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exposure values were higher in children referring to ED than 
the other cases. However, there was no significant differ-
ence between the two groups regarding the mean number 
of KUB, IVU and sonographic evaluation performed prior 
to SWL management. There was a significant correlation 
between the mean radiation exposure and the stone size as 
well degree of hydonephrosis in a positive manner. Although 
a significant correlation was present between the mean radia-
tion exposure and stone opacity in a negative manner; there 
was no correlation with respect to the other related param-
eters. Unnecessary use of X-ray based imaging modalities 
in children could be effectively avoided using KUB and US 
combination beginning from the diagnostic phase of stone 
disease.

Keywords Radiation · Children · Shock wave lithotripsy · 
Renal stones

Abbreviations
ALARA  As low as reasonably achievable
CT  Computed tomography
ED  Emergency department
HU  Hounsfield unit
IVU  Intravenous urography
ICRP  International Commission on Radiological 

Protection
KUB  Kidney-ureter-bladder
mSv  millisievert
NCCT  Noncontrast computed tomography
OD  Outpatient department
SWL  Shock wave lithotripsy
UTI  Urinary tract infection
USG  Ultrasonography

Abstract The objective of this study is to evaluate the 
average radiation exposure in children with renal stones 
before SWL treatment. Mean radiation exposure values 
were evaluated in 110 children before SWL treatment. 
While some children referred to the emergency department 
(ED) with colic pain, remaining cases referred to outpatient 
department (OD). Although low-dose NCCT was performed 
in ED; KUB and abdominal sonography were first performed 
in other cases referring to OD where CT has been applied 
if needed. The type of imaging modality used and the 
mean radiation exposure were evaluated and comparatively 
evaluated with respect to the department referred, patient 
as well as stone related parameters. 49 children referred to 
ED and 61 children referred to OD. Mean stone size was 
7.24 ± 0.29 mm. 62 cases had opaque stones. Mean radiation 
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Introduction

Although the incidence of pediatric urolithiasis is reported 
to be 1–5%, the disease is still an important healthcare 
problem particularly in developing countries [1]. Due to 
the high recurrence rates associated with metabolic abnor-
malities and changes in the quality of life, stone disease 
represents a unique diagnostic and therapeutic challenge 
in this specific population [2–5].

Early diagnosis and rational management of urinary 
stones have a pivotal role particularly in this specific pop-
ulation and as the first but highly important step proper 
imaging of these cases include a true assessment with 
maximum sensitivity and specificity associated with min-
imal risk of radiation exposure. Similar to adult popula-
tion, a variety of imaging modalities namely sonography, 
noncontrast computed tomography (NCCT), intravenous 
urography (IVU) as well as plain kidney-ureter-bladder 
(KUB) radiographs are being performed in kids with cer-
tain benefits and limitations [6].

Unlike the data regarding the incidence and the out-
comes of minimally invasive surgical treatment modali-
ties, very limited data focusing on the quantification of the 
radiation exposure prior to the stone management in these 
cases could be derived from the literature. Regarding the 
type as well as the quantity of the imaging modality used 
children may undergo excessive radiation exposure during 
both the initial diagnostic and also follow-up evaluation 
period. When compared with adults, use of medical radia-
tion in pediatric population for any reason is an impor-
tant consideration due to the relatively longer remaining 
lifespan and more radiosensitive tissues making them par-
ticularly vulnerable to the long-term effects of ionizing 
radiation [7].

In light of these facts, collaborative efforts of clinicians, 
radiation physicists, public health officials and industry have 
promoted the ALARA (As low as reasonably achievable) 
principle to limit the radiation exposure as much as possible 
particularly in the pediatric population [8–11].

Regarding the diagnosis as well as the follow-up of stones 
in children; although ultrasonography (USG) has been 
commonly performed as the least non-invasive and safest 
tool, similar to the adult cases (non-contrast computerized 
tomography) NCCT has also been increasingly performed 
particularly for acute evaluation of pediatric urolithiasis. 
Radiologists tend to perform NCCT based examination more 
commonly due to its high sensitivity in the quick diagnosis 
of both renal and ureteral stones particularly in the emer-
gency department (ED) setting.

