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ABSTRACT 

Purpose: We studied the efficacy, functional outcome and morphological changes following 
extracorporeal shock wave lithotripsy (ESWL*) of renal calculi in a pediatric population. 

Materials and Methods: We prospectively evaluated 50 patients 2 to 12 years old (mean age 
7.64) undergoing ESWL with the Siemens Lithostar Plus. Functional outcome was assessed by 
comparing total and ipsilateral glomerular filtration rates before and after ESWL. Glomerular 
filtration rate was measured using Gates’ method on a 99”technetium-pentetic acid radionuclide 
renal scan corrected to body surface area times 1.73 m.2. Ultrasound was performed to assess 
morphological changes after ESWL. 

Results: The immediate fragmentation rate was 86% and the clearance rate was 82%. At the 
end of the study 40 patients were evaluable. Immediately after ESWL ultrasonography showed 
perirenal hematoma in 3 patients, intrarenal hematoma in 2 and subcapsular hematoma in 1. 
These changes resolved spontaneously at followup. There was no change in total or ipsilateral 
glomerular filtration rate at a mean followup of 31.7 months. Before and after ESWL 
total glomerular filtration rates were 86.58 2 12.43 and 86.27 t 12.82 ml. per minute per 1.73 
m.2, respectively. Treated kidney glomerular filtration rate decreased insignificantly from 40.58 
5 12.61 to 40.41 2 12.61 ml. per minute per 1.73 m.’ at 3 months. At the last followup the change 
in glomerular filtration rate was insignificant. 

Conclusions: ESWL is effective in the pediatric population, and it can be safely performed 
without long-term bio-effects on the function or morphology of the growing kidney. 
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Extracorporeal shock wave lithotripsy (ESWL) has revolu- 
tionized the approach to urinary calculi. The safety and effi- 
cacy of ESWL for the treatment of calculi have been well 
established in the adult population.13 Only 1 to 3% of uri- 
nary calculi occur in children and, therefore, it is difficult to 
accumulate sufficient data from a single lithotripsy center. 
However, due to limited experience apprehension persists 
about safety and functional outcome following ESWL in the 
pediatric population.2-4 

Reversible and dose dependent morphological and func- 
tional changes have been described in the adult kidney after 
ESWL.5.6 Irreversible renal fibrosis and permanent histolog- 
ical changes leading to hypertension have also been report- 
ed.1.7 Clinical and animal studies have been performed to 
examine the bio-effects of ESWL. In vitro study of the effects 
of lithotripsy on cell suspensions showed decreased viability 
but the viable cells recovered to attain a normal growth 

However, to date little information is known about 
the effects of shock waves on growing pediatric kidneys, and 
it is believed that these kidneys may fail to achieve antici- 
pated growth p~tent ia l .~  We performed this prospective 
study to assess the impact of ESWL on the function and 
morphology of pediatric kidneys. 

MATERIAL AND METHODS 

We assessed 50 patients 2 to 12 years old (mean age 7.64) 
with renal calculi treated with ESWL monotherapy between 
1989 and 1993. Only normotensive patients with normal 
renal function (corrected for age) before ESWL were included 
in the study. Patients requiring auxiliary procedures, such as 
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percutaneous nephrostolithotomy, ureteroscopy or open sur- 
gery, were excluded from study. Standard evaluation in- 
cluded patient age, sex, height, weight, stable blood pressure, 
serum creatinine, blood urea, and site and size of the stone. 
All patients underwent 99”technetium (Tc)-pentetic acid 
(DTPA) scintigraphy and ultrasound of both kidneys before 
ESWL. The size of the stone (mm.’) was calculated by a 
millimeter graph paper tracing of the anteroposterior stone 
projection on a plain skiagram. Patients with a known uri- 
nary tract infection received culture specific antimicrobials 
before ESWL. 

ESWL was performed with a Siemens Lithostar Plus using 
sedation or ketamine in 12 cases and without anesthesia or 
analgesia in the remainder. Fluoroscopy or ultrasound is 
used for stone targeting and shock waves are delivered by 
under or over table modules generated by an electromagnetic 
shock head. The under table module with a smaller coupling 
area and fluoroscopy for focusing were used for children. The 
problem of poor contact with skin due to a fwed 113 mm. focal 
length was overcome by interposing more than 1 gel disk 
between the body and shock head. Lung shielding was done 
routinely by placing a foam sheet in the part of the coupling 
area encroaching on the chest. Total shock waves, number of 
ESWL sessions and kilovolts received were recorded. A 
Double-Ji stent was left indwelling in children with staghorn 
calculi, stones greater than 625 mm.’ and an anatomical 
abnormality or ureteral calculus resulting in difficult stone 
visualization. A shock wave dose of less than 3,000 kV. per 
session was given. Evaluation was repeated after 1 and 4 
weeks, and ESWL was repeated as necessary. 

