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ABSTRACT
Extracorporeal shock wave lithotripsy (ESWL) is considered a standard treatment for nephrolith or kidney stones 
measuring less than 20 mm. Anatomical, machine-related, and stone factors play pivotal roles in treatment outcomes, 
the latter being the leading role. This paper examined the relationship between stone density on native CT scans and 
ESWL treatment to remove renal stones concerning several treatments. One hundred and twenty patients (64 males 
and 56 females) were enrolled and completed the study from April 2019 to September 2020. Inclusion criteria were 
a single renal pelvis stone of  5–20 mm to be treated for the first time in adult patients with no urinary or muscu-
loskeletal anatomical abnormalities. We assessed patients' renal function and obtained stone characteristics using a 
native CT scan. Patients were then scheduled for ESWL by the same machine and operator under fluoroscopy, with 
two-week intervals between treatment sessions when more than one treatment session was required. Before each new 
session, a new KUB-US was performed to reevaluate the stone. One hundred and twenty patient records were ana-
lyzed, 64 (53.3%) males and 56 (46.7%) females, with a mean age of  38.6 years and a mean stone size of  13.15 mm. 
Treatment with ESWL cleared stones in 76 (63.3%) patients, while 44 (36.7%) failed the treatment. The mean stone 
density in patients whose stones were cleared was significantly lower (661 vs. 1001) (P<0.001). Estimating renal cal-
culus (or kidney stone) density on a native CT scan might help prognosticate ESWL treatment outcomes regarding 
stone clearance rates and the number of  sessions required to clear a stone.
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INTRODUCTION

Extracorporeal shock wave lithotripsy (ESWL) has been 
the primary therapeutic option for small to medium-sized renal 
stones [1]. Factors affecting treatment outcomes have been thor-
oughly studied in trials to determine the primary influence, and 
nomograms were created to help predict treatment outcomes 
[2]. In addition to the shock wave generator itself, many stone 
characteristics have been the core of  research, including stone 
size, site, and composition [1, 2]. In 1988, Dretler brought the 
concept of  stone brittleness [3], after which the stone composi-
tion became the most crucial factor in predicting ESWL treat-
ment success. However, a big problem emerged because, in most 
patients, the stone composition is unknown before treatment. 
Many methods have been tested to determine the stone com-

position and fragility on ESWL, including pH, urinary crystal 
determination, bone densitometry, and radiological evaluation 
[4, 5]. Historically, stones were evaluated with plain KUB X-ray 
films, ultrasonography, and excretory computerized tomography 
urograms. Native CT scan is now regarded as the gold-standard 
imaging for evaluating patients with renal colic and kidney stones 
because it provides rapid and accurate information about the 
stone, with more significant density discrimination than conven-
tional radiographs [6, 7].

Furthermore, it can distinguish between stones and other 
radiolucent filling defects depending on substance density [7–9], 
with the latter being used to determine stone composition [10, 
11]. Important stone characteristics include stone size and com-
position. One major problem is the lack of  information on the 
stone composition before therapy. Many studies tried to link stone 
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density on native CT scans measured by Hounsfield units (HU) 
to stone composition and used it to predict treatment outcomes. 

Over the past several years, flexible ureteroscopy (fURS) 
and intracorporeal laser lithotripsy have emerged as competitive 
treatment choices for small and medium-sized renal stones with 
high efficacy and safety profiles [12, 13]. With the pros and cons 
of  the two treatment modalities, counseling and assisting pa-
tients with renal stones and choosing one modality over the other 
might be an uneasy task for the urologist. Stone density on native 
CT scans is a readily available and easy-to-measure feature that 
might be used to provide success rate estimates to patients as ac-
curately as possible [13, 14].

This paper assessed the role of  stone density on native CT in 
prognosticating stone-free rates after ESWL therapy of  renal stones.

MATERIAL AND METHODS

One hundred and fifty-seven patients with solitary renal pel-
vis stones scheduled for ESWL at Al-Ramadi Teaching Hospital 
consented and enrolled in this prospective observational study 
between April 2019 to September 2020. Still, only one hun-
dred and twenty patients (64 males and 56 females) completed 
the study and were considered for statistical analysis. Inclusion 
criteria were adults with a solitary renal pelvis stone treated for 
the first time, stone size between 5 and 20 mm, and no urinary 
or skeletal anatomical abnormalities. Patients with the same pre-
vious side or current ureteric stents were excluded. Moreover, 
patients with increased body mass index (BMI >30) were also 
excluded from the study.

Study design

First, all patients were assessed, and medical history and 
physical examination were performed. Then, a complete list of  
laboratory investigations was ordered according to the hospital 
protocols. These include thorough blood count, renal and liver 
function tests, and screening tests to check the coagulation profile 
and urinalysis. Urine culture was ordered only for patients with 
evidence of  urinary tract infection (UTI) on simple urinalysis, 
and all patients with active UTI were excluded from the study.