In this present study, we aimed to evaluate the average 
radiation exposure values in children during the prepara-
tion phase for shock wave lithotripsy (SWL) treatment of 
renal stones.

Patients and methods

The departmental files of 110 children (63 boys and 47 
girls; M/F: 1.34) undergoing SWL for solitary renal stones 
between April 2014 and April 2016 have been evaluated in 
a retrospective manner. The mean radiation exposure values 
during the preparation phase for SWL treatment along with 
the patient and stone related parameters were derived from 
these files.

Depending on the department of first referral children 
were divided into two groups namely cases referring to the 
pediatric emergency department (ED) with colic pain and/or 
hematuria (Group 1) and cases referring to outpatient depart-
ment (OD) with vague symptoms of abdominal pain and 
recurrent urinary tract infection (UTI) (Group 2).

In addition to the detailed patient history, a thorough 
physical examination and complete blood–urine tests have 
been performed. Regarding the radiological assessment 
again although a low-dose NCCT was the preferred imag-
ing modality in children referring in an emergency setting 
with colic pain, KUB and abdominal sonography were the 
most commonly performed means in other cases referring 
to outpatient department where NCCT has been applied if 
needed. UTI has been treated with appropriate antibiotic reg-
imen in all cases before SWL treatment. All these evaluation 
and management procedures have been performed within 
the frame of the algorithm used in our department for kids 
referring with suspected urinary stones (Fig. 1).

While abdominal sonography evaluation was performed 
with Mindray DC-7 system (Mindray Medical Technolo-
gies, Shenzhen, China), low-dose non-contrast CT exami-
nation was performed with GE Hi-Speed Advantage heli-
cal scanners (GE Medical Systems, Milwaukee, WI). IVU 
and KUB roentgenograms were performed using a Siemens 
Healthcare 960 × 720 X-ray scanner system.

In addition to the stone related factors (location, size and 
Hounsfield unit (HU)), presence and the degree of hydro-
nephrosis were also assessed in all children. Following the 
evaluation of the type of imaging modality used and the 
mean exposure to radiation in each case, mean radiation 
exposure values were comparatively evaluated with respect 
to the department referred, patient as well as stone related 
parameters mentioned above.

Last but not least, as the most important parameter of our 
study estimated radiation exposure values in children has 
also been calculated for each imaging modality as follows:

With respect to the protocol applied for CT evaluation 
included parameters as  peak tube voltage of 100 kVp, 
minimum tube current (mA) of 75 mA, maximum mA of 
240 mA, noise index (NI) of 23, exposure time of 0.8 s, 
volume CT dose index of 2.8 mGy, dose-length product 
of 115 mGy × cm. The organ doses have been estimated 
using Monte Carlo methods [12, 13]. The effective dose was 
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calculated by summing organ doses adapted by the tissue-
weighting factors provided in the International Commission 
on Radiological Protection (ICRP) Publication 103 [14]. 
For IVU evaluation; effective dose was calculated using the 
patient entrance skin dose, radiation field size, an effective 
dose conversion factor and a normalized energy-imparted 
conversion factor for an abdominal radiographic projec-
tion [15]. Finally the effective dose for roentgenograms 
was calculated using the PC-based Monte Carlo program 
(PCXMC) (version 2.0) (STUK—Radiation and Nuclear 
Safety Authority, Helsinki, Finland).

Data obtained in our study are presented as mean ± stand-
ard error of mean. Using prism 5.0 (GraphPad Software, San 
Diego, CA); Mann–Whitney test and Spearman tests were 
used to evaluate both the overall statistical significance and 
also the correlation between subgroups. A p value of < 0.05 
was considered to be significant.

Results

A total of 110 pediatric cases (63 boys and 47 girls; M/F: 
1.34) with solitary renal calculi have been evaluated and 
treated with SWL in our department between April 2014 
and April 2016. Of all the children treated while 49 cases 
referred to ED with colic pain (44.5%), the remaining 61 

cases were examined in OD (55.5%) with symptoms of 
vague abdominal pain, recurrent UTI and hematuria.

