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Abstract

Background: Extracorporeal shock wave lithotripsy (ESWL) is an established non-invasive treatment for selected renal calculi. Accurate
stone localization is essential for effective shock-wave delivery. Fluoroscopy has traditionally been used for targeting, while ultrasound offers
real-time localization without ionizing radiation. Evidence comparing the two approaches remains heterogeneous. The objective is to
compare the efficacy and safety of fluoroscopic (FS)-guided ESWL with ultrasound (USG)-guided ESWL for renal stones up to 20 mm.
Material and Methods: This prospective randomized single-centre study was conducted at the Department of Urology, Pt. B.D. Sharma
PGIMS, Rohtak, from January 2024 to December 2025. Adults with a single renal stone measuring 5-20 mm and eligible for ESWL were
randomly allocated to FS-guided or USG-guided treatment (65 patients per group). Stone characteristics, shock frequency, energy, procedure
duration, number of sessions, treatment outcome and post-procedural complications were assessed. Treatment success was defined as stone-
free status or residual fragments <4 mm (clinically insignificant residual fragments). Results: The two groups were comparable at baseline
with respect to age, sex, renal laterality, stone location, skin-to-stone distance, stone size and stone density. Treatment success was
significantly higher with FS-guided ESWL than with USG-guided ESWL (83.1% vs 67.7%; p=0.042), with corresponding failure rates of
16.9% and 32.3%. Shock frequency, energy requirements and procedure duration did not differ significantly between groups across sessions.
Overall pain intensity was similar (p=0.757), as was hematuria (3.1% vs 4.6%; p=0.999). No cases of urosepsis or steinstrasse were reported
in either group. Up to three ESWL sessions were used, and the thesis reported no significant difference in the need for ancillary procedures.
Conclusion: In this study population, FS-guided ESWL achieved a higher treatment success rate than USG-guided ESWL, while both
approaches demonstrated comparable procedural parameters and short-term safety outcomes. USG-guided ESWL remains a clinically useful
alternative when fluoroscopy is undesirable or unsuitable. Larger multicentre randomized studies with longer follow-up, radiation-dose
assessment and cost-effectiveness analysis are warranted.
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INTRODUCTION

Urolithiasis is a common urological condition, and  localization because it provides rapid visualization and is

extracorporeal shock wave lithotripsy (ESWL) remains an
important non-invasive treatment option for appropriately
selected renal stones. The technique fragments calculi
through externally generated shock waves and can be
performed with limited invasiveness and short recovery.
Contemporary guidance and clinical practice continue to
use ESWL for selected renal stones, particularly when stone
size, location and patient-specific factors are favourable.[*-3:
The effectiveness of ESWL is influenced by stone size and
composition, stone density, skin-to-stone distance, renal
anatomy, stone location, patient positioning, respiratory
movement and the ability to maintain accurate targeting
throughout treatment.>® Lower-pole anatomy may be
particularly relevant because infundibular dimensions and
the infundibulopelvic angle can influence fragment
clearance.[®!

Precise imaging guidance is therefore central to ESWL.
Fluoroscopy has traditionally been used for stone

incorporated into many lithotripter systems. Ultrasound has
increasingly been used as an alternative targeting modality, with
the advantages of real-time imaging and avoidance or reduction
of ionizing radiation exposure. Ultrasound can also facilitate
localization of stones that may be difficult to visualize
fluoroscopically.[*15-22]

Comparative evidence, however, is inconsistent. Some studies
have reported similar outcomes or non-inferiority of ultrasound-
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guided ESWL, whereas other studies have demonstrated
higher success with ultrasound or fluoroscopy depending on
patient and stone characteristics.[*>-?21 A systematic review
also found that ultrasound guidance generally produced
comparable safety outcomes, although differences in stone-
free rates were inconsistent across studies.™*]

The present study was undertaken to compare FS-guided
and USG-guided ESWL for renal stones up to 20 mm, with
particular emphasis on treatment success, post-procedural
complications and procedural characteristics.

Aim and Objectives

Aim: To compare the efficacy and safety of fluoroscopic-
guided ESWL with ultrasound-assisted ESWL for renal
stones.

Primary objective: To compare treatment success/stone-
free outcome after FS-guided versus USG-guided ESWL
for renal stones up to 20 mm.

Secondary objectives: To compare post-procedural pain,
hematuria, urosepsis, steinstrasse, number of sessions,
shock frequency, energy requirement and procedure
duration between the two techniques.

