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INTRODUCTION
Urolithiasis is a significant global health issue with
increasing prevalence in both developed and developing
countries. The lifetime risk of developing kidney stones is
approximately 10-15% worldwide, with recurrence rates
approaching 50% within five years of the first episode
(1). This condition can cause recurrent pain, urinary tract
infections, obstruction, and potential long-term kidney
damage. The rising incidence, particularly in developing
nations, is associated with changing diets, increasing obe-
sity rates, and climate change (2).
Extracorporeal shock wave lithotripsy (ESWL), introduced
in the early 1980s, transformed the management of
urolithiasis by offering a non-invasive alternative to sur-
gery (3). The procedure uses focused shock waves to frag-
ment stones into small pieces that can pass spontaneous-
ly. Due to its minimally invasive nature, low complication
rates, and suitability for outpatient care, ESWL has
become the first-line treatment for most kidney and
upper ureteric stones (3, 4). However, reported success
rates vary widely, ranging from 60% to 90% across dif-
ferent studies (3). This variation reflects differences in
patient characteristics, stone types, anatomy, treatment
protocols, and operator expertise (3, 5).
Stone density, measured in Hounsfield units (HU) on non-
contrast computed tomography, was one of the predictors
of ESWL outcome that received more attention (6). CT
scans offer greater sensitivity and specificity for stone diag-
nosis, offering detailed information about stone composi-
tion, size, location, and anatomy (6). Density values corre-
spond to stone hardness; denser stones being generally
more resistant to fragmentation (7, 8). Stone location is also
important, as stones in the lower calyx have lower clearance
rates due to gravity-dependent drainage and unfavourable
anatomy (9). Patient-related factors, such as body mass
index and skin-to-stone distance, may reduce shock wave
energy delivery, potentially decreasing fragmentation suc-
cess (3). Although less studied, pain tolerance may influ-
ence treatment completion and complication risk due to
patient movement during procedures (10). Procedural
details, including the number of shock waves, power level,
and frequency, have been investigated with varying results,
and the optimal parameters are not clearly defined (8, 11-
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13). Additionally, laboratory results reflecting kidney func-
tion or metabolic issues may also affect outcomes, but these
have not been thoroughly evaluated in large groups (8, 13).
The number of treatment sessions required has significant
implications for patient convenience and resource use (14).
The factors predicting the need for repeat sessions are still
not fully understood. ESWL Complications are rare but can
be serious, including perinephric haematoma, infection,
and cardiac arrhythmias (15-17). Risk factors for complica-
tions have been studied less than those predicting treat-
ment success (18, 19).
In the Middle East and North Africa, the prevalence of
stone disease is particularly high due to climate, diet,
genetic factors, and metabolic syndrome (20, 21). 
However, specific data on ESWL outcomes and locally val-
idated predictive models are not available. This study aims
to identify independent predictors of stone clearance,
complications, and the number of treatment sessions in a
large cohort from Aden, Yemen. We hypothesise that
stone density, lower calyx location, greater skin-to-stone
distance, and lower pain tolerance will independently pre-
dict poorer outcomes and a higher risk of complications.

PATIENTS AND METHODS

Study design and setting
This retrospective cohort study was conducted at the
Department of Urology, Aden Affiliated University Hospital,
between January 3, 2017, and May 12, 2024. The study
protocol was reviewed and approved by the Aden
University Ethics Committee on March 12, 2024, with
approval identification number 132. All research proce-
dures were performed in accordance with the ethical stan-
dards of the institutional research committee and with the
1964 Helsinki declaration and its later amendments.

Study population
The study included all adult patients aged 18 years and
older who underwent extracorporeal shock wave
lithotripsy for renal stones during the study period.
Patients were required to have complete medical records
documenting the procedure and follow-up evaluation.
Patients were excluded from the analysis if they had
stones located in any ureteral location. Additional exclu-
sion criteria included stones in the bladder, retained DJ
stent cases, and patients with incomplete outcome data.
Following application of these criteria, the final study
cohort comprised 798 patients with renal stones confined
to either the right kidney or left kidney.

Data collection
Data were retrospectively extracted from the hospital's
electronic medical records and paper charts using a stan-
dardized data collection form. Two trained research assis-
tants independently reviewed all records to ensure accu-
racy and completeness of data abstraction.
Collected variables included patient age at the time of pro-
cedure, sex, nationality, body mass index calculated from
height and weight measurements, and presence of any sig-
nificant past medical history. Medication history was
reviewed specifically for anticoagulation use at the time of

procedure. Stone-related variables included stone side,
with classification as right kidney or left kidney. Stone loca-
tion was categorized according to anatomical position as
lower calyx, middle calyx, renal pelvis, or upper calyx.
Stone size was measured as the maximum diameter in mil-
limeters on pretreatment non-contrast computed tomogra-
phy. Stone density was recorded in Hounsfield units from
the same imaging studies. The presence of hydronephrosis
was documented based on imaging findings. The number
of stones treated was recorded for each patient. Skin-to-
stone distance was measured on pretreatment computed
tomography images as the mean distance from the skin to
the stone at three different angles, calculated in millimeters.
Pretreatment laboratory evaluation included serum creati-
nine in micromoles per liter, blood urea nitrogen in mil-
limoles per liter, complete blood count parameters includ-
ing hemoglobin in grams per deciliter and white blood cell
count, and urinalysis findings including red blood cell and
white blood cell counts per high power field.
Procedural data included the total number of shock
waves delivered, maximum power level used, shock wave
frequency in Hertz, total procedure duration in minutes,
and number of treatment sessions required. The type of
analgesia administered during the procedure was record-
ed, as was antibiotic administration. Presence of a JJ stent
at the time of treatment was documented.

ESWL procedure
All extracorporeal shock wave lithotripsy procedures were
performed using a standardized protocol. Patients were
positioned on the lithotripsy table, and stone localization
was confirmed using fluoroscopy or ultrasound guidance
depending on stone radiopacity. Treatment was delivered
using an electromagnetic lithotripter with gradual power
ramping to achieve optimal stone fragmentation while
minimizing patient discomfort. The procedure was con-
tinued until adequate stone fragmentation was achieved or
until the maximum allowable shock wave number was
reached. Pain management was individualized based on
patient tolerance and institutional protocols.