All patients had a native CT scan at diagnosis or later if  their 
stones were visualized first by ultrasonography. According to the 
hospital protocols, it is a standard practice for all patients sched-
uled for ESWL to have native CT scans (Philips brilliance 64 slice 
model 2006 with 3 mm slice thickness section, 120 kV, 300 MA). 

In this research, we focused on stone density in CT scans 
and did not consider the stone shape. However, we also consid-
ered the stone size, an important parameter in response to SWL. 

Sections were taken through the renal calculi to determine 
the stone dimensions and density utilizing soft tissue settings of  
a window width level of  360 and 60 Hounsfield units, individ-
ually. A multiplanar reconstruction (MPR) was then performed 
for more accurate stone characterization. The mean density of  
each stone was measured in both axial and MPR images in four 
sites, and the mean was calculated and used in this study. CT 
interpretation and stone density measurement was carried out 
by a uroradiologist with more than 5 years of  experience. All pa-
tients were treated by ESWL Piezolith 3000 plus 2017 (Richard 
Wolf) under sedation by an expert operator with over 10 years of  
experience. Stone fragmentation was monitored by fluoroscopy. 
The hospital ESWL treatment protocol starts with 0.1 KV and 
increases gradually stepwise to a maximum of  4.0 KV. In each 

ESWL session, a maximum of  4000 shock waves were delivered 
at a frequency of  1.5 Hz. Two-week intervals were kept between 
retreatment sessions. Before each new session, an ultrasound 
of  the kidney, ureter and bladder (KUB-US) was performed to 
re-assess the stone. A stone of  less than 5 mm was considered 
clinically insignificant residual fragments (CIRF) and was treated 
conservatively, and the case counted as a success. A maximum 
of  4 treatment sessions were offered. Patients who failed the 4th 
session were referred back to the urology outpatient department 
to discuss other possible treatment options and were counted as 
a failure.

Data analysis

Only patients who completed the study were included in the 
statistical analysis. Patients lost during follow-up or who devel-
oped active UTIs that prevented or delayed further ESWL ses-
sions or required ureteric stenting were excluded from the ana-
lytical examination.

Data were examined using the Statistical Package for Social 
Sciences (SPSS v.28) software, using Chi-square, two-tailed t-test, 
and multinominal logistic regression. A 95% confidence interval 
was used, and a P-value ≤0.05 was considered significant.

RESULTS

We analyzed the records of  120 patients, including 64 (53.3%) 
males and 56 (46.7%) females. Their ages ranged between 19 and 
70 years (mean age 38.6 years). The overall mean stone size was 
13.15 mm (5–20 mm), with a non-significant difference between 
the responders and non-responders (12.44±3.41 vs. 12.1±3.12) 
(P>0.05). Stones were almost equally distributed between the 
right and left sides. 61 (51.7%) stones were on the right side, and 
59 (48.3%) were on the left. Eight patients (10.5%) had stone 
clearance after 2 ESWL sessions, 66 (86.8%) after 3 sessions, and 
two patients (2.6%) after 4 sessions. No patient was stone-free 
after one session (Table 1).

Following ESWL therapy, 76 (63.3%) patients had stone 
clearance, while 44 (36.7%) patients failed to respond by the 
fourth session. There was a significant statistical difference be-
tween the mean stone density in the responders (661±139 HU) 
and the non-responders (1001±98 HU) (P<0.001), as shown in 
Table 2. A statistically significant overall correct prediction of  
treatment outcome of  86.8% (P<0.001) was achieved with multi-
nominal logistic regression, as detailed in Table 3.

Furthermore, the number of  sessions required to clear a stone 
significantly depended on the stone density (P=0.001) (Table 4).

The number of  sessions needed to clear the stone and the 
density (HU) had a linear relationship, as seen in Figure 1. The 
one-way ANOVA analysis showed significant differences in dis-
tribution (P<0.001).

Comparing the role of  stone size and density on treatment 
outcome, the univariate analysis showed stone density to be a 
more excellent predictor of  response and several treatments. 
Moreover, only stone density was a significant factor when per-
forming stepwise logistic regression using stone density and size 
as independent variables and the number of  sessions needed to 
clear a stone as the dependent variable. This is also apparent 
when comparing the significant predictive value (P-value) of  stone 
size (Table 4) and stone density (Table 3). Additionally, a linear 
relationship was found between the stone density and the num-
ber of  essential treatments for renal stones. Univariate analysis 
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Table 1. Demographic and clinical data of patients.

