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Introduction

While the prevalence and characteristics of stone disease in 
children vary greatly depending on geographical factors, it 
is also influenced by environmental factors in the same way 
that other chronic diseases (1,2). Given the delicate nature of 
childhood, urologists prefer minimally invasive methods for the 
treatment of pediatric urolithiasis. However, the use of shock 
wave lithotripsy (SWL) therapy, which is one of these alternatives, 
started with a delay in children, despite its widespread use 
in adults. The reason for this is the concern about potential 

adverse effects on the developing organ systems in children. 
However, subsequent studies have shown that the use of SWL in 
the treatment of kidney stones in children is a safe and effective 
method (3,4).

When compared to adults, infants have a higher frequency 
of metabolic and anatomical anomalies, which affect the 
formation of stones and result in differences in treatment 
selection and treatment outcomes (5). Furthermore, their small 
anatomy and the fact that their modalities, such as percutaneous 
nephrolithotomy and retrograde intrarenal surgery, require 
long-term anesthesia, necessitate the development of even 
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Abstract

What’s known on the subject? and What does the study add?

Shock wave lithotripsy (SWL) is a safe minimally invasive method that has been used for many years in the treatment of urinary system stone 
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higher success can be achieved with SWL in infants.
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more minimally invasive methods. Since the use of SWL on small 
groups, such as infants (0-23 months), raises concerns due to the 
anatomical factors, the number of studies on its application is 
limited. Therefore, the purpose of this study was to evaluate the 
efficacy and safety of using SWL in the treatment of pediatric 
urolithiasis in the 0-2 age group, as well as the factors affecting 
the success of SWL.

Materials and Methods

In our study, we collected and analyzed data from 149 patients 
aged 0-2 who underwent SWL for urolithiasis in our clinic 
between January 2009 and September 2013. Patients with a 
history of cystine stones and cystinuria, as well as those with 
stones in more than one unit, were excluded from the study. 
Preoperatively, all patients were evaluated with kidney function 
tests, urinalysis, and urine culture.

Patients with urinary infections  were underwent SWL after 
treated with antibiotherapy. In the first stage, ultrasonography 
± direct urinary system radiography was used for the diagnosis 
and treatment plan. In complex cases, unenhanced computed 
tomography (CT) was preferred as a last resort for diagnostic 
purposes. The stone size was accepted as the longest axis of the 
stone in the imaging method.

Stone fragmentation was performed under sedoanalgesia 
with the Siemens Lithostar Modularis® (Siemens AG, 
Munich, Germany) device under ultrasonographic guidance. 
Ultrasonography was used to assess the stone-free status of 
the patients 2 and 4 weeks after treatment. Further, no residue 
was approved as the criterion of treatment success. In the 
control examinations, if the fragmentations were insufficient 
and the patient was suitable for SWL indications, the SWL was 
repeated until the third session, at the earliest 2 weeks after the 
procedure. Factors that may affect the success of SWL in infants 
were evaluated using univariate and multivariate analyses.

Statistical Analysis

Statistical analyses were performed on SPSS 17.0. In the 0-2 
age group, gender (female, male), side (right, left), degree of 
hydronephrosis (none to minimal, moderate to severe), number 
of stones (single, multiple), stone size (≤10 mm, >10 mm), 
stone location (lower pole and off the lower pole), complaint 
(symptomatic, asymptomatic), and previous intervention (yes, 
no) parameters were evaluated, and their correlation with 
success was investigated using the chi-square test. The best 
predictive value for the stone size and age was determined 
using receiver operating characteristic (ROC) curve analysis. 
Using the logistic regression analysis, it was assessed whether 
these correlations were independent or not. A p-value of ≤0.05 
was regarded as significant.

