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Background: Pediatric extracorporeal shock wave lithotripsy (ESWL) is widely 
used, but the optimal energy-delivery strategy remains uncertain. Adult data 
suggest that stepwise energy escalation may enhance fragmentation and limit 
tissue injury; pediatric evidence is limited.
Methods: We conducted a single-center retrospective cohort of 81 children 
treated with ESWL using either a stepwise energy protocol (n = 41) or a 
conventional fixed-energy protocol (n = 40). The stepwise protocol began at 
10 kV with 1 kV increases every 250 shocks up to 13 kV (maximum 3,000 
shocks per session); the conventional protocol used a fixed 13 kV. Primary 
outcome was 3-month stone-free status, defined as no visible stones on 
follow-up imaging, excluding fragments ≤3 mm. Secondary outcomes 
included stone-free status after the first session, number of sessions, auxiliary 
procedures, and complications.
Results: After the first session, stone-free status was observed in 73.2% (30/41) 
with the stepwise protocol vs. 55.0% (22/40) with the conventional protocol. 
At 3 months, rates were 95.1% (39/41) vs. 87.5% (35/40). When fragments 
≤3 mm were considered clearance, overall rates were 97.6% (40/41) vs. 95.0% 
(38/40). More children achieved clearance in a single session with the 
stepwise protocol (30 vs. 22). Auxiliary ureteroscopy was required in 1 vs. 2 
cases. Only minor, self-limited events (hematuria, transient pain/colic) 
were reported.
Conclusion: Stepwise energy escalation was associated with numerically higher 
clearance and fewer sessions than fixed-energy ESWL, without added morbidity. 
Prospective multicenter studies are needed to confirm these findings.
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Introduction

Pediatric urolithiasis is increasingly recognized worldwide, 

with rising incidence attributed to dietary patterns, metabolic 
risk, and broader imaging use (1, 2). When intervention is 

required, extracorporeal shock wave lithotripsy (ESWL) is widely 

used for appropriately selected stones because it is noninvasive, 
repeatable, and generally safe in children (3).

Despite its broad adoption, the optimal energy-delivery strategy 

for ESWL remains uncertain (4). In routine practice, some centers 
apply a fixed high energy throughout the session, while others use a 

stepwise escalation protocol designed to initiate fragmentation 

gently and then increase energy in a controlled manner (5).
Adult studies suggest that stepwise energy escalation can 

enhance fragmentation efficiency and reduce tissue injury 

compared with fixed-energy approaches (6). However, pediatric 
physiology, stone composition, and anesthesia considerations 

differ from adults, and children are particularly sensitive to 

session number and cumulative exposure (7, 8).
Evidence directly comparing stepwise vs. conventional fixed- 

energy ESWL in children is sparse, leaving a practical gap for 

clinicians who must choose a protocol in everyday care (9, 10).
To address this gap, we evaluated outcomes of stepwise vs. 

conventional fixed-energy ESWL in a single-center pediatric 

cohort. Our primary objective was to compare stone-free status at 
3 months; secondary objectives included stone-free status after the 

first session, the number of sessions required for clearance, the 

need for auxiliary procedures, and complications. We 
hypothesized that stepwise energy escalation would be associated 

with at least comparable safety and improved treatment efficiency 

relative to a conventional fixed-energy protocol.

Materials and methods

Study design and setting

This was a single-center retrospective comparative cohort of 

consecutive pediatric patients undergoing ESWL between 2008 
and 2017, conducted under institutional ethics approval. 

Reporting adheres to the STROBE guideline (11).

Participants and eligibility

All children (<18 years) treated with ESWL at our institution 
during the study period were screened. Patients were included if 

they underwent ESWL for renal or ureteral stones meeting standard 

institutional criteria: stone size ≤20 mm, absence of active urinary 
tract infection, no uncorrectable urinary obstruction distal to the 

stone, and no bleeding diathesis. Stones in the renal pelvis, upper 

and middle calices, and proximal ureter were considered suitable 
candidates; lower-pole stones were evaluated individually based on 

size and infundibulopelvic anatomy. All cases were reviewed at the 

biweekly multidisciplinary council meeting—convening pediatric 
nephrology, pediatric surgery, and urology—before treatment 

allocation (3, 9, 12). Standard exclusions were applied: active 

urinary tract infection, uncorrected urinary obstruction, bleeding 
diathesis or anticoagulation that could not be safely interrupted, 

pregnancy, and inability to complete follow-up imaging. 
Consecutive eligible cases were assigned to one of two 

contemporaneous treatment protocols (stepwise vs. conventional) 

according to routine practice at the time.