Patient age varied between 1 and 16  years with a 
mean value of 5.84 ± 0.38 years. Mean stone size was 
7.24 ± 0.29 mm (4–21 mm) and the mean HU value was 
596.3 ± 38.28 (234–1076). 70 Children had dilated renal 
collecting system and mean degree of dilation was 0.82 
(0–2). There was no statistically significant difference with 
respect to parameters mentioned above between the two 
groups (Table 1).

Stones were located in right kidney in 44 cases (40%) 
and in left kidney in 66 cases (60%). Regarding the locali-
zation in the kidney 52 stones (47.3%) were in renal pelvis, 
31 stones were in lower calyx (28.2%) and the remaining 
27 stones were located in upper calyceal position (24.5%). 
Although 62 cases had opaque stones, the stones were non-
opaque in 48 cases.

With respect to the possible radiation exposure val-
ues during each X-ray based imaging modality, while the 
estimated exposure ranged from 1.60 to 1.75 millisievert 
(mSv) for one CT imaging evaluation, these values were 
2.6–2.9 mSv for IVU and 0.012–0.015 mSv for KUB exami-
nation, respectively.

Regarding the possible radiation exposure risk of the 
children evaluated for renal calculi prior to SWL, our data 
obtained in both group of cases revealed following findings:

Fig. 1  Diagnostic algorithm in a child presenting with abdominal pain
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When we evaluated the possible correlation between 
mean radiation exposure values in both groups on a radi-
ologic imaging method based manner, our data clearly 
demonstrated that the mean exposure value to radiation 
was higher in children referring to ED than the other cases 
referring to OD (p = 0.0307). The main reason for this find-
ing was the higher mean number of CT evaluation sessions 
performed in these cases when compared with the cases in 
other group (p = 0.0080). Our data showed that multiple 
X-ray based radiological evaluation (at least 2 of NCCT, 
IVU and KUB evaluations) has been performed in a total 
of 63 children (57.3%). However there was no significant 
difference between two groups regarding the mean number 
of KUB, IVU and sonographic evaluation performed prior 
to SWL management (Table 2).

On the other hand again, there was a significant correla-
tion between the mean radiation exposure values and the 
stone size as well degree of dilation in a positive manner. In 
other words, as the size of the stone and the degree of dila-
tion increased the mean value of radiation exposure did also 
increase in a parallel manner (p < 0.0001) (Table 3).

Last but not least, evaluation of the correlation for patient 
and stone related parameters (gender, laterality, stone loca-
tion and opacity) on this aspect clearly showed that although 
a significant correlation was present between the mean radia-
tion exposure of the children with the opacity of the stones 
treated (p < 0.0001) in a negative manner; we were not able 
to show any further correlation with respect to the other 
related parameters. As the opacity of the stone decreased 

Table 1  Comparative 
evaluation of demographic and 
stone characteristics in both 
groups

p* < 0.05 was considered to be significant

Overall (n:110) Children referring to 
ED (n:49)

Children referring to 
OD (n:61)

p*

Age (year) 5.84 ± 0.38 6.50 ± 0.63 5.31 ± 0.44 0.1833
BMI (kg/m2) 17.52 ± 0.36 17.48 ± 0.51 17.63 ± 0.48 0.2164
Stone size (mm) 7.24 ± 0.29 6.83 ± 0.42 7.56 ± 0.41 0.2158
HU (hounsfield unit) 596.1 ± 38.28 614.2 ± 43.26 589.4 ± 45.53 0.4356
Degree of hydronephrosis 

(grade)
0.82 ± 0.07 0.65 ± 0.11 0.96 ± 0.08 0.1786

Table 2  Evaluation of the 
mean radiation exposure values 
based on the imaging modality 
used and the referral pattern of 
the children in both groups

p* < 0.05 was considered to be significant

Overall (n:110) Children referring to 
ED (n:49)

Children referring to 
OD (n:61)

p*

Mean dosage of radiation 
exposure (mSv)