Outcome definitions
The primary outcome of the study was stone clearance
following ESWL treatment. Stone clearance was assessed
at three months post-procedure using non-contrast com-
puted tomography or plain radiography with tomogra-
phy. Complete clearance was defined as the absence of
any residual fragments or the presence of clinically
insignificant fragments measuring less than four millime-
ters. Patients with residual fragments measuring four mil-
limeters or greater were classified as having treatment fail-
ure. Patients requiring sandwich therapy or additional
interventions were also classified as not achieving com-
plete clearance. Secondary outcomes included the occur-
rence of procedure-related complications and the number
of treatment sessions required to achieve stone clearance.
Complications were defined as any adverse event occur-
ring during or within 30 days of the procedure, including
hematoma formation, new-onset hypertension, bradycar-
dia, chest pain, or uncontrolled pain requiring interven-
tion. The number of treatment sessions was defined as the
total count of ESWL procedures required to achieve stone
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clearance or until the decision was made to pursue alter-
native treatment modalities.

Statistical analysis
Descriptive Statistics. Continuous variables were summa-
rized using mean and standard deviation, median and
interquartile range, and minimum and maximum values.
The normality of distribution for each continuous vari-
able was assessed using the Shapiro-Wilk test. Categorical
variables were summarized using frequencies and per-
centages. Variables with greater than forty percent miss-
ing data were excluded from regression analyses. For
remaining variables with low missingness, complete case
analysis was employed in regression models, with the
number of included patients reported for each analysis.
For the primary outcome of stone clearance, comparisons
between cleared and not cleared groups were performed
using the Mann-Whitney U test for continuous variables
due to non-normal distributions, and the chi-square test
or Fisher's exact test for categorical variables as appropri-
ate. For the secondary outcome of complications, similar
comparisons were performed. For the number of treat-
ment sessions, correlations with continuous variables
were assessed using Spearman's rank correlation coeffi-
cient, and associations with categorical variables were
assessed using the Kruskal-Wallis test.
Univariate logistic regression was performed to calculate
unadjusted odds ratios with ninety-five percent confi-
dence intervals for predictors of stone clearance and com-
plications. Variables with a p-value less than 0.2 in uni-
variate analysis or those considered clinically important
were entered into multivariate logistic regression models.

Multivariate logistic regression using backward stepwise
selection was performed to identify independent predic-
tors of stone clearance and complications. For the num-
ber of treatment sessions, Poisson regression was
employed given the count nature of the outcome, with
incidence rate ratios and ninety-five percent confidence
intervals reported. Model fit was assessed using the
Akaike Information Criterion and examination of
overdispersion parameters. All statistical tests were two-
sided, and a p-value less than 0.05 was considered statis-
tically significant. Statistical analyses were performed
using Python with statsmodels and scipy libraries.

Ethical considerations
The study was conducted in accordance with the
Declaration of Helsinki and received ethical approval
from the Ethics Committee/Institutional Review Board of Al-
Karama Specialised Clinic in Aden, Yemen, on January 28,
2026. Due to the retrospective nature of the research and
the use of anonymized patient data, the committee grant-
ed a waiver of informed consent. Patient confidentiality
was strictly maintained throughout the study. All data
were handled in compliance with institutional ethical
standards to ensure privacy and security.

RESULTS
Patient demographics and baseline characteristics
A total of 798 patients who underwent ESWL for kidney
stones were included in the final analysis. The baseline
demographic and clinical characteristics are summarized
in Table 1. The cohort was predominantly male (99.6%),

Table 1. 
Baseline demographic and clinical characteristics of patients undergoing ESWL (n = 798).

Panel A. Continuous variables.

Variable N Missing N (%) Mean ± SD Median (IQR) Range

Age (years) 798 0 (0) 39.05 ± 9.85 38 (13) 16-74

BMI (kg/m²) 798 0 (0) 26.50 ± 4.07 26 (5) 16.2-41.0

Height (cm) 798 0 (0) 166.83 ± 7.50 167 (10) 106-190

Weight (kg) 798 0 (0) 75.21 ± 14.32 74 (18) 45-145

Shock waves (n) 798 0 (0) 3015.76 ± 493.10 3000 (800) 900-4000

Power level 798 0 (0) 6.22 ± 0.95 6 (1) 3-9

Frequency (Hz) 798 0 (0) 79.82 ± 1.80 80 (0) 70-90

Stone size (mm) 790 8 (1.0) 9.44 ± 4.00 9 (4) 4-45

Stone density (HU) 779 19 (2.4) 974.50 ± 319.32 1000 (450) 200-2045

Serum creatinine (μmol/L) 798 0 (0) 87.54 ± 17.07 86 (17) 50-210

BUN (mmol/L) 775 23 (2.9) 4.28 ± 1.59 4.1 (1.5) 1.7-11.2

Blood WBC (×10⁹/L) 798 0 (0) 8.09 ± 3.82 7.8 (2.7) 3.2-98

Hemoglobin (g/dL) 798 0 (0) 14.76 ± 1.44 14.9 (1.6) 4.9-18.4

Urine RBC (/HPF)* 795 3 (0.4) 125.34 ± 458.53 5 (58) 0-4250

Urine WBC (/HPF)* 795 3 (0.4) 28.93 ± 124.57 4 (18) 0-1250

Treatment sessions (n) 797 1 (0.1) 1.25 ± 0.52 1 (0) 1-4

DSS (mm)† 798 0 (0) 8.48 ± 1.62 8 (2) 5-17

Procedure duration (min) 795 3 (0.4) 41.54 ± 5.40 44 (5) 15-65

Number of stones 608 190 (23.8) 1.04 ± 0.27 1 (0) 1-4
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with a median age of 38 years (IQR 13). Following data
cleaning, the median BMI was 26 kg/m² (IQR 5). The
majority of stones were located in the lower calyx
(59.6%), with a median stone size of 9 mm (IQR 4) and
a median density of 1000 HU (IQR 450). 
A JJ stent was present in 13.8% of patients at the time of
treatment. The overall stone clearance rate, defined as
stone-free or clinically insignificant residuals (< 4 mm) at
three-month follow-up, was 86.8% (672 of 774 patients
with complete outcome data).