Interventions

Stone localization was performed in accordance with the ALARA 

principle: ultrasonography was used as the primary modality 

throughout the procedure for real-time, radiation-free monitoring. 
Fluoroscopy was applied only at the final step for definitive 

localization of radiopaque stones, using minimal pulsed low-dose 

exposure. This final ?uoroscopic image also allowed procedural 
documentation via the Dornier Compact Delta’s integrated interface 

with the institutional PACS system. Radiolucent stones were 

localized exclusively by ultrasonography (8, 13). Procedures were 
performed on a Dornier Compact Delta lithotripter 

(electromagnetic source) equipped with integrated ?uoroscopy and 

ultrasonography capabilities for stone localization (13). The decision 
for a repeat ESWL session was made based on imaging assessment 

performed at the 15-day follow-up visit. Patients with residual 

stones larger than 3 mm on plain radiography or ultrasonography 
were offered a repeat session. A minimum interval of two weeks 

between sessions was observed to allow resolution of any post- 

treatment renal edema or hematoma before retreatment (12, 14).
In the stepwise protocol, energy was initiated at 10 kV and 

increased by 1 kV every 250 shocks up to a maximum of 13 kV, 

with a maximum of 3,000 shocks per session. In the 
conventional protocol, a fixed energy of 13 kV was applied 

throughout the session, with the same maximum of 3,000 shocks.

All children were managed under institutional pediatric 
anesthesia and monitoring standards, with intravenous sedation/ 

analgesia administered at the discretion of the anesthesiologist, 

along with routine hydration. Coupling quality was checked 
throughout the procedure, and re-treatment sessions were 

scheduled based on clinical and imaging review.

Follow-up and imaging

Patients were reviewed at least every 15 days, consistent with 
institutional protocol to allow timely detection of residual 

fragments and guide retreatment decisions. Stone status was 

assessed in accordance with the ALARA principle: 
ultrasonography was used as the primary follow-up imaging 

modality for all patients. Plain radiography was reserved for 

radiopaque stones only when ultrasonographic assessment was 
inconclusive, thereby minimizing cumulative radiation exposure 

during the follow-up period. Definitive outcome assessment was 

performed at 3 months after the index ESWL session or after 
the final session when multiple sessions were required.

Outcomes and definitions

The primary outcome was the three-month stone-free rate 

(SFR), defined as the absence of visible stones on follow-up 
imaging, excluding residual fragments of ≤3 mm. The study 
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endpoint was three months from the index ESWL session; patients 
requiring multiple sessions completed all retreatment within 

this window.

Secondary outcomes included stone-free status after the first 
session, the number of sessions required to achieve clearance (one, 

two, or three), the need for auxiliary procedures, and the occurrence 

of complications within 30 days. Definitive clearance was defined as 
complete clearance or residual fragments of ≤3 mm (CIRF).

Complications within 30 days of each ESWL session were 

extracted from the medical record and summarized as n (%). 
Between-group comparisons of complication rates were 

performed using Fisher’s exact test.

Bias and confounding control

Because allocation re?ected routine practice rather than 

randomization, potential confounding by baseline differences 
was considered a priori. We compared baseline characteristics 

between groups and present outcomes with absolute counts and 

percentages. Given the sample size, adjusted analyses were 
exploratory only.

Statistical analysis

Continuous variables are summarized as medians with ranges 

(sessions per patient are reported as means); categorical variables 

as counts and percentages. Between-group comparisons used the 
Mann–Whitney U test for continuous variables and Fisher’s 

exact test for categorical variables. For key binary outcomes, 

effect sizes are presented as risk ratios (RRs) with 95% 
confidence intervals calculated by the log (Wald) method; 

single-group confidence intervals for proportions (figures) use 

the Wilson score method. Two-sided p values <0.05 were 
considered statistically significant. Analyses were performed with 

standard statistical software IBM SPSS Statistics for Windows, 

Version 24.0 (IBM Corp., Armonk, NY). (Final p values and 
confidence intervals are reported in the Results where applicable.)