2.72 ± 0.52 3.62 ± 0.97 1.94 ± 0.52 0.0307

Mean number of NCCT 0.88 ± 0.10 1.04 ± 0.14 0.52 ± 0.08 0.0080
Mean number of KUB 4.10 ± 0.27 4.22 ± 0.40 4.00 ± 0.37 0.4874
Mean number of IVP 0.30 ± 0.05 0.33 ± 0.09 0.28 ± 0.08 0.5782
Mean number of USG 3.42 ± 0.28 3.25 ± 0.44 3.56 ± 0.36 0.4694

Table 3  Evaluation of the 
correlation between the mean 
dosage of radiation exposure 
and patient’s age, stone size 
and degree of hydronephrosis 
(Spearman)

p* < 0.05 was considered to be significant

Parameter Spearman r 95% confidence interval p* value (two-
tailed)

Age (year) − 0.06619 − 0.2556 to 0.1281 0.4920
Stone size (mm) 0.6098 0.4726 to 0.7181 < 0.0001
Degree of hydronephrosis 

(grade)
0.5788 0.4346 to 0.6941 < 0.0001

Table 4  Evaluation of the correlation between the mean dosage of 
radiation exposure and patient’s gender, other stone related param-
eters (Spearman)

p* < 0.05 was considered to be significant

Parameter Spearman r 95% confidence 
interval

p* value (two-
tailed)

Gender − 0.1693 − 0.3506 to 0.02418 0.0770
Lateralty 0.1101 − 0.08437 to 0.2965 0.2521
Location 0.0095 − 0.1834 to 0.2019 0.9208
Opacity 0.6428 0.5137 to 0.7434 < 0.0001
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mean radiation dosage increased in an inversely correlated 
manner (Table 4).

Discussion

With an overall incidence of 1–2%, pediatric urinary stone 
disease is often associated with high recurrence rates due to 
metabolic abnormalities, genitourinary anomalies and other 
certain factors requiring a close follow-up of each child on 
an individual basis [16–20]. Early assessment of the disease 
particularly in younger children is the most crucial part of 
the evaluation where radiologic imaging remains an integral 
part of the diagnosis as well as the management of sympto-
matic stones. Proper imaging using the appropriate means 
under required cautions is extremely important to limit the 
risk of radiation exposure particularly in this specific popu-
lation. Like in adult cases, sonography, NCCT or IVU and 
plain KUB radiographs are the modalities used in the evalu-
ation and follow-up of stones in children and depending on 
the type and also the number of the imaging modality used 
kids may receive excessive doses of radiation during the 
diagnostic evaluation of urinary calculi [8, 11].

Regarding the above-mentioned radiation exposure risk, 
highly limited data could be derived from the published lit-
erature focusing on the quantification of this exposure prior 
to the stone removal procedures in these cases. Unlike the 
adult cases, studies have clearly demonstrated that the radia-
tion exposure in these cases for any reason is an important 
issue due to the relatively longer lifespan and more radio-
sensitive tissues making them particularly vulnerable to the 
long-term effects of ionizing radiation [21]. The National 
council on Radiation Protection and Measurements Report 
of 2009 estimates that approximately 8–10% of CT examina-
tions in the USA were performed on children and concerns 
had been raised about the risks of increased radiation expo-
sure in these patients [22].

In the light of these facts, collaborative efforts between 
clinicians, radiation physicists, public health officials and 
industry representatives have led the use of ALARA prin-
ciple to limit the exposure as much as possible (particularly 
in pediatric population) and there is a widespread agree-
ment that reducing radiation exposure should be a public 
health priority particularly in specific groups of patients 
like, pregnant women and children [8–11, 23]. To limit the 
risk of radiation exposure to a certain extent particularly 
in emergency conditions, despite their relatively bad image 
qualities low-dose radiation CT protocols have been used 
with high sensitivity and specificity in pediatric patients with 
an estimated effective dose of as low as 0.5 mSv [11, 21]. 
However, higher risk of radiation hazard and the necessity 
of anesthesia in the majority of these cases for a reliable CT 

imaging constitute the main disadvantages of this technique 
in children.