Results

Table 1 shows the demographic information and clinical 
characteristics of the patients who took part in the study. The 
mean age of the 149 patients who underwent SWL between 
the ages of 0 and 2 was 14.39±4.56 months. For a mean stone 
size of 8.66±3.47 mm, 89 (60.9%) boys and 60 (31.1%) girls 
were treated with SWL. One hundred thirty-five (90.6%) of the 
patients had a single stone, with 22.1% of the stones located in 
the lower pole. While the most common complaint was pain and 
restlessness (40.2%), moderate-to-severe hydronephrosis was 
detected in 31 (31.8%) of the patients at their first appointment. 
The second session of SWL was conducted in 23 patients, and 
the third session of SWL was conducted in 4 patients in the 
patient group, with a median number of SWL sessions of 1 (1-
3). While stone-free status was achieved in 105 (70.5%) patients 
in the first session, it was achieved in 15 (65.2%) of 23 patients 
in the second session and in 2 (50%) of 4 patients in the third 
session. In general, with a mean stone burden of 8.66±3.47 mm 

Table 1. Demographic information and clinical characteristics 
of the patients in the study group
Characteristics n=149

Gender, n (%)
Male 
Female 

89 (60.9)
60 (31.1)

Side, n (%) 
Right 
Left 

76 (51.1)
73 (49.9)

Age (months) (mean ± SD) 14.39±4.56

Hydronephrosis degree, n (%) 
None-minimal 
Moderate-severe 

118 (79.2)
31 (31.8)

Number of stones, n (%) 
Single 
Multiple 

135 (90.6)
14 (10.4)

Stone size, n (%) 
≤10 mm 
>10 mm 

125 (83.9)
24 (16.1)

Stone size (mm) (mean ± SD) 8.66±3.47

Stone localization, n (%) 
Upper pole 
Middle pole 
Lower pole 
Renal pelvis 
Ureter 

20 (13.4)
45 (30.2)
33 (22.1)
39 (26.2)
12 (8.1)

Complaint, n (%) 
Pain-restlessness 
Nausea-vomiting 
Fever 
Hematuria 
Asymptomatic

60 (40.2)
12 (8.1)
39 (26.2)
11 (7.4)
27 (18.1)

Previous intervention, n (%) 30 (20.1)

SD: Standard deviation
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during a mean follow-up of 10.01±11.34 months, 122 (81.9%) 
children in the patient group achieved stone-free status.

In a comparative analysis to determine the factors that may 
affect SWL treatment in children aged 0-2, it was determined 
that having a single stone (p≤0.001) and a stone size smaller 
than 10 mm (p=0.007) were statistically significant factors for 
treatment success (Table 2). Following a multivariate analysis, 
it was discovered that having a single stone had a significant 
effect on success (odds ratio: 6.173, 95% confidence interval: 
1.189-20.946, p=0.004) (Table 3). 

In the patient group, it was determined that 1.31±0.26 J of 
average power was applied in the SWL procedure, with an 
average number of shocks of 1.629±269. The best predictive 
value of stone size in SWL in the 0-2 age group was found to 
be 10 mm in the ROC analysis (area under the curve=0.683, 
p=0.002) (Figure 1). 

To evaluate the effect of age on success in stone fragmentation, 
the study group’s successful and unsuccessful groups were 
compared. The average age was found to be 14.25±4.469 
months in the successful group, whereas it was 15.04±5.004 
in the unsuccessful group. It was found that age was not 
statistically significant among the groups in SWL success 
(p=0.304). Furthermore, ROC analysis did not yield a significant 
predictive value. 

When the patient group was evaluated in terms of complications, 
seven patients had ureteral stents placed after SWL due to stone 
tract. One patient was admitted to the hospital with a febrile 
urinary tract infection and was treated with antibiotherapy. 
There were no major complications during the perioperative 
period. During the follow-up period, no patients developed 
hypertension or proteinuria.

Discussion

According to the findings of our study, the use of SWL in infants 
with urinary system stone disease appears to be effective and 
safety. The high success and low morbidity rates of SWL treatment 
should not be overlooked in the treatment of urolithiasis, which 
has increased in recent years as a result of earlier diagnosis in 
childhood and the impact of evolving health systems.