Results

Participants and baseline

Eighty-one children were included (stepwise n = 41, 

conventional n = 40) with no exclusions or losses to follow-up. 
Baseline characteristics were similar between groups (Table 1). 

The stepwise group comprised 20/21 F/M (median age 7.7 years, 

range 1–15) and the conventional group 13/27 F/M (median age 
5.5 years, range 1.25–16). Median stone size was 0.87 cm (range 

0.3–1.7) vs. 1.03 cm (range 0.5–1.5) in stepwise and 

conventional groups, respectively (Table 1).

Primary outcome

The primary outcome, three-month stone-free rate, was 
achieved in 39 of 41 children (95.1%) in the stepwise group 

compared with 35 of 40 (87.5%) in the conventional group (RR 

1.09, 95% CI 0.96–1.23; p = 0.264) (Figure 1; Table 2).

Secondary outcomes

The distribution of sessions required for clearance was 30/ 

10/1 (one, two, or three sessions) in the stepwise group and 
22/13/5 in the conventional group (Figure 2; Table 3). Mean 

sessions per patient were 1.29 and 1.58, respectively, 

indicating that a greater proportion of children in the 
stepwise group cleared in a single session (30/41 vs. 22/40) 

(Figure 3). Between-group risk ratios with 95% confidence 

intervals are summarized in Figure 4.
When clinically insignificant residual fragments 

(CIRF) ≤ 3 mm were considered clearance, definitive clearance 

rates were 40/41 (97.6%) vs. 38/40 (95.0%) (Figure 5; Table 2).
Minor, expected post-ESWL events were common and similar 

between groups, including hematuria (87.8% vs. 85.0%) and 

transient colic (80.5% vs. 77.5%; both p > 0.7). No major 
complications, such as febrile urinary tract infection, 

TABLE 1 Baseline characteristics of children undergoing stepwise vs. conventional ESWL.

Variable Stepwise 
(n = 41)

Conventional 
(n = 40)

p

Female sex, n (%) 20 (48.8) 13 (32.5) 0.16*

Age, years, median 

(range)

7.7 (1–15) 5.5 (1.25–16) 0.07†

Stone size, cm, 

median [range]

0.87 (0.3–1.7) 1.03 (0.5–1.5) 0.21†

Values are median (range) or n (%). p-values by:

*Fisher’s exact test (categorical) and

†Mann–Whitney U test (continuous). ESWL, extracorporeal shock wave lithotripsy. Stone 

location, number, and primary/secondary status were not systematically recorded in the 

source dataset and could not be compared between groups; the minimum stone size of 

0.3 cm in the stepwise group re?ects an individual clinical decision made at the 

multidisciplinary council.

FIGURE 1 

Stone-free rate at 3 months in stepwise and conventional groups 
with 95% Wilson confidence intervals. Percentages are shown 
above bars; n indicates group size. ESWL, extracorporeal shock 

wave lithotripsy.
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Steinstrasse, emergency visits, or hospitalization, occurred in 

either group (Table 4). One auxiliary ureteroscopy was required 
in the stepwise group and two in the conventional group (Table 3).

Discussion

In this single-center cohort of children undergoing ESWL, a 

stepwise energy-escalation protocol was associated with higher 
stone-free rates and fewer treatment sessions than a 

conventional fixed-energy protocol, without an apparent 

increase in morbidity. The direction and magnitude of effect 
were consistent across early (after the first session) and 

definitive (3-month) assessments, and the signal remained when 

clearance included clinically insignificant residual fragments 
≤3 mm. Although group differences did not reach conventional 

levels of statistical significance in this sample, the pattern of 

benefit was coherent and clinically meaningful—particularly the 

greater proportion of children cleared after a single session.