On the other hand, USG is an excellent tool of diagno-
sis for urinary stones particularly in children presenting in 
an acute setting. Moreover, wide availability of the system, 
quick application, noninvasiveness, lack of ionizing radia-
tion and ability to define the anatomical changes in the uri-
nary tract are the additional advantages of this modality. In 
addition to its non-invasive manner associated with no risk 
of radiation; sonographic evaluation of urinary calculi in 
children may also offer some further advantages which may 
ease the diagnosis of the stones and the associated obstruc-
tion as well. Related to this subject, published data have 
clearly demonstrated that as a valuable parameter “the twin-
kling artifact” evaluated and noted during this examination 
may be useful for the early detection of the mid ureteric (as 
well as some smaller stones) that represent the most difficult 
location in sonographic stone detection. Moreover, twinkling 
sign may also be helpful in the diagnosis of ureteral stones in 
patients presenting with renal colic in the emergency setting 
[24]. Related with this issue again, colour doppler sonogra-
phy (CDU) in patients with renal colic and/or pelvicaliceal 
dilation was found to provide the advantage of improving the 
diagnostic accuracy of sonography in distinguishing obstruc-
tive from non-obstructive dilatation. Ureteral jet dynamics 
can be measured with CDU and this examination may pro-
vide information about ureteral peristaltism and as a useful 
adjunct to gray-scale ultrasound, Doppler ultrasound exami-
nation could ease differential diagnosis of ureteral obstruc-
tion from that of non-obstructive dilation. Moreover, due to 
the absence of contraindications and side-effects, CDU has 
been used for the follow-up of patients after ESWL, pregnant 
women and children [25, 26]. Last but not least, by providing 
size measurement KUB is useful in follow-up of patients 
with nephrolithiasis. Studies using a combination of USG 
and KUB have revealed a high sensitivity (79%) for direct 
detection of calculi and 100% sensitivity for indirect signs 
[21, 22].

Among the possible causes of higher radiation exposure 
before any planned definitive stone management, evaluation 
of these cases by different physicians during the same inter-
val seems to be the most important one. Due to the lack of a 
well established correspondence between these physicians 
children may undergo the same imaging modality for several 
times mostly in different but sometimes in the same hospital. 
Moreover, children referring to the emergency departments 
with pain complaints undergo a CT evaluation due to the 
common tendency of the physicians to accept them as “acute 
abdomen” cases and evaluate them from a general perspec-
tive (not to miss any particular underlying pathology in this 
specific population). Thus, considering the facts mentioned 
above, ultimate diagnosis of stone disease in children (par-
ticularly in cases with obscure complaints) may take a long 
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time period during which inconclusive KUB evaluations 
may also be performed to a certain extent.

Regarding the use of NCCT evaluation in our group, 
based on the risk of high radiation exposure we do not 
perform this evaluation particularly in pediatric cases in 
a routine manner. However, as mentioned above although 
31 children out of 49 (63%) in our group referring directly 
to the ED with colic pain and abdominal distress symp-
toms required this evaluation in the differential diagnosis 
of stone disease¸ a couple of cases also presented with this 
evaluation performed in other centers. Finally in a limited 
number of outpatient cases (23 cases out of 61 children 
(38%)) a NCCT evaluation was performed due to the sus-
picious accompanying small ureteric stone(s).

