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Background
Urinary stones are a common disease affecting one 
in 11 people  [1]. Their clinical presentation varies 
from being silent to severe loin pain owing to 
urinary obstruction. Bilateral ureteric obstruction 
may lead to chronic renal insufficiency if not promptly 
treated [2].

The management of urinary stones includes 
conservative medical treatment mainly for small stones 
and other treatment options including ureteroscopy, 
extracorporeal shockwave lithotripsy  (ESWL), and 
percutaneous nephrolithotomy. ESWL has many 
advantages of being a noninvasive treatment  [3]. 
Nonenhanced computed tomography (NECT) is the 
reference standard in the diagnosis of urinary stone 
and provides quantitative data about stone density that 
affects the outcome of ESWL [4].

The role of NECT in predicting ESWL outcome is 
widely investigated, including the following factors 
affecting stone outcome after ESWL session: size, 
mean density, and skin‑to‑stone distance (SSD) [4–6]. 
In this study, we aimed to investigate these factors and 
correlate them with a post‑ESWL stone‑free state.

Patients and methods
From January 2018 till April 2019, we prospectively 
examined 18 patients with renal pelvic or upper ureteric 
stones scheduled to perform ESWL. They had presented 
to the Urology Clinic at the Department of Urology 
with a history of renal colic, hematuria, and burning 
micturition, and then the patient was referred by the 
physician to the Radiology Department for performing 
CT kidney, ureter, and urinary bladder scan, as it is more 
accurate than plain radiograph and abdominal ultrasound. 
Patients signed informed consent. IRB of Assiut Faculty 
of Medicine approved the study (17101216).

We included adult patients older than 20 years, with 
stone size up to 25  mm for renal pelvic stones and 
up to 15 mm for upper ureteric stones. We excluded 
patients with febrile urinary tract infection, bleeding 
diathesis, pregnancy, severe skeletal malformation, and 
severe obesity.
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Skin-stone distance was measured as an average of three 
measurements from skin-to-stone; at 0°, 45°, and 90° on axial 
non-contrast CT. CT, computed tomographic.

Figure 2

Multiple measurements were taken: (a) central density (1094 HU), (b) 
anterior density (787 HU), (c) medial density (821 HU), (d) posterior 
density (782 HU), (e) lateral density (842 HU).

Figure 1
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They underwent NECT of the urinary system. CT 
kidney, ureter, and urinary bladders were done on supine 
patients by helical scan acquisition with a rotation time 
of 1 s, kV of 120, and mA of 300 on CT machine (Bright 
speed 16 slices;  General Electric Company, [Milwaukee, 
Wisconsin, USA]). Axial images were acquired with 
1.2‑mm slice thickness [to measure the highest mean 
stone density by Hounsfield unit (HU) and size of the 
stone] at a 2‑mm continuous increment. The density 
was measured in crosshair (point) rather than a region 
of interest. The stone density was measured by different 
measurements taken from the center and the peripheral 
one‑third at anterior, posterior, medial, lateral, superior, 
and inferior aspects of each stone, considering more 
than 1 mm from the stone edge for peripheral densities 
to avoid partial volume effect. We reported the highest 
values for each measurement. Moreover, the average 
density of the whole measurements was calculated from 
the previous measurements (Fig. 1).

Patients were prepared the day before ESWL by 
enema, fasting about 8 h to avoid gaseous distention, 
and by laboratory coagulation tests. ESWL sessions 
were performed without sedatives on an outpatient 
basis with a Dornier MedTech lithotripter. Patients 
were laid at a supine position and delivered 3000 
shocks at the session through one hour by a rate of 
60–90 shocks per minute to each stone using ultrasound 
waves for radiolucent stones and plain radiograph for 
radio‑opaque stones.

Follow‑up was done at 3 weeks after the session with 
abdominal radiograph film and ultrasound. If there 
were significant fragments, the second session of 
ESWL would be done. If only insignificant fragments 
were found, the patient received medical treatment 
and then evaluated after 4 weeks. The end point was 

the complete passage of all stone fragments or after 
3 months from the last ESWL session. ESWL success 
was defined as no residual stones or remaining stone 
fragments of less than 4  mm  (clinically insignificant 
residuals). We reported patient age, sex, stone size, 
location, and density in HU, as well as SSD (Fig. 2).