Interpretation and potential mechanisms

A gradual rise in energy may promote controlled nucleation and 

crack propagation while limiting early tissue stress, thereby 

improving fragmentation efficiency (15, 16). In children, who have 
smaller body habitus and may require sedation or anesthesia, an 

approach that maximizes early fragmentation can translate into 

fewer repeat sessions, less cumulative exposure to anesthesia, and 
reduced burden on families and services (17). The comparable 

safety profile observed here suggests that stepwise escalation does 

not trade efficacy for complications. These minor effects are 
expected after ESWL and were not clinically significant; 

importantly, no major complications were observed in either protocol.

FIGURE 3 

Stone-free rate after the first ESWL session in stepwise and 
conventional groups with 95% Wilson confidence intervals. 
Percentages are shown above bars; n indicates group size. ESWL, 

extracorporeal shock wave lithotripsy.

TABLE 2 Stone-free outcomes at first session and at 3 months, and definitive clearance including CIRF ≤3 mm.

Outcome Stepwise (n = 41) Conventional (n = 40) p

Stone-free after 1st session, n (%) 30 (73.2) 22 (55.0) 0.108

Stone-free at 3 months, n (%) 39 (95.1) 35 (87.5) 0.264

Definitive clearance incl. CIRF ≤3 mm, n (%) 40 (97.6) 38 (95.0) 0.616

Auxiliary ureteroscopy, n (%) 1 (2.4) 2 (5.0) 1.000

Values are n (%); p-values by Fisher’s exact test. SFR, stone-free rate; CIRF, clinically insignificant residual fragments (≤3 mm).

TABLE 3 Sessions required for clearance and need for auxiliary ureteroscopy.

Parameter Stepwise (n = 41) Conventional (n = 40) p

Sessions to clearance, 1st, n (%) 30 (73.2) 22 (55.0) 0.108

Sessions to clearance, 2nd, n (%) 10 (24.4) 13 (32.5) 0.610

Sessions to clearance, 3rd, n (%) 1 (2.4) 5 (12.5) 0.200

Sessions per patient, mean 1.29 1.58 0.620

Values are n (%) unless indicated. Percentages are within-group. p-values by Fisher’s exact test (rows 1–3) and Mann–Whitney U (mean sessions). Stepwise protocol: 10 → 13 kV (+1 kV/250 

shocks; maximum 3,000 shocks/session). Conventional protocol: fixed 13 kV (maximum 3,000 shocks/session). ESWL, extracorporeal shock wave lithotripsy.

FIGURE 2 

Sessions required for clearance in stepwise (n = 41) and conventional 
(n = 40) groups. Bars display the number of children; within-group 
percentages are provided in Table 3. ESWL, extracorporeal shock 

wave lithotripsy.
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Clinical relevance

From a pragmatic standpoint, the higher first-session 

clearance with stepwise energy escalation can shorten the care 

pathway, reduce imaging and clinic revisits, and limit 
ancillary procedures (12, 18). This aligns with North 

American guidance on modality selection and technical 

conduct of ESWL in children, including attention to session 
minimization and anesthesia exposure (19). Even modest 

relative gains are meaningful in pediatrics, where each 

additional session implies logistics for guardians, school 
absence, and repeated peri-procedural care (20, 21). Centers 

that already perform ESWL could adopt a standardized 

stepwise protocol with minimal change in equipment 
or staffing.

Context within existing literature

Adult series have suggested that stepwise (ramped) energy 

delivery enhances fragmentation and may reduce tissue injury 
compared with fixed-energy delivery (22). Pediatric reports are 

fewer and have largely emphasized modality choice (ESWL vs. 

ureteroscopy or percutaneous approaches) rather than protocol 
optimization within ESWL (23, 24). By focusing on how energy 

is delivered, this study adds practical evidence to an area where 

pediatric data remain limited (25, 26).

Sensitivity and robustness

Outcomes were consistent whether clearance was defined 

strictly as stone-free or inclusively with residual fragments 

≤3 mm. Session distribution also favored the stepwise protocol 
(more one-session clearances, fewer third sessions). These 

converging findings support the robustness of the observed 

pattern. It should be noted that the stepwise group had a 
somewhat smaller median stone size (0.87 vs. 1.03 cm), which 

FIGURE 4 

Risk ratios (RR) for stone-free outcomes comparing stepwise vs. conventional ESWL with 95% confidence intervals; the vertical dashed line denotes 
no difference (RR = 1). RR, risk ratio; ESWL, extracorporeal shock wave lithotripsy.