Today, concerns about SWL damaging immature kidney and 
bone tissue are no longer valid. Studies based on animal 

Figure 1. Cut-off value of ROC analysis for stone size in 0-2 age group

ROC: Receiver operating characteristic 

Table 3. Multivariate analysis of the factors, which are found 
significant in univariate analysis, which can affect SWL 
treatment in infants

Odds 
ratio

Confidence 
interval p

Number of stones 
(single/multiple) 6.173 1.189-20.946 0.004

Stone size 
(≤10/>10 mm) 2.358 0.812-6.846 0.115

SWL: Shock wave lithotripsy
*p≤0.05

Table 2. Determination of factors that may affect shock wave 
lithotripsy therapy in the 0-2 age group with comparative 
analysis

Parameter (n)
Stone-free 
status 
n (%)

Unsuccessful
 n (%) p

Gender
Female (60)
Male (89)

46 (76.7)
76 (85.4)

14 (23.3)
13 (14.6)

0.393

Side
Right (76)
Left (73)

60 (78.9)
62 (84.9)

16 (21.1)
11 (15.1)

0.636

Hydronephrosis grade
None-minimal (118)
Moderate-severe (31)

97 (82.2)
25 (80.6)

21 (17.8)
6 (19.4)

0.932

Number of stones
Single (135)
Multiple (14)

116 (85.9)
6 (42.9)

19 (14.1)
8 (57.1)

<0.001*

Stone size
≤10 mm (125)
>10 mm (24)

107 (85.6)
15 (62.5)

18 (14.4)
9 (37.5)

0.007*

Stone localization
Lower pole 
Off the lower pole

27 (81.3)
95 (81.9)

6 (18.7)
21 (18.2)

0.992 

Complaint
Symptomatic (122)
Asymptomatic (27)

99 (81.1)
23 (85.2)

23 (18.9)
4 (14.8)

0.622

Presence of previous 
intervention
Present (30)
Absent (119)

25 (83.3)
97 (81.5)

5 (16.7)
22 (18.5)

0.223

Total (149) 122 (81.9) 27 (22.1) -
*p≤0.05
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experiments and long-term extensive patient experiences have 
revealed that kidney development and function did not change 
significantly following SWL (6,7). It has also been proved that 
the success rate of SWL in children is comparable to that of 
adults. Some studies show that SWL is more effective in children 
than in adults, with stone-free state rates ranging from 60% to 
nearly 100% in various studies (8,9). Aside from its success, the 
main advantages of SWL for younger patients are that it does 
not require long-term anesthesia like other surgical methods 
and can be performed with short-term sedoanalgesia.

The physical characteristics of this patient group in the early 
stages of childhood, the prevalence of anatomical anomalies, 
and the elevated metabolic risk factors make urolithiasis 
treatment challenging. Despite the fact that the number of 
studies is limited, high success rates for the treatment of SWL in 
infants have been identified. Younesi Rostami et al. (10) reported 
in their study in 2011 that they provided 100% stone-free status 
in infants with SWL. The high success rate was attributed to 
the fact that the transmission of shock waves was higher in 
infants due to their small body surface (10). Moreover, Turna et 
al. (11) reported that they achieved high stone-free state rates 
with SWL in infants, and they did not observe the occurrence of 
hypertension or diabetes in either of the patients during their 
midterm follow-up, implying that SWL can be used safely and 
successfully in infants. In parallel with these studies, our study 
supports that SWL can be used successfully in the 0-2 age group 
with a relatively higher number of patients, compared to the 
previous studies with a limited number of patients.

Estimating which patients will benefit from it and how 
much they will benefit from it is just as critical as choosing a 
treatment method. Generally, as the number of stones increases, 
the treatment becomes more difficult, necessitating more 
invasive procedures. In our study, patients with a single stone 
in the 0-2 age group benefited more from the treatment than 
those with multiple stones. Contrarily, the number of stones 
was statistically proven to be the main factor influencing 
SWL success. In their study, Tan et al. (12) reported that an 
improvement in the number of stones was detrimental to the 
success of SWL treatment in patients under the age of 16. The 
same argument holds true for children aged 0-2, a subset of 
pediatric patients.