MATERIALS AND METHODS

Study design and setting: This was a prospective
randomized single-centre comparative study conducted in
the Department of Urology, Pt. B.D. Sharma Post Graduate
Institute of Medical Sciences, Rohtak, Haryana, a tertiary-
care referral centre. The study period was January 2024 to
December 2025. The thesis reports institutional ethical
clearance and written informed consent from all
participants.

Participants: Adults with a single renal stone measuring 5—
20 mm who were candidates for ESWL and had not
received prior treatment were eligible. Exclusion criteria
were multiple or staghorn calculi; stones outside the
specified size range; abnormal renal anatomy; severe renal
insufficiency; radiolucent stones; distal urinary tract
obstruction; inability to target the stone because of skeletal
deformity; uncorrected coagulopathy; active urinary tract
infection; pregnancy; age <18 years; unwillingness to
undergo SWL,; and calyceal diverticular stones.
Randomization and intervention: After written informed
consent and baseline evaluation, participants were randomly
allocated in a 1:1 ratio using Random Allocation Software
2.0 to FS-guided or USG-guided ESWL. A total of 130
patients were included, with 65 patients in each group.

ESWL was performed on an outpatient basis using a Sonolith
iMove lithotripter (EDAP TMS, Version 5). Stone targeting was
performed with a Skanray C-arm for the FS group and an
Esoate/MyLabX5 ultrasound system for the USG group.
Patients were positioned prone and were treated without
anaesthesia or analgesia according to the study protocol. Up to
3000 shocks per session were delivered at 10-12 kV and 60—
100 shocks/min. DJ stenting was performed for stones >10 mm
and in patients with a solitary functioning kidney. NSAIDs and
antibiotics were prescribed after each session.

Baseline assessment and follow-up: Baseline evaluation
included history, physical examination, routine blood and urine
investigations, coagulation profile, urine culture, abdominal
ultrasonography, X-ray KUB and CT urography. Stone size,
location, skin-to-stone distance, infundibular measurements and
Hounsfield-unit density were assessed using CT imaging. After
each ESWL session, X-ray KUB or USG KUB was obtained at
approximately 2 weeks. Repeat ESWL was performed when
fragmentation was absent or inadequate. NCCT KUB was
obtained when imaging suggested no stone, incomplete
fragmentation or clinically insignificant residual fragments.
Outcome definitions: The thesis defined ESWL success as
stone-free status or residual stone fragments <4 mm, classified
as clinically insignificant residual fragments. Treatment was
considered failed when residual fragments >4 mm persisted
after three sessions or when an ancillary procedure was required
for stone removal. Secondary safety outcomes included pain
intensity, hematuria, urosepsis and steinstrasse.

Sample size: The sample size was based on effect estimates
from Chang et al,.[*®! Assuming success estimates of 40% and
18% for the two groups, with a two-sided 95% confidence level
and 80% power, the thesis calculated 65 participants per group,
giving a total sample size of 130.

Statistical analysis: Continuous variables were compared using
independent-samples t tests. Categorical variables were
compared using chi-square tests, with Fisher's exact test used
when expected frequencies were low. A p value <0.05 was
considered statistically significant. Analyses were performed
using SPSS version 24.0 (IBM Corp., NY, USA).

REesuLTs

A total of 130 patients were analyzed, with 65 allocated to each
group. The baseline characteristics were well balanced, with no
statistically significant intergroup differences in age, sex, renal
laterality, stone location, skin-to-stone distance, stone size or
stone density.

Table 1: Baseline demographic and stone characteristics

Variable FS-guided (n=65) USG-guided (n=65) p value
Age, years, mean = SD 47.18 £ 6.30 46.15 +6.16 0.348
Male sex, n (%) 35 (53.8) 38 (58.5) 0.596
Right kidney, n (%) 39 (60.0) 34 (52.3) 0.377
Left kidney, n (%) 26 (40.0) 31(47.7) 0.377
Lower-pole calyx, n (%) 15 (23.1) 12 (18.5) 0.928
Upper-pole calyx, n (%) 27 (41.5) 28 (43.1) 0.928
Mid-pole calyx, n (%) 17 (26.2) 18 (27.7) 0.928
Renal pelvis, n (%) 6 (9.2) 7 (10.8) 0.928
Skin-to-stone distance, mm, mean + SD 74.34 £5.07 74.66 +4.78 0.709
Stone size, mm, mean + SD 1443+ 2.74 14.83 +2.96 0.425
Stone density, HU, mean + SD 901.38 + 92.02 897.46 + 106.68 0.823
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No baseline variable differed significantly between groups (all p>0.05), indicating good comparability of demographic and
stone-related characteristics before treatment.