Factors associated with stone clearance
Univariate analysis (Table 2A) identified several factors

associated with stone clearance. Patients who achieved
clearance had significantly lower BMI (26.3 ± 3.9 vs. 27.4
± 5.0 kg/m², p = 0.005), smaller stone size (9.1 ± 3.1 vs.
9.8 ± 3.2 mm, p = 0.046), lower stone density (951 ± 317
vs. 1088 ± 316 HU, p < 0.001), and a shorter skin-to-
stone distance (DSS) (8.4 ± 1.6 vs. 8.9 ± 1.8 mm, p =
0.003) compared to those without clearance. However,
after applying a conservative Bonferroni correction for
multiple testing (significance threshold p < 0.0017), only
stone density remained statistically significant in the uni-
variate analysis.
In the multivariable logistic regression model (Table 3A),
which controlled for potential confounders, higher stone

Panel B. 
Categorical variables.Variable Category N (%)

Sex Male 795 (99.6)
Female 3 (0.4)

Past medical history None 600 (75.2)
Missing 198 (24.8)

JJ stent No 688 (86.2)
Yes 110 (13.8)

Anticoagulation No 794 (99.5)
Yes 2 (0.3)

Stone side Left kidney 451 (56.5)
Right kidney 347 (43.5)

Stone location Lower calyx 475 (59.6)
Middle calyx 133 (16.7)
Renal pelvis 102 (12.8)
Upper calyx 87 (10.9)

Hydronephrosis No 716 (89.7)
Yes 82 (10.3)

Pain tolerance§ Good 712 (89.2)
Medium 46 (5.8)

Mild 23 (2.9)
Low 17 (2.1)

**Stone clearance Complete (stone-free) 616 (77.6)
Insignificant residuals (< 4 mm) 56 (7.1)
Significant residuals (≥ 4 mm) 94 (11.8)

Sandwich therapy 7 (0.9)
Missing 25 (3.1)

Complications ¶ None 784 (98.2)
Hematoma 5 (0.6)

Hypertension 5 (0.6)
Bradycardia 2 (0.3)
Chest pain 1 (0.1)

Pain 1 (0.1)

Analgesia Fentanyl 408 (51.2)
Midazolam + Morphine 378 (47.4)

Diclofenac 6 (0.8)
Morphine only 4 (0.5)

* Data winsorized at the 99th percentile. 
† DSS, skin-to-stone distance. 
§ Ordinal scale: Good (tolerated well, no distress), Medium (mild discomfort), Mild (moderate discomfort), Low (severe distress requiring intervention). 
||Classification based on post-ESWL imaging at 3 months. 
¶ Some patients experienced more than one complication; only the most severe is tabulated. Percentages may not total 100 due to rounding.
ESWL: extracorporeal shock wave lithotripsy; SD: standard deviation; IQR: interquartile range; BMI: body mass index; HU: Hounsfield unit; BUN: blood urea
nitrogen; WBC: white blood cell; RBC: red blood cell; HPF: high-power field.
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density emerged as the most consistent independent pre-
dictor of reduced clearance. The odds of clearance
decreased by 2% for every 100 HU increase in stone den-
sity (adjusted OR 0.98 per 100 HU, 95% CI 0.97-0.99,
p < 0.001). Stone location in the middle calyx was asso-
ciated with significantly better clearance compared to
lower calyx stones (adjusted OR 2.70, 95% CI 1.09-6.68,
p = 0.03). The full model had an area under the ROC
curve (AUC) of 0.70 (95% CI 0.65-0.75), indicating
modest predictive ability.

Factors associated with complications
Post-procedural complications were rare, occurring in
only 14 patients (1.8%) (Table 1B). Due to this low event
rate, multivariable analysis was not performed to avoid

model overfitting, and results from the univariate analy-
sis should be interpreted with caution (Table 3B).
Factors showing a univariate association with complica-
tions included low pain tolerance (OR 16.74, 95% CI
4.09-68.54, p < 0.001) and anticoagulant use (OR
59.31, 95% CI 3.53-997.2, p = 0.004). A paradoxical
inverse association was observed between the number of
shock waves and complications (p < 0.001), which like-
ly reflects early termination of the procedure due to
patient intolerance or pain, rather than a protective effect
of fewer shock waves.

Factors associated with number of treatment sessions
The median number of treatment sessions required was
one (range 1-4). Univariate analysis (Table 2B) showed

Table 2. 
Univariate analysis of factors associated with ESWL outcomes.

Panel A. Factors Associated with Stone Clearance *.

Variable Type Cleared (n = 672) † Not Cleared (n = 102) ‡ Test Statistic p-value

Age (years) Mean ± SD 38.64 ± 9.60 40.74 ± 11.50 MWU 31221 0.056

BMI (kg/m²) Mean ± SD 26.29 ± 3.87 27.39 ± 5.02 MWU 32822.5 0.005

Weight (kg) Mean ± SD 75.14 ± 14.01 75.89 ± 15.98 MWU 29563 0.512

Stone size (mm) Mean ± SD 9.10 ± 3.09 9.77 ± 3.22 MWU 30955.5 0.046

Stone density (HU) Mean ± SD 951.16 ± 316.50 1088.02 ± 316.38 MWU 32617.5 < 0.001

BUN (mmol/L) Mean ± SD 4.25 ± 1.55 4.43 ± 1.81 MWU 28154 0.361

DSS (mm) Mean ± SD 8.40 ± 1.57 8.92 ± 1.79 MWU 33053 0.003

Sex Male/Female 669/3 101/1 Fisher's exact – 0.475

Stone location LC/MC/RP/UC 352/108/81/74 63/8/13/10 χ² = 6.12 – 0.106

Pain tolerance Good/Med/Mid/Low 553/30/17/16 79/8/5/2 χ² = 4.98 – 0.173

Bolded p-values indicate statistical significance (p < 0.05). After Bonferroni correction (α = 0.0017), only stone density remains significant.
* Cleared includes stone-free and insignificant residuals (< 4 mm). 
† Cleared n includes 616 stone-free + 56 insignificant residuals. ‡Not cleared includes 94 significant residuals + 7 sandwich therapy + 1 missing outcome classification?
LC: Lower Calyx; MC: Middle Calyx; RP: Renal Pelvis; UC: Upper Calyx.

Panel B. Factors Associated with Complications †.

