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Abstract: Background: Urolithiasis is a common urological disorder
in the world, and extracorporeal shockwave lithotripsy (ESWL) is a
common non-invasive intervention of renal stones. Conventionally,
localization of stones is performed by using fluoroscopic guidance
but the result of exposure to ionizing radiations and restriction in
visualization has led to the interest in ultrasound aided ESWL.
Objective: To compare the stone-free rate (SFR) and safety outcomes
between ultrasound-assisted and fluoroscopy-guided ESWL in
patients with radio-opaque renal stones at the Armed Forces Institute
of Urology (AFIU), Rawalpindi. Methods: It was a prospective
comparative study on 100 patients (18-65 years of age) with radio-
opaque renal stones (5-20mm). They were randomly divided into
ultrasound-assisted (n=50) and fluoroscopy-assisted (n=50) ESWL.
The main outcome was week four SFR measured by X-ray KUB and
ultrasound. Results: Stones with no presence on the ultrasound group
(86%), were significantly more than the presence on the fluoroscopy
group (76%- p=.04). With 94 and 90 percent success respectively,
fragmentation was successful. The conditions of both groups were
mild self-limiting, and no significant negative outcomes were noted.

Conclusion: Ultrasound-assisted ESWL demonstrated superior stone
clearance and comparable safety without radiation exposure,
suggesting it as a preferable alternative to fluoroscopy-guided ESWL.

Keywords: Urolithiasis, Extracorporeal Shockwave Lithotripsy,
Ultrasound-Guided ESWL, Fluoroscopy-Guided ESWL, Stone-Free
Rate, Renal Calculi.

INTRODUCTION

Urolithiasis is also one of the most prevalent
urological diseases on a global level, and its
prevalence rate is associated with the alteration of
diet, dehydration, and metabolism. Renal calculi
management has taken an incredible turn around
with the replacement of the open surgery system by
minimal invasive and non-invasive procedures like
extracorporeal shockwave lithotripsy (ESWL),
percutaneous nephrolithotomy, and ureteroscopy.
ESWL remains one of these pillars in the treatment
of renal radio-opaque stones because of its non-

invasive procedure and tolerable safety profile (1).
Although ESWL has proven to be effective, the
attainment of an optimal stone-free rate (SFR)
following treatment is subject to a number of
variables, such as stone size, composition,
anatomical site, and above all, the type of guidance
used in the treatment process. Contemporary
research has focused on comparing the efficiency and
safety profiles of two primary imaging modalities,
namely, fluoroscopy and ultrasonography, for stone
localization and fragmentation (2).

ESWL has been the conventional method of
application as directed by fluoroscopy because it is
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highly precise in targeting radio-opaque calculi.
Nonetheless, the issues of exposure to ionizing
radiation of both patients and medical workers have
led to the investigation of ultrasound-assisted
options. Research has established that ultrasound-
guided lithotripsy is equally effective and non-
radiation, which gives the opportunity to monitor
and track stone fragmentation and localization
during the procedure (3). As a tertiary referral center,
the Armed Forces Institute of Urology (AFIU),
Rawalpindi, has been proactive in the integration of
such innovations to maximize the results of stone
management. The comparison between ultrasound-
assisted and fluoroscopy-guided ESWL is especially
important in these clinical facilities where patient
safety, accuracy of the procedure, and the use of
resources are the priority (4).

The presence of systematic reviews and meta-
analyses has given promising results in support of
ultrasound-guided ESWL, showing a comparable or
even a Dbetter result in stone-free rates than
fluoroscopic guidance, and especially in radio-
opaque kidney stones. In addition, ultrasound does
not expose to radiation and can be effectively used to
visualize radio-opaque and radiolucent stones, thus
making it a versatile imaging modality (5). Safety-
wise, ultrasound guidance also reduces the chances
of radiation-related complications, and its dynamic
imaging in respiration provides better procedures,
which increases accuracy (6). Also, ultrasound-
guided ESWL has improved the localization of stone
in the renal pelvis and calyces, where fluoroscopy
may be difficult due to anatomical differences or
hydronephrosis (7). The principal mechanism of the
ultrasound-assisted ESWL is the ability to monitor
the disintegration of the stone in real-time in order to
perform instant changes in shockwave targeting.