FIGURE 5 

Definitive clearance including CIRF ≤3 mm in stepwise and 
conventional groups with 95% Wilson confidence intervals. 
Percentages are shown above bars; n indicates group size. CIRF, 

clinically insignificant residual fragments; ESWL, extracorporeal 

shock wave lithotripsy.

TABLE 4 Post-ESWL events within 30 days (minor expected effects).

Event Stepwise 
(n = 41), n (%)

Conventional 
(n = 40), n (%)

p

Hematuria 

(self-limited)

36 (87.8) 34 (85.0) 0.791

Pain/colic 

(transient)

33 (80.5) 31 (77.5) 0.808

ESWL, extracorporeal shock wave lithotripsy. Minor, expected post-ESWL effects were 

common and comparable between groups. No major complications (febrile UTI, 

Steinstrasse, emergency visit, hospitalization) occurred in either group. p-values by 

Fisher’s exact test.
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may have contributed to the higher single-session clearance rate 
observed in that group. This imbalance, inherent to the 

retrospective non-randomized design, limits causal interpretation 

and is acknowledged as a limitation.

Limitations

Several limitations merit emphasis. First, the retrospective 

design is subject to selection bias and unmeasured confounding; 

allocation re?ected routine practice rather than randomization. 
Second, this was a single-center study, which may limit 

generalizability. Third, although baseline characteristics were 

broadly similar, minor imbalances (for example, stone size) 
could bias effect estimates. Fourth, complications were extracted 

from records without systematic adjudication, limiting granular 

safety comparisons. Fifth, follow-up centered on 3-month 
imaging; longer-term recurrence and functional outcomes were 

beyond scope. Finally, the study was not powered a priori; no 

prior pediatric data on stepwise vs. conventional ESWL were 
available to inform a formal sample size calculation at the time 

of design. Post-hoc power analysis revealed 22.9% power to 

detect the observed difference in the primary outcome (3-month 
SFR: 95.1% vs. 87.5%; Cohen’s h = 0.28), with an estimated 214 

patients per group required to achieve 80% power for this effect 

size. The absence of a priori power calculation is, however, not 
uncommon in single-center retrospective pediatric ESWL series, 

where patient numbers are inherently limited by disease 

prevalence. Additionally, stone location, number, and primary/ 
secondary status were not available in the source dataset and 

could not be compared between groups; these variables may 

in?uence stone-free rates and represent an important limitation 
of this retrospective analysis.

Strengths

Strengths include a clearly defined pediatric cohort treated 

with standardized protocols on the same platform, prespecified 
and clinically relevant endpoints, and consistent imaging-based 

follow-up. Reporting aligns with STROBE, and results are 

presented both as absolute counts and effect estimates to 
aid interpretation.

Implications and next steps

In line with contemporary European guidance, standardized 

reporting of ESWL parameters and protocolization of energy 
ramping may improve comparability and quality of care (12). 

These data support stepwise energy escalation as a reasonable 

default for pediatric ESWL where equipment and expertise are 
available (27, 28). Future research should include prospective, 

preferably multicenter, comparative studies with standardized 

definitions of clearance (and an a priori threshold, such as 
3 mm), uniform complication grading, and patient-centered 

outcomes (pain, school absence, quality of life); similar protocol 

heterogeneity has limited evidence synthesis in focused-ESWT 
for low-back pain (29, 30). Cost-effectiveness, radiation 

exposure, and anesthesia burden are additional priorities. 
A randomized design would best address residual confounding 

and clarify which children benefit most (e.g., by stone size, 

location, or composition).

Conclusion

In this retrospective cohort, stepwise energy escalation was 
associated with numerically higher stone clearance and fewer 

treatment sessions compared with conventional fixed-energy 

ESWL, with similar safety. However, none of the between-group 
differences reached statistical significance, and the study was 

underpowered to detect small effect sizes. These findings are 

hypothesis-generating and should be interpreted accordingly. 
Prospective multicenter studies with adequate sample size are 

needed to confirm whether stepwise escalation confers a 

meaningful clinical advantage in children.
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