Variable Type Complication (n = 14) No Complication (n = 784) Test Statistic p-value

Age (years) Mean ± SD 43.29 ± 10.40 38.97 ± 9.83 MWU 4184 0.127

Shock waves (n) Mean ± SD 2542.86 ± 919.63 3024.21 ± 478.94 MWU 7017.5 0.069

DSS (mm) Mean ± SD 9.29 ± 1.82 8.47 ± 1.61 MWU 3928 0.062

Anticoagulation Yes/No 1/13 1/771 χ²=27.11 – < 0.001

Pain tolerance Low/Med/Good 4/2/8 13/44/704 χ²=28.11 – < 0.001

Bolded p-values indicate statistical significance (p < 0.05). 
† Due to the low number of events (n=14), these results should be interpreted with caution.

Panel C. 
Factors associated with
number of treatment
sessions.

Variable Type Test Statistic p-value

Power level Continuous Spearman ρ 0.191 < 0.001

Stone size (mm) Continuous Spearman ρ 0.144 < 0.001

Stone density (HU) Continuous Spearman ρ 0.124 < 0.001

Stone side Categorical Kruskal-Wallis H 9.16 0.003

Pain tolerance Categorical Kruskal-Wallis H 8.98 0.030

Bolded p-values indicate statistical significance (p < 0.05). After Bonferroni correction (α = 0.0017), power level, stone size, and stone density remain significant.
MWU: Mann-Whitney U test; χ2: Chi-square test; DSS: skin-to-stone distance; LC: Lower Calyx; MC: Middle Calyx; RP: Renal Pelvis; UC: Upper Calyx; HU: Hounsfield unit.
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that a higher number of sessions was associated with
higher power level (ρ = 0.191, p < 0.001), larger stone
size (ρ = 0.144, p < 0.001), and higher stone density (ρ
= 0.124, p < 0.001). However, in the multivariable
Poisson regression model (Table 3C), none of these fac-
tors remained statistically significant predictors of the
number of sessions. This suggests that the decision to
perform multiple sessions is complex and likely influ-
enced by a combination of clinical factors, physician
judgment, and patient preference not fully captured by
the variables in this model.

DISCUSSION
This retrospective cohort study of 798 patients who
underwent ESWL for kidney stones identified several
important predictors of treatment outcomes. The main
finding is that stone density, measured in Hounsfield
units on pretreatment computed tomography, is the
strongest independent predictor of stone clearance. For
every 100 HU increase in stone density, the odds of suc-
cessful clearance decreased by 2%. This relationship
remained strong even after adjusting for demographic,
clinical, and treatment factors. Additionally, stones locat-
ed in the middle calyx had a significantly better clearance
rate compared to those in the lower calyx, with nearly
three times higher odds of success. In univariate analysis,

several other factors related to clearance included lower
BMI, smaller stone size, and shorter skin-to-stone dis-
tance. Complications were rare overall but occurred more
frequently in patients with low pain tolerance and those
on anticoagulation therapy.
No independent predictors of the number of treatment
sessions were identified in our multivariable Poisson
regression, despite significant univariate associations
between session number and power level, stone size, and
stone density. This contrasts with several published stud-
ies. Ergün and Sağır reported that stone size, density, age,
BMI, and location independently predicted single versus
multiple sessions (14). Hevia et al. developed a risk model
showing that density above 864 HU, diameter above 7.5
mm, and pyelocaliceal location predicted retreatment
probability ranging from 20.2% to 62.5% (22). Salah et
al. identified stone density, previous urologic interven-
tion, multiple stones, and skin-to-stone distance as inde-
pendent predictors of treatment failure requiring repeat
sessions (23). The discrepancy may reflect limited statis-
tical power, given that the majority of our patients
required only a single session, as well as unmeasured con-
founders, including physician judgment, patient prefer-
ences, scheduling constraints, and institutional protocols,

Panel A. 
Multivariate logistic
regression for stone
clearance 
(N = 536) *.

Variable Adjusted OR 95% CI p-value VIF

Age (years) 1.00 0.97-1.03 0.96 1.21

BMI (kg/m²) 0.92 0.81-1.05 0.23 3.45

Weight (kg) 1.01 0.97-1.05 0.54 3.52

Power level 1.30 0.91-1.86 0.15 1.08

Stone size (mm) 1.00 0.91-1.09 0.91 1.15

Stone density (per 100 HU) 0.98 0.97-0.99 < 0.001 1.09

DSS (mm) 0.87 0.74-1.03 0.10 1.12

Stone location

– Middle calyx (vs. Lower) 2.75 1.11-6.82 0.03 1.08

– Renal pelvis (vs. Lower) 1.66 0.74-3.73 0.22 1.06

– Upper calyx (vs. Lower) 1.30 0.54-3.12 0.55 1.05

Bolded p-values indicate statistical significance (p < 0.05). * Model fit: Pseudo R2 = 0.112; AIC = 424.3; AUC-ROC = 0.71 (95% CI 0.66-0.76). 
Adjusted for urine RBC, treatment sessions, number of stones, and pain tolerance (not shown).

Panel B. Univariate associations with complications†.

Variable OR 95% CI p-value

Shock waves (n) 0.998 0.997-0.999 < 0.001

DSS (mm) 1.28 0.99-1.67 0.06

Pain tolerance (ref: Good)

– Low 16.74 4.09-68.54 < 0.001

– Medium 3.55 0.74-16.93 0.11

Anticoagulation 59.31 3.53-997.20 0.004

Bolded p-values indicate statistical significance (p < 0.05). 
†Multivariate analysis not performed due to low event rate (n = 14).

Panel C. Multivariate poisson regression for number 
of treatment sessions (N = 590) *.

Variable IRR 95% CI p-value

Power level 1.08 0.97-1.19 0.17

Stone size (mm) 1.01 0.99-1.03 0.23

Stone density (per 100 HU) 1.01 0.99-1.03 0.64

DSS (mm) 0.99 0.95-1.04 0.79

JJ stent (Yes vs. No) 0.98 0.79-1.23 0.88

Stone side (RTK vs. LTK) 0.92 0.79-1.07 0.27

Bolded p-values indicate statistical significance (p < 0.05). ); none reached significance in this model.
*Model fit: AIC = 1348.2; Overdispersion parameter = 0.14. Adjusted for hemoglobin, number of stones,
pain tolerance, and antibiotics (not shown).
OR: odds ratio; CI: confidence interval; VIF: variance inflation factor; IRR: incidence rate ratio; 
RTK: right kidney; LTK: left kidney; other abbreviations as in Table 1.

