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Abstract

Objective To assess the effect of artificial hydronephrosis on the result of shock wave lithotripsy (SWL) in preschool children.
Materials and methods A prospective randomized trial was performed between January 2013 and January 2017 with 300
pediatric patients, having kidney stones with a size of 1-2 cm and a density of 750-1100 HU. The patients were randomized
into two groups: group A, in which a ureteric catheter was fixed and artificial hydronephrosis was performed by fluid irriga-
tion prior to SWL, and group B which did not undergo hydronephrosis. SWL outcomes were compared between two groups.
Results In total, 153 cases were assigned to group A, and 147 cases were assigned to group B. Regarding demographic data,
there was no statistically significant difference between the two groups. There were also no statistically significant differences
in the number of shocks and energy power needed for each group. The results of SWL after the first session favored group
A with a stone-free rate (SFR) of 90.8% vs. 75.5% for group B. The SFR after SWL was significantly in favor of group A
(94.1%) vs. (86.4%) for group B.

Conclusion The use of an artificial hydronephrosis technique to make interface around the stone improves stone-free rate
and decreases the need for retreatment after SWL.
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Introduction

Extracorporeal shock wave lithotripsy (SWL) is cur-
rently a first-line procedure for most upper urinary tract
stones < 2 cm in size because of its established success rates,
minimal invasiveness and long-term safety with minimal
complications [1, 2]. Despite these advantages, SWL has the
considerable disadvantage of a low success rate after the first
session. Repeated SWL is commonly necessary to achieve
complete clearance [3, 4]. Moreover, after these multiple
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sessions, the failure rate is expected to be between 10 and
30% [3, 5, 6].

In children, residual stones are associated with more
adverse clinical outcomes than in adults [7]. As repeat
SWL requires additional anesthesia and more stress on the
child and his or her family, many urologists prefer to use
other minimally invasive procedures, including percutane-
ous nephrolithotripsy (PCNL), mini PCNL, micro PNL,
ultra-mini PCNL and retrograde intrarenal surgery (RIRS).
These procedures have a higher success rate after one ses-
sion; however, the degree of invasiveness is still higher than
that of SWL because these procedures require either renal
or ureteric manipulation.

In our study, we investigated the outcome of creating a
hydronephrotic kidney and applying stone irrigation during
SWL. We think that this procedure may achieve a higher
success rate than traditional SWL and lower morbidity than
the other invasive procedures. We selected children with
high-density renal stones that were expected to be resistant
to traditional SWL based on preoperative computed tomog-
raphy (CT).
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Patient and methods

This study was a prospective randomized controlled study
of pediatric patients aged 1-6 years who had renal stones
amenable to SWL and presented at our hospital from Janu-
ary 2013 to January 2016. These participants fulfilled the
following inclusion criteria: renal stones sized (1-2 cm)
and stone density from 750 to 1100 H.U.

Eligible patients were randomized using sealed opaque
envelopes to an SWL with artificial hydronephrosis group
or a non-hydronephrotic group. Randomization was per-
formed in the clinic. The study protocol was approved by
the hospital ethics committee. Informed consent, to the
procedure and possible complications, was obtained from
all parents.

We excluded children who underwent renal surgical
procedures before SWL, had an active urinary tract infec-
tion, had an uncorrected bleeding disorder, had distal
obstruction to the stone, were unfit for general anesthesia
or previously undergone unsuccessful SWL.

This study had two groups:

Group A: consisted of 153 pediatric patients who under-
went artificial hydronephrosis.

Group B: The control group consisted of 147 pediatric
patients who did not undergo artificial hydronephrosis.

Statistical analysis

Continuous variables were recorded as the means with SDs,
and categorical variables were recorded as frequencies. Dif-
ferences between the groups were assessed using Student’s
t test for continuous variables, and the Chi-square test for
categorical variables with P value <0.05 indicating signifi-
cance. All statistical analyses were performed using IBM
statistical software version 16 (Chicago, IL, USA).

Considering a type 1 statistical error less than 5%, a type
2 statistical error less than 20%, a possible drop-out rate of
10% and based on previous reports [8, 9], the difference in
first session success rate between the two groups was 15%. A
total sample of 320 patients was selected, with 160 patients
in each group. Figure 1 shows the flow of patient selection
throughout the study.