According to common perception, stone size has a negative 
effect on stone-free status in children, similar to adults. Thus, 
Onal et al. (13) reported that stone size has a negative effect 
on the success of SWL in children in their studies with a large 
patient series. However, on the contrary, Ather and Noor (14) 
also discovered in their studies that size has no effect on the 
success of SWL in stones up to 30 mm. In our study, while the 
stone size was found to be effective in the success of SWL in 
univariate analysis, in multivariate analysis, similar to the study 

of Ather and Noor (14), the size factor did not affect infants. 
Nevertheless, due to the early diagnosis and small anatomy of 
the kidneys in infants, the smaller stone size may be efficient in 
reaching this outcome.

There have been few studies on the positive effect of age on 
SWL. Lottmann et al. (15) reported the stone-free rate in SWL 
as 87.5% in 16 infants and 71.4% in 7 patients aged 6-11 years, 
emphasizing the positive effect of age on SWL. SWL has been 
shown to be more effective at younger ages in a few other studies 
(9). This could be because the skin-stone distance in pediatric 
patients is shorter than in adults. However, in comparison to 
other studies, our study group is more homogeneous in terms of 
age. In other studies, the age factor is evaluated by years, but in 
our study, the age factor was evaluated in months, which could 
affect the outcome.

The evaluation of metabolic factors is a crucial step in the general 
principle of treatment of stone disease. Patients with metabolic 
abnormalities, such as cystinuria, have a lower success rate of 
SWL (16). It is obvious that the patient’s metabolic condition 
and stone type should be considered when planning treatment 
(17). Since our clinic is a referral center and some patients live 
a long distance away, we were unable to obtain metabolic and 
stone analysis data from all patients, and these results were not 
be included in the assessment.

Aside from its high success rate, SWL appears to be a method 
that can be used safety in the early stages of childhood in terms 
of complications and side effects. More serious complications, 
even though they are rare, have been reported in the literature 
for the use of SWL in infants. In our study, no major complications 
were observed in the short term in the 0-2 age group. Lu et 
al. (8) reported a 6% incidence of the stone tract after the 
use of SWL in infants in their meta-analysis. They concluded 
in their meta-analysis that SWL preference in children can 
be made without regard for the possibility of complications. 
However, due to the patient group’s features, procedures such 
as retrograde intrarenal surgery, percutaneous nephrolithotomy, 
and open surgery may be required due to complications, and 
further treatment may be very difficult to implement in infants 
(18). Therefore, SWL procedures in the 0-2 age group should be 
performed in experienced clinics that are equipped to handle 
any complications that may arise.

While SWL is a minimally invasive method, the potential long-
term consequences of SWL in groups vulnerable to environmental 
factors, such as early childhood, should be considered. Long-
term complications, such as hypertension, diabetes, and 
proteinuria, were not observed in any of our patients, despite 
our short follow-up period. Many studies have already revealed 
that SWL has no chronic effects, even with meta-analyses (7,19). 
However, knowledge on the usage of SWL in young children 
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is only beginning to grow. Due to the recurrent nature of the 
stone disease, these patients should be closely monitored and 
their metabolism thoroughly investigated. In terms of patient 
follow-up and general health profiles, developing modern and 
informatics-based applications is still very important, similar to 
the follow-up of other chronic patients, given the circumstances 
of our age (20). 

Study Limitations

Our study has some limitations. Primarily, the study is 
retrospective and does not include long-term results. 
Furthermore, since our clinic serves as a reference center, the 
results of metabolic and stone analyses could not be compiled 
entirely. However, given the importance of the management of 
stone disease in infants, we believe that our study can serve as a 
model for future research. While not using CT, which is the most 
sensitive tool for assessing stone-free status, may be considered 
a limitation, due to its radioactive effects, tomography cannot 
be used in all patients in this age group.

Conclusion

SWL is an important treatment option with high success and 
low complication rates for infants with stone disease. The only 
independent factor affecting the success of SWL is the number 
of stones.
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