Statistical analysis
All statistical tests were performed using IBM‑SPSS 
23.0  (IBM‑SPSS Inc., Chicago, Illinois, USA) 
and MedCalc, version  18.2.1  ((MedCalc Software, 
Mariakerke, Belgium). Continuous data were 
expressed in mean and SD, whereas categorical data 
were expressed in count and percentage. The χ2 test 
compared the frequencies among categorical groups. 
For continuous variables, independent t test analysis was 
carried out if data were normally distributed, whereas 
the Mann–Whitney U test was calculated if data were 
not normally distributed. Univariate analyses were 
used to test significant predictors. Receiver operating 
characteristic curve was used to depict the diagnostic 
performance of significant predictors, analyzed as 
the area under the curve. A  significant P  value was 
considered when it is equal to or less than 0.05.

Results

Study population
A total of 18 patients who presented with renal pelvic 
or upper ureteric stones were included in the statistical 
analysis in the prospective study. The mean age of 
the recruited patients was 40.4  ±  16.5  years. A  total 
of 14  (77.8%) patients were males and four  (22.2%) 
patients were females.



Boxplot of average density in successful and failed cases.

Figure 4

Boxplot of central density in successful and failed cases.

Figure 3
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Stone characteristics
As shown in Table  1, there was no statistically 
significant difference between both groups regarding 
the stone size or location. Regarding the multiple 
CT density measurements, the central density 
showed a statistically significant difference between 
the two groups with higher densities in the failed 
group (P = 0.001), and to a lesser extent, the average 
density (P = 0.046) (Figs. 3 and 4).

Regression analysis to detect predictors of poor 
outcome
The regression test was performed to find predictors of 
successful ESWL. Only central density was significantly 
associated with a higher probability of successful 
ESWL (odds ratio = 0.995, P = 0.021) (Table 2). None 
of the other factors showed statistically significant 
predictive value.

Receiver operator characteristics curve of significant 
predictors
The analysis proved that center density less than 935 
HU predicts the successful outcome with sensitivity of 
71.4%, specificity of 90.9%, positive predictive value of 
83.3%, negative predictive value of 83.3%, and accuracy 
of 81.8% (Figs. 5 and 6 and Table 3).

Discussion
ESWL is an emerging minimally invasive treatment 
modality for renal pelvic and ureteric stones, 
beginning since 1980 used in selected cases  [7]. 
ESWL needs to be carefully selected in the 
background of favorable outcome criteria, otherwise 
unnecessarily exposing to the complication of the 
technique  [8]. In this study, we stated the failed 

outcome of ESWL as the presence of significant 
residual fragments larger than 4  mm, as used by 
other authors [9].

In this study, we aimed at investigating the different 
predictors of ESWL success using CT findings. We 
studied stone size, site, density, and SSD. Regarding 
the stone size, we found nearly equal sizes in both 
groups, with no statistically significant difference. 
However, many other previous works encountered 
the size relevance on the ESWL outcome, and the 
smaller stones had better outcomes  [3,4]. Our study 
failed to demonstrate that this may be attributed to 
the small sample size. Regarding the stone renal pelvic 
or ureteric location, we did not find any statistical 

Table 1 Comparison between successful and failed cases
Variables Successful (n=11) Failed (n=7) P
Stone size 11.83±4.3 10.4±5.6 0.548
Stone site

Renal pelvic 9 (81.8) 6 (85.7) 0.674
Ureteric 2 (18.2) 1 (14.3)

Anterior density 524.2±163.8 735.6±312.7 0.077
Posterior density 602.64±268.8 662.86±159.3 0.602
Lateral density 529.8±306.1 591.0±248.4 0.664
Medial density 513.6±212.6 684.1±244.8 0.137
Superior density 465.0±167.7 673.6±289.6 0.069
Inferior density 601.6±263.4 665.71±132.4 0.561
Central density 545.0±281.4 1102.3±323.9 0.001
Average density 537.7±178.3 730.7±195.5 0.046
Skin-to-stone distance 10.47±1.6 9.1±1.6 0.258

Data are presented as mean±SD and n (%).