In accordance to the facts mentioned above, data 
obtained in our current study also demonstrated a mean 
2.72 ± 0.52 mSv dosage of radiation exposure in the chil-
dren during the evaluation period before SWL manage-
ment. Additionally our results showed that children in our 
group do undergo a mean 0.88 ± 0.10 number of CT evalu-
ation, 4.10 ± 0.27 KUB and 0.30 ± 0.05 IVP evaluations 
prior to SWL treatment. When we evaluated the risk of 
radiation exposure in our group from different aspects our 
findings demonstrated well that the mean exposure value 
to radiation was higher in children referring to ED than 
the other cases referring to OD. The main reason for this 
finding was the higher mean number of CT evaluation ses-
sions performed possibly due to the established attitude of 
the physicians to outline the cause of colic pain in a quick 
and reliable manner. This observation has been further 
supported by our observation with no significant differ-
ence regarding the use of other modalities (KUB, IVU) 
performed prior to SWL management. On the other hand 
again, stone size as well as the degree of upper tract dilata-
tion have been found to be important factors on this aspect 
with a significant positive correlation between the mean 
radiation exposure values and the mean values of these 
factors. As the size of the stone and the degree of dilation 
increased the mean value of radiation exposure did also 
increase in a parallel manner. This might be again well 
explained by the need of multiple radiological evaluation 
sessions required for the detection of the exact stone con-
figuration located in different parts of the kidney and also 
for the assessment of best treatment modality to remove 
such large calculi. Additionally, dilated systems do often 
require integrated radiologic evaluation in an attempt to 
outline the cause and degree of this dilation during both 
diagnosis and also follow-up of such cases. Dilation of 
upper tract demonstrated on sonography requires a con-
trast based imaging in majority of the cases to outline and 
evaluate the collecting system. Finally, a negative signifi-
cant correlation was present between the mean radiation 
exposure values and the opacity of the stones treated. As 

the opacity of the stone decreased mean radiation dosage 
increased in an inversely correlated manner. This might 
be well explained with the need of multiple X-ray based 
radiological evaluations (including non-contrast CT) to 
outline the exact location of the stone along with the actual 
status of the upper tract collecting system in children with 
semi-opaque or non-opaque stones for a proper diagnosis 
of these stones.

As a result, it is essential that urologists should collabo-
rate with radiologists, emergency room physicians and other 
relevant departments to balance the theoretical risks and 
practical benefits of ionizing radiation in the diagnosis of 
stone disease in an appropriate manner. However, despite 
all these concerns and careful approaches, it is clear that 
children with renal stones may expose to a varying doses 
of radiation beginning with the diagnostic evaluation phase 
prior to stone removal procedures for some certain reasons. 
Among the main underlying reasons for this condition, the 
evaluation of the cases with the same imaging modalities 
performed in different but sometimes in the same hospitals 
by the physicians without a well correspondence with each 
other. Additionally, children referring to emergency depart-
ments with obscure and vague symptoms are usually evalu-
ated from a general perspective during which radiologic 
evaluation may cause unnecessary radiation exposure until 
final diagnosis of urinary stones is done. Taking all these 
facts into account, the risk of radiation and related prob-
lems could be minimized by performing sonography as the 
first and safest imaging modality particulary in these cases. 
When we include the additional risk of radiation exposure 
during the management as well as the follow-up of these 
cases the importance of sonographic evaluation gains further 
importance. If the aim is maximum safety and minimum risk 
of radiation exposure, the unnecessary use of NCCT evalua-
tion (as well as IVU) should be avoided and performed only 
in cases where a final diagnosis could not be made with 
KUB and sonographic examinations. Any physician dealing 
with a child with stone(s) should obtain a detailed history 
particularly focusing on the previously performed radiologic 
evaluations in an attempt not to repeat them and increase 
the radiation exposure. Additionally, when necessary, they 
should get in touch with the previous responsible physician 
to obtain detailed information both about the course of the 
disease as well as the imaging modalities used so far. Last 
but not least, we believe that this problem could be best 
solved by evaluating, treating and also following these chil-
dren in a center where all relevant experienced physicians 
are working together with a well established cooperation. 
Unnecessary performance of such radiological evaluations 
carrying high radiation risk could be avoided and the work 
load of the responsible physicians could be lowered with 
this approach.
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Conclusions

In light of the increased awareness for the potential risks of 
ionizing radiation in pediatric patients, unnecessary use of 
X-ray based imaging modalities should be avoided in chil-
dren with stones beginning from the diagnostic phase before 
any stone treatment modality. However, as the conventional 
NCCT is still over utilized even during the evaluation period 
in pediatric cases with stones, the risk of radiation exposure 
could be limited with the common use of KUB and USG 
combination particularly in children with recurrent stone 
disease.
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