This ensures that a higher amount of efficient energy
is injected into the calculi, and it can be more
efficient in fragmentation (8). Additionally, high-
resolution ultrasonography and evolution of superior
acoustic systems of coupling have significantly
enhanced imaging and their targeting precision in
lithotripsy (9). The improvements in the technology
of ultrasound have also improved the quality of
images and allowed clinicians to see and measure
smaller residual fragments and intraoperative
measurement of stone clearance (10). The
advantages of ultrasound-guided ESWL usage are
increasing because they contribute to the
enhancement of stone-free results and decreased
recidivation (11). Ultrasound-assisted procedures
besides lithotripsy have demonstrated significant
effectiveness in various fields in medicine and
industry, which demonstrates the flexibility and
accuracy of ultrasound. The research on the use of
ultrasound to mediate the synthesis, extraction, and
adsorption processes indicates that ultrasonic energy

can increase the efficacy of reactions, achievability of
structural uniformity, as well as the performance
results (12).

These findings affirm the general hypothesis that
ultrasound energy can smooth out the outcome of
the procedure by maximizing the interaction of
particles and energy transfer when used in the proper
manner (13). These principles are applicable in the
context of ESWL, in which ultrasound waves help in
the accurate targeting and real-time tracking of the
fragmentation caused by lithotripsy (14). Such
developments are also in line with the current
attempt to incorporate environmentally friendly and
patient-friendly technologies in medical practice (15).
Although ultrasound-assisted ESWL has promise,
fluoroscopic guidance is still beneficial in some
situations, especially in cases of deeply located or
multiple radio-opaque calculi. The fluoroscopy offers
a steady image quality without the effects of body
habitus or bowel gas, which at times can hamper
ultrasound image quality (16, 17). Nonetheless, with
the risks of cumulative radiation from repeated
fluoroscopic procedures, particularly in small
patients and medical professionals, radiation-free
modalities are increasingly favored (18, 19).

The move towards guidance by ultrasound in
urology is representative of the international
tendency towards less invasive and safer methods of
procedure (20). Therefore, an assessed comparison
between the two modalities in the managed
environment of AFIU, Rawalpindi, gives significant
clinical evidence to lead the procedure selection.
These include bleeding, infection, and incomplete
clearance of stones and are all frequent complications
of ESWL. Nonetheless, imaging and energy delivery
systems have enhanced and minimized these risks
(21, 22). Ultrasound guidance enables the prevention
of collateral tissue damage and vascular injury during
the wuse of shockwaves because it enables
visualization of renal parenchyma and surrounding
structures in real-time. In addition, the minimized
use of contrast agents and radiation leads to a safer
and more patient-friendly treatment profile, which
can be especially useful in large tertiary hospitals like
AFIU (23, 24).

The final ESWL objective should be not only to
obtain full stone clearance but also to reduce
morbidity, length of treatment, and hospitalization,
which leads to patient satisfaction and cost-
effectiveness (25). Considering these concerns, the
current paper compare the rates of stone-free
between the Assisted by ultrasound and fluoroscopy
treatment of radio-opaque renal stones using
extracorporeal shockwave lithotripsy in the Armed
Forces Institute of Urology, Rawalpindi. This study
aims to add evidence-based knowledge to the
optimization of imaging modality selection in the
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modern urological practice by determining
procedural efficacy, safety, and post-treatment
outcomes.

Objective: To determine the difference between
ultrasound-assisted and fluoroscopy-guided
extracorporeal shockwave lithotripsy in patients with
radio-opaque renal stones undergoing treatment at
the Armed Forces Institute of Urology, Rawalpindi.

MATERIALS AND METHODS

Study Design: This was a comparative, prospective
observational study

Study Setting: Armed Forces Institute of Urology
(AFIU), Rawalpindi.

Duration of the Study: 29 August 2025 to 28
November 2025.

Inclusion Criteria: Patients aged 18-65 years who
had single or multiple radio-opaque renal stones
between 5 and 20 mm were included. Only
individuals with normal renal functioning and
anatomy suitable to access ESWL were recruited.
Exclusion Criteria: The non-radio-opaque patients,
pregnant patients, coagulopathic patients,
uncontrolled infections, patients with obstructive
uropathy, congenital anomalies, and patients who
underwent renal surgery were also eliminated to
maintain uniformity and safety of the procedure.

Methods

All  eligible patients were assessed using
comprehensive history and physical examination,
urinalysis, serum creatinine, and imaging procedures
such as X-ray, KUB, and ultrasonography to
establish the presence of radio-opaque renal stones.
A randomized selection of patients was done in two
groups to receive ultrasound-assisted ESWL (Group
A) and fluoroscopy-guided ESWL (Group B). The
same model of lithotripter was used in performing
procedures to ensure technical consistency. The
ultrasound-assisted  group provided real-time
sonographic monitoring to be able to target and
fragment the stones accurately, and the comparison
group was guided by fluoroscopy to locate stones.
All patients were given an average of 3000-4000
shockwaves at a time, with the intensity of the
shockwave being built up as tolerated. Patients were
tested at two and four weeks after the procedure by
X-ray, KUB, and ultrasound to determine the
residual fragments. The primary outcome was the
stone-free rate, which was a complete clearance or
leftover fragments less than 4 mm. Analysis of data
was done statistically to help compare the success
rates in the two groups.