Morphological assessment of the kidneys following ESWL 
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TABLE 1. Demographic and ESWL data 

Study period 
No. pts.: 

Boys 
Girls 

Side: 
Rt. 
Lt. 

Pt. age (av.) 
Mean mos. followup 
No. shock waves 
kV. lav.) 
Mean No. shock wavedsession 
No. sessions: 

1 
2 
3 
4 
More than 4 

Av. No. sessiondpt. 
Stone size (mm.2): 

0-250 
250-500 
500-750 

% Pts. with auxiliarv umcedure 

5/90-1/94 
50 
28 
22 

26 
24 
2-12 Yrs. (7.64) 
31.7 
1,600-30,000 
14-18 (16.1) 
2,652 

6 Pts. 
17 Pta. 
7 Pts. 

11 Pts. 
9 Pts. 
3.18 

23 Pts. 
17 Pts. 
10 Pts. 
16 

was done by ultrasonography immediately after each session 
of ESWL, and at 3 months and 1 year after total stone 
clearance. Clearance status was assessed a t  3 months by a 
plain film of the kidneys, ureters and bladder, and catego- 
rized as complete clearance, insignificant residue of less than 
16 mm.2 or significant residue of more than 16 mm.’. Pa- 
tients were followed with radionuclide scanning using 99mTc- 
DTPA (5 mCi.kg.). Total and differential glomerular filtra- 
tion rates were calculated using Gates’ method. Glomerular 
filtration rate was corrected to patient body surface area 
times 1.73 mz. This method achieves adult glomerular fil- 
tration rate a t  2 years of age.9 99”Tc-DTPA renography was 
done at 3 and 12 months, and then annually following com- 
plete stone clearance. Student’s t test was used for statistical 
analysis. 

RESULTS 

The demographic data and details of stone management 
are shown in table 1. A total of 40 patients completed the 
study. Followup ranged from 12 to 42 months (average 31.7). 
A Double-J stent or ureteral catheter was required in 16 
cases (40%). The fragmentation rate was 86% and stone 
clearance rate a t  3 months was 76% (40 patients). Clearance 
rate for all 50 patients was 82%, including auxiliary proce- 
dures. Minimal complications included fever in 12 cases, 
ureteral colic in 15, hematuria in 12 and ecchymosis in 3. 

Morphological changes after the first ESWL session com- 
prised subcapsular hematoma in 3 patients, intrarenal 
hematoma in 2 and perirenal hematoma in 1, which re- 
solved spontaneously. The size of 3 renal units progres- 
sively decreased during followup of which 2 had ipsilateral 
vesicoureteral reflux. In these 2 cases prophylactic antimi- 
crobials were given throughout treatment and dunng 
followup. No morphological changes were detected at the 
last followup. 

Mean glomerular filtration rate of the treated kidneys a t  3 
months after complete stone clearance decreased from 40.58 
2 12.61 ml. per minute per 1.73 m.2 before ESWL to 40.41 -t 

12.54 ml. per minute per 1.73 m? 3 months after ESWL (not 
significant, p = 0.4761). Five of the 40 patienta (12.5%) had 
a decrease in ipsilateral glomerular filtration rate but there 
was no significant change in the mean ipsilateral rate, in- 
cluding 3 with a less than 10% decrease. However, in 2 
patients with vesicoureteral reflw glomerular filtration rate 
decreased. ARer ESWL total glomerular filtration rate did 
not change significantly on radionuclide scans (table 2). 

DISCUSSION 

The 82% clearance rate confirms the efficacy of ESWL in 
the pediatric population. Stone clearance after ESWL ranges 
from 75 to 97% in adults, and clearance rates are lower for 
caliceal than pelvic calculi.1o However, the clearance and 
re-treatment rates, need for anesthesia and bio-effects vary 
with the type of shock wave (lithotriptor). 

