and treatment

Characteristic ≤7 y ＞7 y p-value

Age (y),  mean (range)
No.
Sex
　Boys
　Girls
Stone side
　Right
　Left
　Bilateral
Stone size (mm), mean (range)
Stone site
　Renal
　　Pelvis (Staghorn)
　　Calyx
　Ureter
　　Upper
　　Mid
　　Low
Anesthesia
　General
　Sedation
Session of ESWL, mean

2.69 (0.5–6.58)
24

16
8

12
10
2

10.20 (4–20)

13
1

12
11
6
1
4

24
0
1.16

13.0 (7.16–18)
31

20
11

16
12
3

8.94 (4–22)

17
1

16
14
8
1
5

9
22
2.97

General anesthesia:  2.2

0.71

0.71
0.66

0.45
0.52
0.63
0.37

0.51
0.39
0.53
0.57
0.53
0.32
0.37

0.037a

0.042a

ESWL, extracorporeal shock wave lithotripsy.
a:p-value of ＜0.05 was considered statistically significant.

olithiasis was retrospectively evaluated in this study.

MATERIALS AND METHODS

　The computerized patient records at the authors’ in-
stitute were retrospectively reviewed from March 1991 to 
July 2007. A total of 55 patients who were below 18 years 
of age and who underwent ESWL monotherapy for ur-
olithiasis were included in the study. There were 36 boys 
(65.5%) and 19 girls (34.5%) with a mean age of 8.5 years 
(range, 0.5–18 years).
　Prior to treatment, all patients were routinely evaluated 
(i.e., determining the medical history, physical examina-
tion, serum renal function test, serum coagulation test, and 
urine analysis and culture). The patients with coagulation 
disorders, sepsis, and nonfunctioning kidneys were ex-
cluded from the study. For stone localization and site and 
size assessment, plain X-ray, intravenous urography, re-
nal ultrasonography, and/or computed tomography scan 
were carried out preoperatively.
　The stones were found to be localized in the lower, middle, 
and upper ureter and in the renal pelvis (staghorn stone) 
and renal calyx. ESWL was performed with a Medispec 
Extracorporeal Shockwave Lithotripter E-3000 (Medispec, 
Yehud, Israel). The therapeutic power was started from 15 
kV and increased in steps up to 20 kV. The mean number 
of shocks was 700–1,000 per session, and the pulse fre-
quency was 60 shocks per minute.

　General anesthesia was required for all patients aged 7 
years or less and for nine patients above 7 years of age 
(29.0%). The other patients did not need anesthesia; in-
stead, fentanyl 2–2.5 μg/kg was administered to them for 
pain control. The ESWL sessions were performed with the 
patient in the supine position for the renal and upper ure-
teral stones and with the patient in the prone or supine posi-
tion for the middle and lower ureteral stones. Fluoroscopy 
and ultrasound were used for stone localization during the 
session. The patients were examined 2 weeks after each 
session via kidney-ureter-bladder and renal ultrasono-
graphy to assess stone fragmentation and the presence of 
renal obstructions. If additional sessions were needed, one 
such session was held on a weekly basis. 
　ESWL success was defined as stone-free status or the 
presence of clinically insignificant residual fragments. 
Stone-free status indicated no evidence of residual stones 
in the imaging studies. The clinically insignificant residual 
fragments were asymptomatic, noninfectious, and non-
obstructive fragments smaller than 3 mm at 3 months of 
follow-up. ESWL failure was defined as the continued pres-
ence of the rest of the stones and fragmentation after 3 
months of follow-up or the nonreduction of the stone size 
after three sessions of ESWL [8,9].