Table 2: Procedural characteristics

Parameter Session FS-guided USG-guided p value
Shock frequency (bpm) 1 78.28 £ 6.36 79.97 £6.53 0.137
Shock frequency (bpm) 2 77.85+5.33 77.45+4.71 0.651
Shock frequency (bpm) 3 86.43 + 4.57 87.52+4.11 0.155
Mean energy (J) 1 65.17 + 1.64 65.65 + 1.70 0.106
Mean energy (J) 2 65.92 +1.23 66.35+1.54 0.081
Mean energy (J) 3 66.91 +0.72 66.81 + 0.58 0.425
Procedure duration (min) 1 40.72 + 3.62 41.57 +4.74 0.252
Procedure duration (min) 2 40.76 £ 4.17 41.85+4.77 0.169
Procedure duration (min) 3 43.29+£1.95 43.78 + 2.02 0.160

Shock frequency, energy
statistically significant differences.

requirement and procedure duration were comparable between groups in all three sessions, with no

Table 3: Post-procedural safety outcomes

QOutcome FS-guided (n=65) USG-guided (n=65) p value
Nil pain, n (%) 1(1.5) 1(1.5) 0.757
Mild pain, n (%) 56 (86.2) 53 (81.6) 0.757
Moderate pain, n (%) 8 (12.3) 11 (16.9) 0.757
Severe pain, n (%) 0(0.0) 0 (0.0) 0.757
Hematuria present, n (%) 2 (3.1) 3 (4.6) 0.999
Urosepsis present, n (%) 0 (0.0) 0 (0.0) —
Steinstrasse present, n (%) 0 (0.0) 0 (0.0) —

The overall pain distribution and incidence of hematuria were not significantly different between groups. No urosepsis or
steinstrasse occurred in either group, supporting a similar observed short-term safety profile.

Table 4: Primary treatment outcome

Outcome FS-guided (n=65) USG-guided (n=65) p value
Success, n (%) 54 (83.1) 44 (67.7) 0.042
Failure, n (%) 11 (16.9) 21 (32.3) 0.042

FS-guided ESWL achieved a significantly higher treatment success rate than USG-guided ESWL (83.1% vs 67.7%; p=0.042),

with a correspondingly lower failure rate (16.9% vs 32.3%).

Sessions and ancillary procedures: The study protocol
allowed up to three ESWL sessions. The thesis reports that
no patient required more than three sessions and that there
was no statistically significant difference in the overall
number of sessions. Ancillary procedures were required in 2
patients in the FS-guided group (RIRS) and in 5 patients in
the USG-guided group (3 RIRS and 2 PCNL). The source
narrative describes the difference as not statistically
significant, but a corresponding p value is not reported in
the thesis; therefore, the present manuscript does not assign
a new significance value.

Inference: The number of ESWL sessions was similar
between groups. Although ancillary procedures numerically
occurred more often after USG-guided ESWL, the available
source does not provide a p value for this comparison.

DiscussioN

The principal finding of this study was that FS-guided
ESWL produced a significantly higher treatment success
rate than USG-guided ESWL (83.1% vs 67.7%; p=0.042) in
patients with renal stones up to 20 mm. Importantly, this
difference was observed despite comparable baseline
demographic and stone characteristics, including stone size,
density, location and skin-to-stone distance. The balanced
baseline profile strengthens the interpretation that the

observed difference in treatment outcome was associated with
the targeting modality, although residual confounding cannot be
excluded.

Our findings are consistent with some comparative studies.
Periasamy et al. reported success/stone-free rates of 75.5% with
fluoroscopy and 70.8% with ultrasound, without a statistically
significant difference.l* Chiang et al. similarly reported 83.7%
versus 81.8% for fluoroscopy and ultrasound, respectively.[6]
The present study therefore agrees with the direction of these
studies, although the magnitude of difference was greater in the
present cohort.

Conversely, several studies have demonstrated equivalent or
superior outcomes with ultrasound guidance. VVan Besien et al.,
in a randomized prospective study, reported stone-free rates of
52% with ultrasound versus 42% with fluoroscopy and
concluded that ultrasonography was not inferior.[*! Smith et al.
reported 60% versus 45% for ultrasound and fluoroscopy,
respectively.[?! Arunagiri et al. reported 86.2% with ultrasound
compared with 83.1% with fluoroscopy.?! while Keskin et al.
reported 84% versus 72% in favour of ultrasound targeting.??
These differences across studies suggest that ESWL outcome is
multifactorial rather than determined solely by imaging
modality.