Analyzed parameters No %

Age (years), Mean±SD (Range) 38.6±13.8 (19–69)

Gender
Male 64 53.3

Female 56 46.7

Stone side
Right 61 51.7

Left 59 48.3

Stone size (mm), Mean±SD (Range) 13.15±4.9 (5–20)

CT scan stone density (HFU), Mean±SD (Range) 786.0±206.8 (290–1300)

ESWL Response
Yes 76 63.3

No 44 36.7

Number of sessions 

2 8 10.5

3 66 86.8

4 2 2.6

Table 2. Demographic and clinical data of patients according to ESWL response.

* – Significant difference between percentages using Pearson Chi-square test (X2-test) at 0.05 level. # – Significant difference between two inde-
pendent means using Student's t-test at 0.05 level. 

Parameters
Responder Nonresponder

P-value
No % No %

Age (years) Mean±SD (Range) 40.6±13.6 (19–69) 42.2±14.1 (20–69) 0.534

Gender
Male 43 56.6 21 47.7

0.349
Female 33 43.4 23 52.3

Stone side
Right 39 51.3 22 50.0

0.631
Left 37 48.7 22 50.0

Stone size (mm) Mean±SD (Range) 12.44±3.41 (5–20) 12.1±3.1 (5–20) 0.472

CT scan stone 
density (HFU)

<400 HFU 7 9.2 - -

0.0001*

400 2 2.6 - -

500 5 6.6 - -

600 29 38.2 - -

700 28 36.8 - -

800 3 3.9 4 9.1

900 2 2.6 29 65.9

≥1000 HFU - - 11 25.0

Mean±SD (Range) 661±139 (290–910) 1001±98 (850–1300) 0.0001#

Table 3. The predictive value of stone density on response to ESWL.

Classification

Observed
Predicted

No response Response-2  
sessions

Response-3  
sessions

Response-4  
sessions Percent correct

Not response 43 0 1 0 97.7%

Response-2 0 8 0 0 100.0%

Response-3 2 1 63 0 95.5%

Response-4 0 0 2 0 0.0%

Overall percentage 37.5% 7.5% 55.0% 0.0% 95.0%
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revealed that stone density is a better predictor of  response and 
the number of  sessions needed than stone size.

DISCUSSION 

Many urology guidelines consider ESWL one of  the best 
treatment modalities for small and medium-sized renal stones 
[15]. Stone clearance rates and complication profiles that mea-
sure the outcomes of  any treatment modality depend on many 
factors. These factors are related to the stone, the patient, and 
the technology used [2]. Stone composition is essential to pre-
dicting stone fragility, but unfortunately, it is a piece of  missing 
information in most cases unless the patient previously had a 
certain type of  stone, especially those with underlying metabolic 
derangement.

In the presence of  other minimally invasive treatment op-
tions like flexible ureterorenoscopy (fURS) and laser lithotripsy, 
predicting ESWL success rates becomes essential in counseling 

patients with renal stones and helping them favor one technique 
over the other [15].

Different maneuvers can be used to predict the stone com-
position. The type of  particles and crystals excreted in urine af-
ter ESWL can be used [16], while Cohen and Parkhouse tried 
urinalysis with scanning electron microscopy [17]. A plain ab-
dominal X-ray is one of  the initial imaging techniques used for 
patients with stone disease. The ability to predict stone fragility 
on plain X-ray films was studied very early. Chaussy and Fuchs 
believed that if  the stone has a lesser radiodensity than the spine, 
it is likely to break readily on ESWL, while stones with more ra-
diodensity than the spine are more challenging to fragment [18]. 
Some data showed that smooth-edged homogenous stones re-
quired more shock waves to fragment than stones with round, ra-
dially reticulated, speculated edges and irregular margins [3, 4]. 
Density measurement on plain X-ray is subjective and regarded 
as qualitative rather than quantitative, limiting its clinical use.

On the other hand, CT scan is now available, non-invasive, 
and can provide excellent density discrimination and quantitative 

Table 4. Correlations between the number of sessions and the stone density.

Parameter estimates

No of sessions a B Std. Error Wald df Sig. Exp(B) 
(Odd ratio)

95% Confidence 
Interval for Exp(B)

Lower 
bound

Upper 
bound

Two 
sessions

Intercept 59.991 16.020 14.024 1 .000 - - -

Stone Size .047 .249 .035 1 .852 1.048 .644 1.705

Stone density (HFU) -.083 .019 18.339 1 .000 .920 .886 .956

Three 
sessions

Intercept 50.566 15.595 10.513 1 .001 - - -

Stone Size -.065 .185 .124 1 .725 .937 .652 1.347

Stone density (HFU) -.058 .017 11.301 1 .001 .944 .913 .976

Four 
sessions

Intercept 24.752 14.076 3.092 1 .079 - - -

Stone Size .084 .208 .162 1 .687 1.087 .723 1.634

Stone density (HFU) -.031 .015 4.263 1 .039 .969 .941 .998

a – The reference category is: no response.