RESULTS

Of the patients studied, 28 (50.9%) were found to have 
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TABLE 2. Overall success rate and complications

Variable ≤7 y ＞7 y Total p-value

No.
Success rate  
Failure rate  
General complaint
　Hematuria
　Flank pain
　Fever  
Complication  
　Acute pyelonephritis
　Steinstrasse stones

24
22 (91.7)

2 (8.3)

9 (37.5)
3 (12.5)
1 (4.2)

0 (0)
1 (4.2)

31
28 (90.3)

3 (9.7)

11 (35.5)
10 (32.3)

1 (3.2)

1 (3.2)
1 (3.2)

55
50/55 (90.9)
5/55 (9.1)

20 (36.3)
13 (23.6)

2 (3.6)

1 (1.8)
2 (3.6)

0.66
0.49
0.52

0.56
0.25
0.21
0.54

Values are presented as number (%).

right-kidney stones, 22 (40%) had left-kidney stones, and 
5 (9.1%) had bilateral stones. There were 30 patients 
(54.5%) with renal stones (including two staghorn stones) 
and 25 (45.5%) with ureteral stones (upper, 14 patients; 
mid, 2 patients; lower, 9 patients). The mean size of the 
stones was 9.48 mm (range, 4–22 mm). The mean number 
of ESWL sessions was 2.02 (range, 1–10).
　In the patient group aged 7 years or less, the mean num-
ber of ESWL sessions was 1.16 (range, 1–2), and in the pa-
tient group older than 7 years, it was 2.97 (range, 1–10). 
There was a statistically significant difference between the 
two groups (p=0.037). There was no statistically significant 
difference between the two groups, however, in urinary 
tract infection, stone size and location, or congenital renal 
abnormality. General anesthesia was required in all the 
patients aged 7 years or less and in nine patients older than 
7 years (29.0%) owing to poor cooperation. The other pa-
tients did not need anesthesia. The mean number of ESWL 
sessions of the nine patients older than 7 years who re-
ceived general anesthesia was 2.2. This result also showed 
a statistically significant difference from the younger pa-
tient group (p=0.042) (Table 1).
　The overall success rate of ESWL was 90.9%. There was 
no statistically significant difference between the patient 
group aged 7 years or less and the patient group aged more 
than 7 years (91.7% vs. 90.3%). Complications developed 
after ESWL in three patients (5.5%), and two patients re-
quired intervention owing to steinstrasse. In the patient 
group older than 7 years, one patient had acute pyelone-
phritis. Two patients required intervention owing to stein-
strasse, one in the younger group and one in the older group 
(Table 2).

DISCUSSION

After the initial report that a large series of ESWL in chil-
dren had shown complications, safety and stone-free rates 
comparable to those in adults were reported in 1986 [2], and 
the safety and efficacy of ESWL have been shown in chil-
dren [10,11]. Even though ESWL is widely accepted as a 
first-line treatment modality throughout the world, its role 

in the management of pediatric and adolescent patients 
has not been fully established. 
　The recent refinement of the endoscopic management of 
urinary stone disease almost enabled it to replace open sur-
gery in children. Both ESWL and ureteroscopy had sat-
isfactory curative effects in the treatment of pediatric ure-
teral stones [2,5,12]. Several authors have reported high 
success rates with ureteroscopy (80–100%) [13-15] or per-
cutaneous management of urinary stones (79–88%) in chil-
dren, with minimal morbidity [16,17]. Notwithstanding 
these reported good surgical outcomes, various surgically 
related concerns have to be considered. The dilation of the 
ureteral meatus with ureteroscopy in children may result 
in vesicoureteral reflux. In addition to this risk, urethral 
injury and stricture in males and ureteral damage in both 
sexes may develop postoperatively. Ureteroscopes less 
than 6.9 Fr in diameter have been used of late for the treat-
ment of ureteral stones in children, without dilation of the 
ureteral meatus, but the technical requirement for ure-
teroscopy in children is much higher than in adults [12,18]. 
Thus, endourological management is generally reserved as 
an ancillary procedure for failed ESWL owing to its com-
parable success rate and higher safety profile.
　In children, there is no consensus regarding which re-
sidual fragment sizes are considered clinically insigni-
ficant. Consequently, there is no clear definition of 
“stone-free status” [19,20]. ESWL success was defined in 
this study as a radiographically stone-free status with no 
infection at 3 months of follow-up.
　In this study, the overall success rate was 90.9%, and the 
younger (≤7 years) and older (＞7 years) age groups 
showed similar results (91.7% and 90.3%, respectively). 
This result is comparable to the success rates reported by 
other ESWL series, with stone-free rates in children in the 
range of 75% to 98% [21-23].
　Complications occurred in 3 patients (5.5%). One patient 
required hospitalization because of fever and flank pain. 
The patient was treated with intravenous hydration, an-
tiemetics, analgesics, and antibiotics until pain-free and 
able to tolerate oral intake. Steinstrasse developed in two 
patients (3.6%), one in the younger age group (4.2%) and 
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FIG. 1. The number of extracorporeal shock wave lithotripsy 
sessions according to age.