Table 3. 
Regression analysis of factors predicting ESWL outcomes. 
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that inherently influence the decision to repeat ESWL
(14, 24). Muter et al. noted that the relationship between
stone density and session requirements may be nonlinear
and better captured by dedicated predictive indices rather
than standard regression models (6).
Regarding ESWL success, several key studies and system-
atic reviews have been investigated predictors of stone
clearance after ESWL (15-17). Our finding that higher
stone density predicts worse ESWL outcomes aligns with
a significant amount of evidence. A recent systematic
review by Garg and colleagues analyzing 28 studies with
4,206 patients showed that Hounsfield unit values con-
sistently correlate inversely with SWL success. Values
below 750 HU were linked to favorable outcomes, while
values above 1000 HU were strongly predictive of treat-
ment failure (15). Our finding of a 2% reduction in clear-
ance odds per 100 HU increase provides a precise meas-
urement of this relationship, consistent with the ongoing
nature of the association reported in the literature. Bres-
Niewada and colleagues found that a stone density thresh-
old of 1000 HU provided optimal prediction of ESWL
failure with 85% sensitivity and 82% specificity (25).
Similarly, Ouzaid and associates reported that average
stone density greater than 970 HU was linked to signifi-
cantly lower stone-free rates (26).
This study builds on these observations by showing that
stone density remains an independent predictor even
after adjusting for demographic, clinical, and treatment-
related factors. This graded relationship indicates that
stone density should not be treated as a binary threshold.
Instead, it should be viewed as a continuous predictor,
with progressively worse outcomes as density rises.
Recent analytic techniques, such as CT-based radiomics,
have shown promise in improving prediction accuracy
(8, 13, 27). Talyshinskii and colleagues reported a pooled
AUC of 0.883 for radiomics-based models predicting
stone-free rates after ESWL, suggesting that machine
learning analysis of stone heterogeneity may provide
additional predictive insights beyond mean HU alone
(28). Lee and colleagues similarly demonstrated that the
stone heterogeneity index (SHI), defined as the standard
deviation of Hounsfield units, was a better predictor for
success in larger stones and for predicting clearance in a
single session (29).
The mechanisms behind the density-success association
are complex and extend beyond simple density measure-
ments. While shock wave lithotripsy breaks stones by
generating compressive and tensile stresses that exceed
the stone's mechanical strength, the relationship between
Hounsfield units and fragility is not always linear.
Although high-density stones (e.g., calcium oxalate
monohydrate, > 1000 HU) are predictably resistant to
fragmentation, certain low-density stones paradoxically
exhibit similar resistance. Cystine stones, for example,
have mean densities of approximately 600-700 HU but
demonstrate poor fragmentation due to their unique
internal structure, specifically their microcrystalline
architecture and inherent elasticity that dissipates shock
wave energy rather than concentrating it at fracture
planes (30, 31). In contrast, other low-density stones,
such as uric acid or struvite, fragment readily due to their
brittle composition and homogeneous internal structure.

This complexity underscores that while stone density on
CT provides valuable prognostic information, it should
be interpreted alongside other characteristics when pre-
dicting ESWL outcomes.
Stone location was another independent predictor of
clearance in our study. Stones in the middle calyx had
significantly better outcomes than those in the lower
calyx. This finding is consistent with previous studies.
Ghoneim and colleagues, in a study of 205 patients with
lower pole stones, found that a lower pole infundibulo-
pelvic angle (L-IPA) was the most important factor in
clearance. Angles of 70 degrees or greater and infundibu-
lar lengths under 50 mm predicted favorable outcomes
(9). More recently, Muhammad and colleagues confirmed
these results in 100 patients, showing that average L-IPA
was significantly higher in stone-free patients and recom-
mended ESWL as the first-line treatment when L-IPA
exceeds 80 degrees (32). Srisubat and colleagues noted in
a systematic review that lower pole stones had lower
clearance rates after ESWL compared to stones in other
kidney locations (4). The anatomical reason relates to
drainage. After fragmentation, gravity-dependent
drainage from the lower calyx is less effective compared
to drainage from middle and upper calyces. Small frag-
ments must be expelled against gravity, which may
require extra efforts like percussion, diuresis, or inversion
therapy (33). 
The univariate associations of lower BMI, smaller stone
size, and shorter skin-to-stone distance with better clear-
ance in our study deserve attention. These factors did not
remain significant after multi-variable adjustment, sug-
gesting their effects may be influenced by stone density
and location. A large meta-analysis by Owen and col-
leagues, which included 39 studies with 7,869 patients,
confirmed that lower mean stone density, skin-to-stone
distance, and stone size are all significantly associated
with successful ESWL outcomes (34). Pareek and col-
leagues identified a skin-to-stone distance over 9 cm as a
predictor of treatment failure (35). A recent analysis from
the Czech Republic also demonstrated that multidimen-
sional measures of stone burden (area and volume) pre-
dict stone-free rates with greater accuracy than single lin-
ear measurements (AUC 0.71 vs. 0.67, p < 0.00), sug-
gesting that assessing volume may refine patient selection
further (36). 
Composite scoring systems have been created to combine
these multiple predictors. Ichiyanagi and colleagues and
Saleh et al. validated the Triple D Score, which includes
Density, Distance, and Diameter, along with intrarenal
location for predicting SWL success in 10-20 mm kidney
stones (7, 8). Such tools may assist clinicians in weighing
the importance of various factors when advising patients
about expected outcomes. 
These findings support using pretreatment CT with den-
sity measurement for all patients considered for ESWL, as
this information can significantly aid in treatment selec-
tion and patient counselling. Patients with stone density
over 1000 HU, especially those with unfavorable loca-
tions (lower calyx), unfavorable anatomy (narrow
infundibulo-pelvic angle), or increased skin-to-stone dis-
tance (over 9 cm), should be informed about lower
expected success rates and the possibility of needing mul-
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tiple sessions or alternative treatments like flexible
ureteroscopy or percutaneous nephrolithotomy.
Complications after ESWL were rare in this study, occur-
ring in just 1.8% of patients. This low rate shows how
safe modern lithotripsy can be when experienced opera-
tors perform the procedure. It is consistent with histori-
cal data showing hematoma rates of 0.66% to 3.8% based
on patient risk factors (18, 19). However, two factors
were strongly linked to complications in our analysis: low
pain tolerance (OR 16.74, 95% CI 4.09 to 68.54, p <
0.001) and anticoagulation use (OR 59.31, 95% CI 3.53
to 997.2, p = 0.004).
The link between anticoagulation and complications is
well-known. Bourdoumis and colleagues highlighted in a
review that anticoagulants should be stopped five days
before ESWL, and antiplatelet agents at least seven days
prior (37). Bridging therapy is needed for high-risk
patients. Dhar and colleagues also found anticoagulation as
a predictor of hematoma in a multivariate analysis of 318
patients with overall incidence of 4.1% (38). The wide
confidence interval around the odds ratio in our study
(OR 59.31) reflects the small number of events (n = 14)
and should be interpreted with caution, but it is consis-
tent with established evidence. Current guidelines rec-
ommend ureteroscopy over ESWL if the thrombotic risk
is considered too high to safely stop anticoagulation due
to higher complications with ESWL (37).
Hypertension, deemed the main modifiable risk factor in
the literature, did not reach statistical significance in our
univariate analysis. In a landmark study of 3,620 patients,
Knapp and colleagues reported that poorly controlled hyper-
tension raised hematoma rates from a baseline of 0.66% to
3.8% (39). Similarly, Kostakopoulos and colleagues identified
hypertension as a primary risk factor in their series of 4,247
patients (40). The lack of this association in our data may
be due to the low overall event rate, differences in how
blood pressure was recorded, or that our hypertensive
patients were well-managed before treatment.
The link between low pain tolerance and complications
in our study is noteworthy. Patients experiencing signifi-
cant discomfort during the procedure may move, which
can lead to treatment interruptions or early termination,
affecting stone fragmentation. Additionally, pain could
suggest inadequate pain control or unrecognized issues
like subcapsular hematoma formation (10). The unex-
pected inverse association between the number of shock
waves and complications in our data, where patients who
had complications received fewer shock waves, likely
indicates reverse causality. Procedures were probably
stopped early due to complications or unbearable pain,
rather than fewer shock waves being beneficial. This view
is supported by the strong link between low pain toler-
ance and complications.
Other known risk factors from the literature, such as older
age, obesity, diabetes, and vascular disease, were not sig-
nificantly linked to complications in our group. This may
again reflect the limited number of events. Nussberger and
colleagues, using routine post-ESWL CT scans in 868
patients, found that subclinical hematomas happen in
15.4% of patients, which is much higher than the rates that
are clinically recognized. They identified extreme BMI as a
significant risk factor (41). This implies that the actual rate