RESULTS
One hundred patients who were suited to the inclusion criteria were recruited and randomly grouped into two
categories, Group A (Ultrasound-Assisted ESWL, n = 50) and Group B (Fluoroscopy-Guided ESWL, n = 50). The
overall mean age of the participants was 42.6 + 10.8 years, and 64% were male and 36% were female. The baseline
demographic and clinical characteristics of the two groups were statistically similar (p > 0.05), and this was

uniform to facilitate outcome comparison.

Table 1 presents the baseline characteristics of both groups. There were no significant differences regarding age,
gender distribution, stone size, or laterality, confirming the randomization adequacy.
Table 1: Baseline Characteristics of Study Participants

Variable Ultrasound-Assisted ESWL (n=50) Fluoroscopy-Guided ESWL (n=50) p-value
Mean Age (years) 43.1+9.8 42.2 +10.6 0.72
Gender (Male/Female) 32/18 31/19 0.84
Mean Stone Size (mm) 12.8+3.4 13.1+£3.2 0.66
Laterality (Right/Left) 26/24 25/25 0.89
Mean BMI (kg/m?) 259238 26.3+3.1 0.51

The percentage of stone fragmentation after the ESWL procedure was 94% in the ultrasound-assisted group and
90% in the fluoroscopy-guided group (p = 0.42). The 4-week post-treatment stone-free rate was 86% in the
ultrasound (versus 76% in the fluoroscopy) group, which was statistically significant (p = 0.04).
Table 2 is a summary of the comparative results following ESWL, showing that ultrasound-assisted ESWL had a
high rate of complete clearance, and fewer retreatment sessions were needed.

Table 2: Comparison of Treatment Qutcomes Between the Two Groups

QOutcome Variable

Fragmentation Achieved (%) 94
Stone-Free Rate (%) 86
Retreatment Required (%) 10

Mean No. of Sessions

Ultrasound-Assisted ESWL Fluoroscopy-Guided ESWL p-value
90 0.42
76 0.04*
20 0.12
1.8 £0.7 0.03*

1.4£0.6
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QOutcome Variable Ultrasound-Assisted ESWL Fluoroscopy-Guided ESWL p-value

Mean Shockwaves Used 3420 £ 210 3550 £ 230 0.06

*Significant at p < 0.05
The mild and self-limiting complications in both groups were procedure-related. Transient hematuria and flank
pain were the most common unfavorable incidences. There were no significant complications, like steinstrasse or
renal hematoma. The ultrasound-aided group had a slightly lower hematuria rate (12%) as compared to the
fluoroscopy group (18%), but not significantly (p = 0.41).
Table 3 details the observed complications following ESWL.

Table 3: Post-Procedural Complications

Complication Ultrasound-Assisted ESWL (%) Fluoroscopy-Guided ESWL (%) p-value
Transient Hematuria 12 18 0.41
Flank Pain 22 26 0.63
Urinary Tract Infection 6 8 0.71
Steinstrasse Formation 0 2 0.31
Renal Hematoma 0 0 —

Graph 1 below demonstrates the comparison of stone-free rates between the two modalities. The bar graph
illustrates a visibly higher success rate with ultrasound-assisted ESWL (86%) compared to fluoroscopy-guided
ESWL (76%).

Comparison of Sto?[%—Free Rate Between Ultrasound-Assisted and Fluoroscopy-Guided ESWL
80
60
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Stone-Free Rate (%)
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Procedure Type
(Graph 1: Bar Chart Comparing Stone-Free Rates Between Ultrasound-Assisted and Fluoroscopy-Guided ESWL)
The average time taken was a little less in the ultrasound group (32 = 5 minutes) than in the fluoroscopy group (35
+ 6 minutes), but not significantly different (p = 0.07). The results of this study propose that ESWL with the use of
ultrasound is equally safe and more effective in producing a greater stone clearance with no radiation exposure.
The resulting difference in SFR is small but favorable to the increasing popularity of ultrasound-based guidance as
an effective alternative to traditional fluoroscopy in the management of radio-opaque renal stones at AFIU,
Rawalpindi.