Table 2 Predictors of successful extracorporeal shockwave 
lithotripsy: univariate regression analysis

Odds ratio 95% CI P
Central density 0.995 0.990-0.999 0.021
Average density 0.994 0.989-1.000 0.065

CI, confidence interval.



ROC curve of central density. ROC, receiver operating characteristic.

Figure 5

ROC curve of average density. ROC, receiver operating characteristic. 

Figure 6
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difference between both groups. A  study by Shinde 
et al.[10] concluded the same finding, whereas another 
study by Weld et  al.[11] showed the importance of 
the intrarenal location of the stone, as they included 
only intrarenal stone and found that stones at the renal 
pelvis or pelvi‑ureteric junction are passed better than 
calyceal stones. Upper and middle calyceal stones are 
cleared better than lower ones. Further studies should 
investigate renal and ureteric locations separately.

The primary study’s purpose is to study the relation 
between stone density and ESWL results. This issue is 
widely investigated through literature, and there is still 
no consensus.

Many previous studies show the prognostic value 
of stone density with a better outcome for smaller 
stones  [6,10,12,13]. This discrepancy between our 
results and the literature may be attributed to the small 
sample size, nonhomogenous sample, and the way of 
measuring stone density.

The only significant variable was the central density, 
where density in the successful ESWL group was 545 
HU, whereas in the failed ESWL group was 1102 HU, 
with a P value of 0.001. Moreover, the average densities 
were 537 and 730 HU in success and failure groups, 
respectively, with a P value of 0.046. The ROC analysis 
suggested cutoff values above it, failed ESWL would 
be predicted, that is, 935 HU for central density and 
704 HU for average density, with higher sensitivity, 
specificity, predictive values, and accuracy for central 

density. This can be supported by the evidence that the 
center of the stone is formed first as a nucleus upon 
which the peripheral parts are deposited, thus having 
a higher density, and better‑predicting stone response 
to ESWL.

Our cutoff values were near those of previous studies. 
Wang et  al.[5] found that stone density more than 
900 HU was a significant predictor of poor ESWL 
outcome. Other authors recommended different stone 
density thresholds, namely more than 1000 HU[14] 
and more than 750 HU [15].

We found no difference between the groups regarding 
SSD, with P value of 0.258. Previous studies conducted 
by Gonulalan et al. [16] and Cho et al. [6] agreed with 
our results. However, many other studies revealed the 
opposite  [10,17]. This difference may be related to 
different patient demographics.

A strength of this study is the development of a 
stone density method to refine the way of density 
measurement using crosshair  (point), thus avoiding 
partial volume effect encountered when using region 
of interest. Moreover, our study was prospective; thus, 
we could collect enough clinical, radiological data, as 
well as follow‑up results.

Our study had several limitations, given that the 
sample size is small, especially for subgroup analysis. 
Moreover, we did not assess the interobserver and 
intraobserver variability in measuring stone diameters 
and densities.

Table 3 Goodness criteria of computed tomographic predictors of successful extracorporeal shockwave lithotripsy
Cut-off value Sensitivity (%) Specificity (%) PPV NPV Accuracy AUC

Central density <935 71.4 90.9 83.3 83.3 81.8 90.9
Average density <704 42.9 72.7 50 66.7 58.4 75.3

AUC, area under the curve; NPV, negative predictive value; PPV, positive predictive values.
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CT is considered a precise method for urinary stone 
detection and ESWL outcome prediction. Central 
stone density is a promising characterizing parameter 
that may help in filtering unsuitable patients for 
ESWL.

Conclusion
ESWL is an important minimally invasive therapeutic 
tool used in the treatment of renal stones. ESWL needs 
to be carefully selected in the background of favorable 
outcome criteria, otherwise unnecessarily exposing 
exposure to the complication of the technique. CT 
is a beneficial tool in filtering patients and predicting 
stone‑free state after ESWL by assessing the central 
stone density.
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