one in the older age group (3.2%). In the patient in the 
younger age group, the fragments passed spontaneously 
after decompression of the obstructed renal units by percu-
taneous nephrostomy. The other patient was treated with 
ureteroscopy and extraction of the leading stones. Other 
studies reported an incidence of steinstrasse of 6% to 20% 
after ESWL [24,25]. The data obtained in the present study 
are similar to those obtained in other studies. The general 
complaints were pain in the treated side (23.6%), hema-
turia (36.3%), and fever (3.6%). All the general complaints 
were well controlled by oral hydration and nonsteroidal an-
ti-inflammatory drugs, without other complications.
　Aydogdu et al. [26] compared adult and pediatric ureters 
in transporting fragments following ESWL and found bet-
ter stone clearance by pediatric ureters. This outcome is 
probably due to the fact that shock waves are transmitted 
with little loss of energy through the small body volume in 
contrast with the long course that the wave has to travel 
in the adult body [27]. In fact, the pediatric ureter was more 
elastic and more distensible, which permitted easier pas-
sage of stone fragments and prevented ureteral impaction 
[28]. All patients in the present study appeared to tolerate 
the passage of stone fragments quite well. Interestingly, 
the mean number of ESWL sessions for the patient group 
aged 7 years or less was 1.16 (range, 1–2), whereas that for 
the patient group aged more than 7 years was 2.97 (range, 
1–10). There was thus a statistically significant difference 
between the two groups (p=0.037). This result showed that 
the passing of stone fragments was easier in the younger 
patients, and that 7 years of age could be the cutoff at which 
the first-line treatment modality for pediatric and adoles-
cent urolithiasis can be selected (Fig. 1).
　Ever since ESWL was adopted for pediatric patients, sev-
eral concerns have emerged. One is the concern about the 
damage to the reproductive organs in a pediatric patient 
subjected to ESWL for ureteral calculi. This has been dis-
proven by most animal experiments that showed no 
long-lasting permanent damage on the female re-
productive system [29]. Another concern is about renal 

scarring in children treated with ESWL for their renal 
stones. This concern was investigated by Fayad et al. [30] 
in a study involving 100 children with renal stones; the re-
searchers reported that none of the patients in their study 
exhibited any degree of renal scarring in the dimercapto-
succinic acid scan or any decrease in split kidney function 
as evidenced by the glomerular filtration rate measure-
ment in mL per minute by using diethylentriamene pertaa-
cetate after shock wave lithotripsy.
　The last concern is the necessity of anesthesia. There is 
no agreement on the best anesthetic method to use during 
ESWL in pediatric patients, and numerous anesthetic 
methods have been used in children undergoing ESWL [27]. 
In the present study, general anesthesia was used for ad-
equate ESWL for the patients who would not cooperate. All 
patients less than 7 years of age needed general anesthesia, 
and nine patients older than 7 years (29.0%) needed general 
anesthesia owing to poor cooperation. No significant anes-
thetic complications occurred.
　Unfortunately, the present study had some limitations. 
First was the absence of chemical composition analysis. 
Depending on the patient’s age, the chemical composition 
of the stone might be changed, which could affect the stone 
disintegration; however, such data were not integrated in 
this work. Carrying out chemical composition analysis will 
be very helpful for the treatment of pediatric urolithiasis. 
Second, the mechanical factor was not considered in the 
present study because the lithotripter was changed once 
during the study period. Last, the efficacy of ESWL was 
compared with that of endoscopic management indirectly 
on the basis of data obtained from the literature. 

CONCLUSIONS

In the patient group aged 7 years or less, the number of 
ESWL sessions and the complication rate were comparable 
to those of endoscopic management. Thus, ESWL is an ef-
fective first-line treatment modality for patients aged less 
than 7 years.
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