Figure 1. Relationship between the stone density (HU) and the number of ESWL sessions.
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measurement of  stone density. In addition, the stone density mea-
sured in HU may be used to predict the stone composition and 
response to ESWL therapy [10, 15]. Masuomy et al. showed that 
the overall sensitivity of  CT-scout in testing the density of  uri-
nary stones is 86.27% (from 80.8 to 86.5%) [19]. Moreover, the 
specificity of  the CT-scout density in detecting stone consistency 
was 64.29%. The size of  the stone can influence the sensitivity: a 
concernment diameter of  5 mm or more raises the sensitivity of  
the scanning [19]. 

Our study correlated stone HU obtained on native CT with 
its fragility. Our results revealed a negative relationship between 
the two; the higher the stone HU, the lesser the chance of  achiev-
ing clear stone status. Therapeutic consideration can be inferred 
from these results by predicting the likelihood of  success of  
ESWL therapy for renal stones, the number of  sessions required 
for complete stone fragmentation, and the need for early consid-
eration of  other therapeutic options.

Motley et al. reported that HU determination on native CT 
did not predict stone composition [11]. They failed to find any 
significant difference in mean stone density (in HU) among calci-
um, uric acid, struvite, and cystine stones. A possible explanation 
may be the low number of  uric acid stones (only 7) or the het-
erogenicity of  stones in their sample. On the other hand, Gyan 
and colleagues found that although there was no significant dif-
ference in stone density when comparing calcium oxalate with 
calcium phosphate stone, a significant difference was observed 
between these two stone types and uric acid stones. This may be 
due to the sample's higher number of  uric acid stones. They also 
correlated stone density with clearance rates and concluded that 
36% of  patients with residual calculi had a mean stone density 
of  ≥900 HU compared to ≤500 HU in 74% of  cleared stones 
[20]. Similarly, Newhouse et al. used native CT to measure stone 
density to analyze stone composition accurately. They reported 
that uric acid and cystine calculi could be identified, but calci-
um-containing calculi such as brushite and oxalate could not be 
differentiated from each other [21]. Mostafavi et al. (1998) [10] 
and Michael et al. (2010) [22] used dual-energy CT scans and 
could determine stone composition more precisely. They could 
even differentiate between different types of  calcium-containing 
stones, such as brushite and oxalate from struvite stones.

Saw et al. [23] investigated the relationship between the cal-
culus attenuation value in an in vitro analysis, and several shock 
waves were required to break it into pieces. They concluded that 
generally, for calcium stones, the number of  shock waves needed 
to fragment a stone was less than half  its attenuation value (HU); 
this is what they called the "half-attenuation rule", which predicted 
the number of  shock waves needed to break 95% of  cases in their 
study. In an interesting in vivo study, Nakada et al. [24] studied the 
attenuation size ratio (peak attenuation/calculus size) concerning 
the findings from the calculus analysis. They found a significant 
difference between uric acid stones, with a mean of  344 HU, and 
calcium oxalate stones, at 652 HU. By utilizing an attenuation/size 
ratio threshold of  >80, the negative predictive value that the cal-
culus would be predominantly made of  calcium oxalate was 99%.

It was observed by Joseph et al. that patients with calculi 
of  <500 HU had complete clearance and required 2500 shock 
waves, whereas those patients with calculi of  500–1000 HU had 
a clearance rate of  86% and needed 3390 shock waves. Lastly, 
patients with calculi of  ≥1000 HU had a clearance rate of  55%, 
demanding 7300 shock waves. They recommended that percuta-
neous nephrolithotomy should be considered if  the attenuation 
value of  the calculus was >950 HU and 7500 shock waves did 
not achieve adequate fragmentation [25].

This prospective observational study investigated the rela-
tionship between stone density and size with treatment outcomes. 
Higher stone density was associated with lower clearance rates 
and more treatment sessions. Furthermore, stone density was 
a better predictor of  ESWL success than stone size itself. This 
study also opened the prospect for possible treatment of  larger 
stones (>2 cm) with low stone density using ESWL. 

CONCLUSION

Our findings suggest that a pretreatment measurement of  
stone density (in HU) using a native CT scan might be a good 
predictor of  stone-free rates following ESWL treatment of  small 
and medium-sized renal stones. Moreover, it is a better predictor 
of  treatment outcome than stone size. This information could be 
used for counseling patients with renal stones when choosing be-
tween different treatment modalities, especially ESWL and retro-
grade intrarenal surgery in the era of  flexible ureteroscopy. We 
recommend measuring stone density for all patients scheduled 
for ESWL therapy before counseling and commencing treat-
ment, which will increase overall patient satisfaction and reduce 
the retreatment burden on the health system.
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