of ESWL-related kidney injury might be much greater than
what is clinically acknowledged, and many hematomas can
heal on their own without treatment.
Stepwise voltage ramping has been shown to be an effec-
tive protective factor, cutting hematoma rates by over
50% in both experimental and clinical studies (42). This
approach, which starts with a small number of lower
energy shock waves before giving therapeutic doses, is
thought to cause vasoconstriction that limits bleeding
injury. Our institutional protocol includes gradual power
ramping, likely contributing to our low overall complica-
tion rate despite treating anticoagulated patients.
Clinicians should be alert when procedures are interrupt-
ed early, as this may indicate an underlying issue rather
than just patient discomfort. Focused pain management
during the procedure may lower the risk of complications
and increase tolerance. Following anticoagulation man-
agement guidelines and optimizing blood pressure con-
trol before treatment are essential strategies to reduce
ESWL complications.

Study limitations
There are some limitations to this study. First, the retro-
spective design introduces potential for selection bias and
information bias, despite our efforts to ensure complete
and accurate data gathering. Missing data for some vari-
ables, such as stone number (23.8% missing) and stone
density (2.4% missing), may have caused bias and reduced
statistical power for some analyses. Second, the study took
place at one center, which may limit its applicability to
other settings with different patient groups, equipment, or
treatment methods. Third, we did not have stone compo-
sition for analysis since this information is not routinely
taken from patients undergoing ESWL. Stone density from
CT is used as a proxy, but it does not perfectly predict
stone type. Fourth, the low complication rate, while reas-
suring, limited our ability to conduct multivariable analy-
sis, leading to wide confidence intervals for estimates relat-
ed to complications. Fifth, the definition of stone clearance
at three months, while consistent with clinical practice,
may not take into account delayed clearance or late recur-
rence. Sixth, complete case analysis for regression models
reduced the sample size from 798 to 536 for the main
analysis, which might introduce bias if missing data were
not completely random. Seventh, the overwhelming male
representation (99.6%) limits the relevance to female
patients, and the specific cultural factors contributing to
this imbalance might not be present in other regions.
Eighth, we did not collect data on operator experience and
specific lithotripter models, limiting our ability to adjust
for these potential influences. Finally, factors regarding
patient preferences and shared decision-making that
impact treatment choices and repeat sessions were not cap-
tured due to the retrospective nature of the study.

CONCLUSIONS
Stone density is the strongest independent predictor of
ESWL success, with a 2% decrease in clearance odds for
every 100 HU increase. Stone location in the middle calyx
is associated with significantly better outcomes than in
the lower calyx. Univariate predictors such as lower BMI,
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smaller stone size, and shorter distance from skin to stone
provide additional useful information for counselling
patients, even if they didn’t remain significant after mul-
tivariable adjustments. Complications are rare but more
frequent in patients with low pain tolerance and those on
anticoagulation. The significant male predominance in
this cohort likely highlights a mix of cultural factors,
healthcare-seeking behaviors, and referral patterns,
underscoring the importance of culturally sensitive
healthcare delivery. These findings support using CT
with density measurement before treatment, improve
patient counselling about expected outcomes, and help
identify patients at higher risk for complications. ESWL
continues to be a safe and effective option for well-select-
ed patients with kidney stones.

REFERENCES
1. Alelign T, Petros B. Kidney Stone Disease: An Update on Current
Concepts. Adv Urol. 2018; 2018:3068365.

2. Akram M, Somani B. Epidemiology and Management of Kidney
Stone Disease - Current Insights. Res Rep Urol. 2025; 17:449-59.