The safety of ESWL is being challenged by many recent 
studies describing acute morphological changes aRer 
ESWL.11-15 Long-term sequelae are not known but the effects of 
these changes may be significant in growing kidneys.” Renal 
fibrosis and permanent histological changes leading to in- 
creased mean arterial pressure have been reported.l.7 The 
number of shocks and kilovolts administered is being postu- 
lated as proportional to the renal damage.7.16.17 Various renal 
injuries have been documented with all types of lithotriptors. 
The spectrum of damage in animal models ranges from peri- 
nephric hematoma to gross corticomeddary hemorrhage.12,14 
Acute morphological changes following ESWL have been shown 
by sonography, computerized tomography and magnetic re- 
nance imaging.8. l9 Electrohydradic and electromagnetic litho- 
triptors cause significant subcapsular hematoma, while piezo- 
electric lithotripsy results in a minimal amount of acute focal 
necmsis.20 Animal studies have shown that lung parenchyma 
can be severely injured when exposed directly to shock waves.** 
Kaudelz and Williams” et al demonstrated changes in 639 of 
kidneys on magnetic resonance imaging performed immedi- 
ately aRer ESWL, while Rubm et al observed renal damage 
after ESWL in the form of increased septal bonds and thicken- 
ing of Gerota’s fa~cia.1~ Long-term ultrasound followup of our 
patients did not demonstrate any significant morphological 
change despite the mean shock wave dose, which was  high 
compared to that of previous studies.12.m The size of 3 renal 
units progressively decreased but further investigation, includ- 
ing a voiding cystogram and urine cultures, revealed 2 with 
grade 3 5  reflux of the ipsilated unit. Thus, the decrease in 
renal size was not solely due to ESWL. However, in 1 patient 
renal size continued to decrease. 

It has been hypothesized that the shock wave dose should 
not exceed 2,000 to 3,000 kV. per session.I2 However, the 
optimal shock wave dose varies with the type of lithotriptor 
(shock wave). Mean shock wave dose per session is 1,200 kV. 
for HM3, 3,500 kV. for piezoelectric and 3,600 kV. for elec- 
tromagnetic l i t ho t r ip t~ r s .~~-~6  However, Thomas contra- 
dicted the correlation of shock wave dose and decrease in 
renal plasma flow, and proposed a total safe shock wave dose 
of 1,500 kV.27 The higher total dose required by our patients 
may be due to the calcium oxalate monohydrate composition 
of stones in our geographical area.28 We have not detected a 
significant persistent morphological change after a mean 
followup of 31.7 months even at the higher shock wave dose. 

Kaude et al attempted to establish the fimctional outcome of 

TABLE 2. Radionuclide scintigmphy data showing glomeruhr filtration rate before and a@r ESWL 
After ESWL (ml./min./1.73 m.2 t SD) 

Before ESWL 

m.* z SD) 
Glomerular (ml Jmin.11.73 p Value 

I3 mosll 5 7 . )  3 Mos. 1 Yr. Last Followup Filtration Rate 

85.27 2 12.72 86.27 t 12.82 87 58 C 12.0 0.3U0.33 
0.47/0.41 40.41 2 12.54 40.94 ? 12.61 41.41 2 12.54 

86.58 ? 12.43 Total 
Ipsilat. 40.58 % 12.61 
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renal units after ESWL by quantitative (hippurate) radionu- 
clide renal scan, and showed that changes in total and ipsilat- 
eral effective renal plasma flow rates were not significant, al- 
though the percent effective renal plasma flow of the treated 
kidney decreased significantly.12 Corbally et al also reported 
that a 15% decrease in glomerular filtration rate of the treated 
units aRer ESWL was not statistically significant.29 Chaussy et 
al demonstrated significant improvement in renal function 1 
year after ESWL30 but Williams et a1 had contradictory re- 
~ults.1~ In our 40 patients (mean followup 31.7 months) mean 
ipsilateral glomerular filtration rate of the treated kidneys did 
not change sigdicantly at long-term followup, although 5 renal 
units had a decreased ipsilateral rate (table 2). While 3 of the 
5 units had a less than 10% decrease, which is considered 
within the technical limits of repeated calculation 2 had 
a persistent decrease of greater than 10%. However, these 2 
units had vesicoureteral reflw as well as decreased size and, 
therefore, these findings can be attributed to reflux. 

CONCLUSIONS 

Our study demonstrates that  ESWL is safe and effective in 
the pediatric population. No significant morphological or 
functional changes were noted at long-term followup. Acute 
changes after ESWL in a few patients resolved spontane- 
ously. However, a larger study will give a definitive answer. 
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