Assessed for eligibility (n= (320)

[ Enrollment ]

Excluded (n= 14)

A 4

+ Not meeting inclusion criteria (n=10)
+ Declined to participate (n=3)
+ Other reasons (n=1)

Randomized (n=306)

v
Y [ Allocation 1 Y
Allocated to group A (n=155) Allocated to group B (n= 151)
+ did not receive allocated intervention (n= 2) + did not receive allocated intervention (n= 4)
v [ Follow-Up ] v
Lost to follow-up (n= 0) Lost to follow- up (n=0)
[ Analysis ]

Analysed (n=153)
+ Excluded from analysis (n=2)

Analysed (n= 147)
+ Excluded from analysis (n=4)

Fig. 1 Consolidated Standards of Reporting Trials ( CONSORT) diagram for patients flow through the study
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Technique

After informed consent was obtained from the parents,
the patients were placed under general anesthesia, and a
4F ureteric catheter was fixed using pediatric cystoscopy,
manipulated to be in renal pelvis, and the external part of
the ureteric catheter was fixed to a Foley catheter for immo-
bilization during SWL and then connected to a continuous
inflow of fluid (saline 0.9%) elevated to 100 cm above the
SWL table level to create ipsilateral renal hydronephrosis
in the group (A) patients just before the SWL session (con-
firmed by ultrasound; the grade of hydronephrosis ranged
from grade 1 to grade 2). The ureteric catheter was kept in
place for one day post SWL to be removed with urethral
catheter in the outpatient clinic during follow-up. In the
group (B), SWL began after general anesthesia without this
step.

The Dornier Gemini lithotripter® is a fully integrated
electromagnetic shockwave source, with fluoroscopic and
ultrasonic guidance is used.

Energy level (E 12 mm): the effective energy in the focal
plane was delivered to an area of 12 mm diameter and meas-
ured in mJ. We started at E1 (the lowest level which equals
16.0 mJ) and increased gradually until we reached energy
level ES (which equals 41.0 mJ). We started the session
slowly to obtain the best results without exceeding 75 J.

All patients were treated in the supine position. The
stone was localized via ultrasound in all cases of the study;
fluoroscopic localization was not used to minimize the risk
of radiation.

The SWL session usually starts at E1 for the first 250
shocks and then moves to the next level for the next 250
shocks, and the voltage is then gradually increased up to a
maximum of E 5.

The shock waves were delivered at a rate of 70 shocks/
min. The number and energy of the shock waves used were
modified until adequate fragmentation was achieved or the
maximum number of shocks was reached. A maximum of
2600 shocks or 75 J energy of shock waves was planned for
each session.

All the patients were followed up after 2 weeks by ultra-
sound and plain urinary tract film (KUB) to assess the need
for another session of SWL. Low-dose non-contrast CT was
performed 3 months post treatment to assess stone-free sta-
tus, which was defined as no detectable stone on low-dose
non-contrast CT.

Results

The patient demographics and stone characteristics are
shown in Table 1. The mean ages of both groups were com-
parable (3.9 years) in group (A) and (3.6 years) in group (B),
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Table 1 Patient demographics and stone characters
Group A Group B P value
Number 153 147
Age (years) Mean 3.9 3.6 0.6
Male: female 80:73 71:76 0.623
Stone size 123 mm=+2.7 129 mm=+2.5 0.153
Stone density 967 HU+102.6 954 HU=+112 0.182
Number of shocks 2353+ 120 2381+153 0.472
Power energy 532MJ+15.7 559MJ+164  0.73
Table 2 Results of first session of SWL
Group A Group B P value
Disintegrated stone 12.1 mm=+2.3 9.8 mm+1.9 0.001
size
Disintegrated stone 905+89.9HU  790HU=+75.5  0.0001
density
Number of shocks 2293 +135 2300+ 160 0.521
Power energy 522MJ+157 574MI+164  0.32

Stone free rate 140/153 (90.8%) 111/147 (75.5%) 0.001
Site of stone
Renal pelvis 87 (96.6%) 79 (84.9%) 0.001
Upper calyx 20 (83.3%) 14 (63.6%) 0.001
Middle calyx 19 (79.1%) 13 (52%) 0.001
Lower calyx 14 (56%) 5(22.7%) 0.0001

with no significant difference (P value 0.6). There was no
statistically significant difference in sex distribution between
the two groups (P=0.623).

The stone size and density were comparable between the
two groups, as shown in Table 1. Regarding the number of
shocks and energy power needed by each group, there was
no statistically significant difference between the groups.

Table 2 shows the results of the first session of SWL,
which impressively favored group A—SFR 90.8% vs. 75.5%
for group B.

The stone-free rate 3 months after SWL was significantly
in favor of group A—94.1% vs. 86.4% for group B (Table 3).

As the results of SWL differed according to the site of
renal stone, we compared the stone-free rates of the two
groups according to the site of the kidney stone (Table 3).

Postoperative complications were nausea and vomit-
ing in 5 and 4 cases in groups A and B, respectively. They
were managed conservatively with antiemetic drugs. Fever
occurred in two cases in each group. They were managed
conservatively with antipyretics (paracetamol) and antibiot-
ics (amoxicillin).