3. Manzoor H, Leslie SW, Saikali SW. Extracorporeal Shockwave
Lithotripsy. StatPearls. Treasure Island (FL) ineligible companies.
Disclosure: Stephen Leslie declares no relevant financial relationships
with ineligible companies. Disclosure: Shady Saikali declares no rele-
vant financial relationships with ineligible companies.: StatPearls
Publishing Copyright© 2025, StatPearls Publishing LLC.; 2025.

4. Setthawong V, Srisubat A, Potisat S, et al. Extracorporeal shock
wave lithotripsy (ESWL) versus percutaneous nephrolithotomy
(PCNL) or retrograde intrarenal surgery (RIRS) for kidney stones.
Cochrane Database Syst Rev. 2023; 8:Cd007044.

5. Nazim S. Advancements in Shock Wave Lithotripsy: Pushing
Boundaries with Innovative Technology and Techniques. 2023.

6. Muter S, Abd Z, Saeed R. Renal stone density on native CT-scan
as a predictor of treatment outcomes in shock wave lithotripsy. J Med
Life. 2022; 15:1579-84.

7. Ichiyanagi O, Fukuhara H, Kurokawa M, et al. Reinforcement of
the Triple D score with simple addition of the intrarenal location for
the prediction of the stone-free rate after shockwave lithotripsy for
renal stones 10-20 mm in diameter. Int Urol Nephrol. 2019; 51:239-
45.

8. Salah M, Al-Ghashmi M, Tallai B, et al. Performance of 'Triple-D'
and 'Quadruple-D' scores compared to a regression-based predictive
model for treatment outcomes in extracorporeal shock wave lithotrip-
sy. Arch Ital Urol Androl. 2025; 97:14265.

9. Ghoneim IA, Ziada AM, Elkatib SE. Predictive factors of lower
calyceal stone clearance after Extracorporeal Shockwave Lithotripsy
(ESWL): a focus on the infundibulopelvic anatomy. Eur Urol. 2005;
48:296-302; discussion 

10. Bovelander E, Weltings S, Rad M, et al. The Influence of Pain on
the Outcome of Extracorporeal Shockwave Lithotripsy. Curr Urol.
2019; 12:81-7.

11. Yoon JH, Park S, Kim SC, et al. Outcomes of extracorporeal shock
wave lithotripsy for ureteral stones according to ESWL intensity.
Transl Androl Urol. 2021; 10:1588-95.

12. Al-Zubi M, Al Sleibi A, Elayan BM, et al. The effect of stone and
patient characteristics in predicting extra-corporal shock wave
lithotripsy success rate: A cross sectional study. Ann Med Surg
(Lond). 2021; 70:102829.

13. Salah M, Al-Ghashmi M, Baker A, et al. Interpretable machine
learning prediction of extracorporeal shock wave lithotripsy outcomes
for urinary stones: a retrospective cohort study. Arch Ital Urol
Androl. 2025; 97(4):14333.

14. Ergün M, Sag˘ır S. Factors determining the number of sessions in
successful extracorporeal shock wave lithotripsy patients. Open Med
(Wars). 2025; 20:20251276.

15. Garg M, Johnson H, Lee S-m, et al. Role of Hounsfield Unit in
Predicting Outcomes of Shock Wave Lithotripsy for Renal Calculi:
Outcomes of a Systematic Review. Current Urology Reports. 2023;
24:173-85.

16. Iqbal N, Hasan A, Nazar A, et al. Role of Stone Heterogeneity
Index in Determining Success of Shock Wave Lithotripsy in Urinary
Calculi. J Clin Transl Res. 2021; 7:241-7.

17. Massoud AM, Abdelbary AM, Al-Dessoukey AA, et al. The suc-
cess of extracorporeal shock-wave lithotripsy based on the stone-

DECLARATIONS

Ethical approval and consent for participate: All procedures
performed in this study involving human participants were in
accordance with the ethical standards of the institutional research
committee and with the 1964 Helsinki declaration and its later
amendments. The study protocol was reviewed and approved by
the Aden University Ethics Committee on March 12, 2024
(approval number 132).

Consent for publication: Given the retrospective nature of the
study and the use of de-identified data, the requirement for
informed consent was waived by the Aden University Ethics
Committee.

Availability of data and material: The data supporting the
findings of this study are available from the corresponding
author upon reasonable request. The data are not publicly avail-
able due to privacy and ethical restrictions. 

Competing interests: The authors declare that they have no
conflict of interest, financial or otherwise, relating to the publi-
cation of this manuscript. No competing interests exist that
could influence the work reported in this paper.

Funding: This research received no specific grant from any fund-
ing agency in the public, commercial, or not-for-profit sectors. 

Authors' contributions: Mazen Karama: Conceptualization,
Methodology, Investigation, Data curation, Writing - original
draft, Visualization; Farida Noman: Investigation, Data curation,
Project administration, Writing - review & editing; Ahmed
Karama: Methodology, Formal analysis, Software, Validation,
Writing - review & editing; Faisal Ahmed: Conceptualization,
Supervision, Resources, Writing - review & editing, Corresponding
author. All authors have read and approved the final version of the
manuscript and agree to be accountable for all aspects of the work. 

Acknowledgments: None.

Declaration of Artificial Intelligence Assistance: During the
preparation of this work, the authors used DeepSeek (an AI-
assisted language model) for the following purposes:
• Editing and language refinement: To improve clarity, gram-

mar, and readability of the manuscript
• Formatting assistance: To structure tables and references

according to journal guidelines
• Literature synthesis: To assist in summarizing and integrat-

ing relevant research findings
After using this tool, the authors thoroughly reviewed and edit-
ed the content as needed and take full responsibility for the final
content of the manuscript.



Archivio Italiano di Urologia e Andrologia 2026; 98(3):14975

Mazen Karama, Farida Noman, Ahmed Karama, Faisal Ahmed

10

attenuation value from non-contrast computed tomography. Arab J
Urol. 2014; 12:155-61.

18. Kim TB, Park HK, Lee KY, et al. Life-threatening complication
after extracorporeal shock wave lithotripsy for a renal stone: a hepat-
ic subcapsular hematoma. Korean J Urol. 2010; 51:212-5.