One plausible explanation for the higher success observed with
fluoroscopic targeting in the present study is more consistent
visualization and targeting of the calculus during shock-wave
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delivery. Fluoroscopy may facilitate rapid confirmation of
stone position and allow repeated targeting when respiratory

movement or patient movement occurs. Ultrasound,
although radiation-free and capable of real-time imaging, is
more dependent on operator experience, acoustic windows
and stone visibility. The relative advantage of either method
may therefore vary according to stone location, body
habitus, stone size, renal anatomy and operator expertise.
The present study found no significant differences in shock
frequency, energy requirement or procedure duration at any
treatment session. This suggests that the higher success with
fluoroscopy was not accompanied by a measurable increase
in these procedural parameters. The similarity in session
duration is also relevant for clinical workflow because
changing the targeting modality did not materially alter
treatment time under the study protocol.

Safety outcomes were comparable. Most patients
experienced only mild pain, and the difference in overall
pain distribution was not significant. Hematuria occurred in
3.1% of the fluoroscopy group and 4.6% of the ultrasound
group, with no significant difference. No urosepsis or
steinstrasse was reported in either group. These
observations are broadly consistent with the systematic
review by Duarsa et al. and with comparative studies
reporting similar complication profiles.[*621 The absence of
urosepsis and steinstrasse in this cohort should nevertheless
be interpreted cautiously because zero events in a sample of
130 patients do not establish that the risk is absent.

An important potential advantage of ultrasound guidance is
avoidance of ionizing radiation. The present study did not
report fluoroscopy time or radiation dose, so a quantitative
comparison of radiation exposure cannot be made from
these data. This is an important endpoint for future studies,
particularly in patients who may undergo repeated
procedures. Ultrasound may also be particularly useful in
selected patients in whom fluoroscopic visualization is
difficult or undesirable, although patient selection and
operator expertise remain important.

The study has several strengths, including prospective
randomized allocation, balanced baseline characteristics,
standardized ESWL equipment and protocol, and
assessment of both efficacy and safety outcomes. However,
interpretation should consider the single-centre design,
relatively modest sample size, approximately three-month
follow-up, and absence of a cost-effectiveness analysis. The
study also does not provide radiation-dose measurements,
detailed stone composition data, or a multivariable analysis
of predictors of treatment success. In addition, the source
document contains an inconsistency in terminology,
describing the design as both randomized/prospective and
prospective observational; the allocation method and overall
thesis framing support the randomized interpretation used in
this manuscript.

Taken together, the results suggest that FS-guided ESWL
may provide a higher probability of successful treatment in
this particular patient population, while USG-guided ESWL
offers comparable short-term safety and procedural
characteristics. The choice of modality should therefore be
individualized rather than based solely on efficacy, taking

into account stone characteristics, body habitus, availability of

equipment, operator expertise and the clinical importance of

avoiding ionizing radiation.

Strengths:

e Prospective randomized allocation with equal group sizes.

e Comparable  baseline  demographic  and  stone
characteristics.

e Assessment of efficacy, procedural parameters and multiple
safety outcomes.

e Use of a defined treatment-success criterion and structured
follow-up.

Limitations:

e Single-centre design and relatively small sample size.

e Follow-up was approximately three months, limiting
assessment of long-term recurrence and renal outcomes.

e Radiation exposure was not quantified.

e  No cost-effectiveness analysis was performed.

e The source does not provide a p value for the ancillary-
procedure comparison.

e The study does not report multivariable modelling of
predictors of treatment success.

CoNcLusION

Among adults with single renal stones measuring 5-20 mm who
underwent ESWL, FS-guided treatment achieved a significantly
higher success rate than USG-guided treatment (83.1% vs
67.7%; p=0.042). Shock frequency, energy requirement,
procedure duration and observed short-term complications were
comparable between groups. No urosepsis or steinstrasse was
observed. These findings support FS-guided ESWL as an
effective targeting approach in this cohort, while USG-guided
ESWL remains a useful alternative when avoidance of
fluoroscopy is clinically desirable or fluoroscopic targeting is
unsuitable. Larger multicentre randomized studies with longer
follow-up, radiation-dose assessment and economic evaluation
are needed.
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