Only one case in group B presented with obstruction of
the kidney; low-dose non-contrast CT revealed steinstrasse
in the lower third of the left ureter. Ureteroscopy was
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Table 3 Stone-free rate after 3 months according to the site of the stones in the kidney

Site A SFR (A) (%) Re-treatment % B SFR (B) (%) Re-treatment % P value
Stone pelvis 88/90 97.7 5(5.5%) 86/93 92.4 10 (10.7%) 0.79
Stone upper calyx 23/24 95.8 2 (4.1%) 19722 86.4 6 (27.2%) 0.15
Stone middle calyx 22/24 91.6 3(12.5%) 22/25 88 5(25%) 0.23
Stone lower calyx 21/25 84 5 (20%) 14/22 63.6 15 (68.1%) 0.001
Overall stone free rate 144/153 94.1 127/147 86.4 0.001

Table 4 Postoperative complications

Nausea Fever Stein strass Hematuria
vomiting

Group A 5 2 0 2

Group B 4 2 1 2

Total 9 4 1

performed, and the stones were extracted by dormia basket,
and the ureteric catheter was inserted for 5 day. Only two
cases, one in each group, presented by hematuria, which was
managed conservatively; there were no cases of hematoma
(Table 4).

Discussion

The treatment of urolithiasis in children has gained increased
attention from pediatric urologists, possibly due to the
increasing incidence of kidney and ureteral stones [10].

The reported action of shock waves on stone results from
the production of compressive and tensile forces at the
fluid—stone interface [11, 12]. The stone material is thereby
broken off in layers (spalling); if the outer fragmented layer
does not fall away during SWL, this delay the subsequent
fragmentation of deep layers by reflecting and diffusing the
shockwaves [13]. Therefore, we postulated that continuous
stone irrigation during SWL improves success in multiple
ways: (1) by increasing the fluid—stone interface, (2) by
irrigating stone fragments away from the deep layer, which
improved wave delivery to the non-fragmented part of the
stone, (3) by flushing out the stone fragments mechanically,
(4) by improving the drainage of the fragments as a result of
a catheter placement for 1 day after SWL.

In our series from the last 3 years, 300 children aged
1-6 years presented to our department with renal stones
amenable to SWL. This series is one of the largest pediatric
SWL series reported and, to the best of our knowledge, is the
largest reported pediatric series using the Dornier Gemini
lithotripter®.

Multiple studies have documented the efficacy of SWL in
children, with an overall stone-free rate of 79.9% reported at
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the 3-month follow-up [14—-16]. In other studies, the overall
stone-free rate was 95.8% for renal stones and 94.8% for
ureteral stones [17-19].

In our study, we discussed the effect of our technique
on increasing the stone-free rate; the overall success rate
for renal stones in both groups was 90.3%, with the stone-
free rate 3 months after SWL significantly favoring group
A (94.1% vs. 86.4% for group B). Additionally, the rates
were, 97.7% vs. 92.4% for stones located in the renal pelvis,
91.6% vs. 88% for middle caliceal stones, 95.8% vs. 86.4%
for upper caliceal stones and 84% vs. 63.6% for lower cal-
iceal stones.

The overall success rate in our study was similar to that
reported by other SWL series, in which stone-free rates
ranged from 75% to 98% in children [18]. However, we
found that the application of our new technique increased
the efficacy of SWL for renal stones regardless of their loca-
tion in the kidney.

Moreover, the results of the first session of SWL were
more favorable for group A, which had an overall SFR of
90.8% compared with 75.5% for group B. This means that
more than 15% of cases would not have required retreatment
or face the hazards of repeated anesthesia, which may com-
pensate for the invasive technique used in group A.

There are a number of factors that make comparisons
among SWL series difficult. A significant finding in this
pediatric series was the low stone-free rate in children with
lower caliceal stones; the success rate decreased from 89.8%
for mid-caliceal stones to76.5% in the lower caliceal group.
The retreatment rate for lower pole stones was higher than
that of stones in other locations, mainly because of the reten-
tion of fragments due to the dependent position of the lower
pole. Penn et al. [20] reported that the stone-free rate of
patients with lower pole stones was much lower than that
of patients with renal pelvic stones. Interestingly, we found
that our new technique decreased the retreatment rate for
renal stones in different locations; in particular, the rate of
retreatment for lower caliceal stones decreased from 68.1%
in group B to 20% in group A.

We found that all complications were mild, ranging from
vomiting to low-grade fever in a small number of cases,
with no statistically significant difference between the two
groups. Concerning the time required under anesthesia to
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fix the ureteric catheter, we believe the decreased need for
retreatment and the lack of complications compensates.

Limitation of study

Further studies with more patients in the same age group are
needed to consolidate the statistical results. The use of a ure-
teric catheter for 1 day may have an effect on the stone-free
rate, which we could not control. The invasive technique of
ureteric catheter insertion and fixation for 1 day may affect
the child’s quality of life, but such data were not reported
statistically.

Conclusions

Using an artificial hydronephrosis technique to change the
interface around the stone improves the stone-free rate and
decreases the need to retreat after SWL using Dornier Gem-
ini lithotripter® in preschool pediatric renal stone patients.
We believe that the invasiveness of the technique used in our
study was compensated by the high stone-free rate of the
first session which prevented the need for retreatment. We
recommend applying the new technique to large multicenter
series to obtain more accurate results.
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