DISCUSSION rates (SFR) for ESWL vary widely between 47% and
Extracorporeal shockwave lithotripsy (ESWL) 92%,  reflecting  heterogeneity in  patient
continues to be an established first-line treatment characteristics, ~ technologies, and  procedural

modality for renal calculi, particularly those techniques [22].

measuring less than 20 mm. Its success, however, is

greatly influenced by multiple factors including stone
size, anatomical location, composition, and-
critically-the imaging modality used for stone
localization and real-time targeting during the
procedure. Existing literature emphasizes that
treatment selection for renal and ureteral calculi must
primarily consider the stone's location and size, as
these parameters strongly influence fragmentation
and clearance outcomes [21]. Reported stone-free

Several studies have evaluated the impact of the
imaging modality on ESWL outcomes. Hassan et al.
(2020), for example, found no significant difference
in SFR between ultrasound-guided and fluoroscopy-
guided ESWL, suggesting that both modalities may
be equally effective under certain clinical conditions
[23]. Contrary to this, the present study
demonstrated that ultrasound-assisted ESWL
achieved a significantly higher SFR (86%) when
compared with fluoroscopy-guided ESWL (76%).
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This improvement may be attributed to superior real-
time stone visualization, more accurate retargeting
during respiratory movement, and reduced risk of
misalignment during shockwave delivery-advantages
consistently highlighted in emerging evidence.
Furthermore, stone size and patient age have been
described as major predictors of ESWL success [22].
In contrast to some previous research, the current
study did not observe a significant difference in stone
size distribution between groups, thereby minimizing
its potential impact as a confounding factor. This
may partly explain why differences in SFR more
clearly reflected the influence of imaging modality
alone. Unlike some earlier studies, lower pole calculi-
which are known to have poorer clearance-were
excluded, potentially contributing to the higher
overall SFR observed in this population.

The findings also align with observations from Goren
et al. [24], who demonstrated that ultrasound-guided
ESWL provides better visualization of cystine and
slightly radiopaque stones while eliminating
radiation exposure, particularly beneficial in
pediatric cohorts. Similar to their findings, the
present study demonstrated superior clearance rates
in the ultrasound group, supporting the hypothesis
that real-time sonographic feedback may improve
fragmentation efficiency by ensuring optimal stone
targeting throughout the procedure. In addition to
enhanced visualization, ultrasound-guided ESWL
eliminates the risks associated with ionizing
radiation. Repeated exposure to fluoroscopy is well
documented to contribute to cumulative radiation
doses for both patients and healthcare professionals
[19]. This consideration is particularly relevant in
high-volume centers, where radiation-free
alternatives are increasingly favored as part of
broader efforts to enhance procedural safety without
compromising clinical effectiveness.

The current study, however, is not without
limitations. The relatively short follow-up period
may have underestimated late stone passage or
recurrence rates. Additionally, factors such as stone
composition, density, and calyceal anatomy were not
evaluated, although they are known to substantially
influence ESWL outcomes. Radiation exposure was
not quantified objectively beyond the procedural
modality selected by technicians, leaving room for
future research to examine dose metrics more
precisely. Larger multicentric  studies  with
standardized imaging protocols and longer follow-up
intervals are required to validate these findings and
establish more robust clinical guidelines. Overall, the
results of this study support the growing body of
evidence indicating that ultrasound-assisted ESWL is
a safe, effective, and radiation-free alternative to
fluoroscopy guidance. Its higher SFR, procedural
safety, and real-time monitoring advantages suggest
that it may be an appropriate first-line imaging

modality for ESWL in most patients with radio-
opaque renal stones.

Conclusion

The current research at the Armed Forces Institute of
Urology (AFIU), Rawalpindi, showed that
ultrasound-guided extracorporeal shockwave
lithotripsy (ESWL) had a higher rate of stone-free
than the fluoroscopy-guided ESWL in patients with
radio-opaque renal stones. The ultrasound-guided
method presented similar fragmentation efficiency
but with shorter procedure time and less radiation
exposure, and was better than the alternative as it
was a safer and less painful procedure. It also
provided real-time tracking, making it easy to target
and minimize the risk of retargeting an individual.
Both of these modalities were observed to be safe,
and no serious complications were noted. The results
indicate that ultrasound-based ESWL can be used
successfully as an alternative to fluoroscopic
guidance in the majority of situations, especially in
facilities that intend to reduce radiation risks without
affecting the effectiveness. It is suggested that future
multicentric research with larger sample sizes would
help to confirm or refute these findings and create
standardized recommendations on the wuse of
ultrasound-assisted ESWL in the standard clinical
practice.
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