19. D'Addessi A, Vittori M, Racioppi M, et al. Complications of
extracorporeal shock wave lithotripsy for urinary stones: to know and
to manage them-a review. ScientificWorldJournal. 2012;
2012:619820.

20. Al-Naggar K, Aljuma’ai N, Ahmed F, et al. Prevalence of urolithi-
asis in children from the EMRO region: A systematic review and
meta-analysis. Journal of Emergency Medicine, Trauma and Acute
Care. 2025; 2025(3).

21. Alhakamy M, AlShoaibi I, Abdo B, et al. Prevalence of urolithia-
sis in adults of the Eastern Mediterranean region: A systematic
review and meta-analysis. Urological Science. 2025; 36:176-84.

22. Hevia M, García Á, Ancizu FJ, et al. Predicting the effectiveness
of extracorporeal shock wave lithotripsy on urinary tract stones. Risk
groups for accurate retreatment. Actas Urol Esp. 2017; 41:451-7.

23. Salah M, Al-Ghashmi M, Tallai , et al. Predictors of treatment
failure and outcome assessment of extracorporeal shock wave
lithotripsy with the Dornier Compact Delta(R) III Pro: experience
from the first 1000 treatments. Arch Ital Urol Androl. 2025;
97:13867.

24. Fadallah M, Abdelhalim A, Hashem A, et al. The Ideal Interval
Between Repeated Shockwaves Lithotripsy Sessions for Renal Stones:
A Randomized Controlled Trial. J Endourol. 2023; 37:1305-13.

25. Bres-Niewada E, Dybowski B, Radziszewski P. Predicting stone
composition before treatment - can it really drive clinical decisions?
Cent European J Urol. 2014; 67:392-6.

26. Ouzaid I, Al-qahtani S, Dominique S, et al. A 970 Hounsfield
units (HU) threshold of kidney stone density on non-contrast com-
puted tomography (NCCT) improves patients' selection for extracor-
poreal shockwave lithotripsy (ESWL): evidence from a prospective
study. BJU Int. 2012; 110(11 Pt B):E438-42.

27. Yang R, Zhao D, Ye C, et al. Predicting ESWL success for ureter-
al stones: a radiomics-based machine learning approach. BMC Med
Imaging. 2025; 25:268.

28. Talyshinskii A, Ali S, Gauhar V, et al. CT-based radiomics for pre-
dicting stone-free rate after ESWL: a systematic review and meta-
analysis. World Journal of Urology. 2025; 43):566.

29. Lee JY, Kim JH, Kang DH, et al. Stone heterogeneity index as the
standard deviation of Hounsfield units: A novel predictor for shock-
wave lithotripsy outcomes in ureter calculi. Sci Rep. 2016; 6:23988.

30. Kim SC, Burns EK, Lingeman JE, et al. Cystine calculi: correla-
tion of CT-visible structure, CT number, and stone morphology with
fragmentation by shock wave lithotripsy. Urol Res. 2007; 35:319-24.

31. Bhatta KM, Prien EL, Jr., Dretler SP. Cystine calculi--rough and
smooth: a new clinical distinction. J Urol. 1989; 142:937-40.

32. The Impact of Renal Lower Pole Radiographic Anatomy on the
clearance of Stone fragments after Extracorporeal Shock wave
Lithotripsy. Medical Forum Monthly. 2024; 22(8).

33. Liu LR, Li QJ, Wei Q, et al. Percussion, diuresis, and inversion
therapy for the passage of lower pole kidney stones following
shock wave lithotripsy. Cochrane Database Syst Rev. 2013;
2013:Cd008569.

34. Owen K, Joe W, Ivander A, et al. Role of Noncontrast Computed
Tomography Parameters in Predicting the Outcome of
Extracorporeal Shock Wave Lithotripsy for Upper Urinary Stones
Cases: A Meta-analysis. Academic Radiology. 2024; 31:3282-96.

35. Pareek G, Hedican SP, Lee FT, Jr., Nakada SY. Shock wave
lithotripsy success determined by skin-to-stone distance on computed
tomography. Urology. 2005; 66:941-4.

36. Geraghty R, Pietropaolo A, Tzelves L, et al. Which Measure of
Stone Burden is the Best Predictor of Interventional Outcomes in
Urolithiasis: A Systematic Review and Meta-analysis by the YAU
Urolithiasis Working Group and EAU Urolithiasis Guidelines Panel.
Eur Urol Open Sci. 2025; 71:22-30.

37. Alsaikhan B, Andonian S. Shock wave lithotripsy in patients
requiring anticoagulation or antiplatelet agents. Can Urol Assoc J.
2011; 5:53-7.

38. Dhar NB, Thornton J, Karafa MT, Streem SB. A multivariate
analysis of risk factors associated with subcapsular hematoma for-
mation following electromagnetic shock wave lithotripsy. J Urol.
2004; 172(6 Pt 1):2271-4.

39. Knapp R, Frauscher F, Helweg G, et al. Blood pressure changes
after extracorporeal shock wave nephrolithotripsy: prediction by
intrarenal resistive index. Eur Radiol. 1996; 6:665-9.

40. Kostakopoulos A, Stavropoulos NJ, Macrychoritis C, et al.
Subcapsular hematoma due to ESWL: risk factors. A study of 4,247
patients. Urol Int. 1995; 55:21-4.

41. Nussberger F, Roth B, Metzger T, et al. A low or high BMI is a risk
factor for renal hematoma after extracorporeal shock wave lithotrip-
sy for kidney stones. Urolithiasis. 2017; 45:317-21.

42. Skuginna V, Nguyen DP, Seiler R, et al. Does Stepwise Voltage
Ramping Protect the Kidney from Injury During Extracorporeal
Shockwave Lithotripsy? Results of a Prospective Randomized Trial.
Eur Urol. 2016; 69:267-73.

Correspondence
Mazen Karama
Uromaz@gmail.com
Urology Department, Faculty of Medicine, Aden University, Aden, Yemen

Farida Noman
faridah.noman@outlook.com
Health Projects Manager, NGO, Aden, Yemen

Ahmed Karama
ahmedkarama94@gmail.com
Surgical Department, Al-Gomhoria Teaching Hospital, Aden, Yemen

Faisal Ahmed (Corresponding Author)
fmaaa2006@yahoo.com
Department of Urology, Faculty of Medicine, Ibb University, Ibb, Yemen


