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Abstract

Introduction and Objectives. Several methods of treatment of patients with urolithiasis have been formulated, and 
ESWL is one of the most popular. The aim of this study is to find the patient profile that is expected to have an in-
creased ESWL success rate (BMI, stone opacity, multiple stone, hydronephrosis, stone contour) and to produce a score 
of predictability, useful for the discussion with the patient.  

Materials and Methods. A retrospective study based on the evaluation of 739 urinary lithiasis patients who under-
went extracorporeal shock wave lithotripsy (ESWL) at the Urology Clinic Iași between November 2015 and September 
2018. In all patients, the demographic data and radiological characteristics of the stones were followed and scores 
were given from 0 to 2, depending on the favorability for stone free at 3 months. Summing the points, resulted a score 
that could predict the success rate of treatment.

Results. The general stone free rate was 68.1%. There were no significant differences in the baseline characteristics. 
The most favorable location was the superior calix (92.9%, p=0.024) and the therapeutic success is even greater as 
the stone is less opaque and its shape is rough. Stone-free rates were 83% for scores 1-4, 61.4% for 5-6, and 46.3% for 
those with a score 7-10 (p=0,001). We noticed a stone-free rate at 3 months higher for calculus < 10 mm (73.2% vs. 
54.3%, p=0.0001). Patients without hydronephrosis had the highest success rate, decreasing with a higher dilation 
(p=0.001).

Conclusions. This study demonstrated that radiological findings (size, shape and density of the stone) are significant 
indexes for predicting stone-free rate 3 months after ESWL. This score could be implemented in departments that 
don`t have a computer-tomographic evaluation of the lithiasis patient. Further studies are needed in order to improve 
the accuracy and the importance of every parameter for specific cases.
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Introduction and Objectives

ESWL is an acceptable technique and widely used 
because it is a non-invasive treatment and, for many 
lithotriptors, does not require anesthesia. [1] However, 
not all ESWL treatments are successful. The success rate 
has been reported to be between 50%-90% [2], depend-
ing on stone size, location, number, renal morphology, 
congenital anomalies and stone composition. [3]

Indeed, ESWL is less invasive compared with oth-
er modalities such as ureteroscopy or PCNL, but it has 
limitations in treatment efficacy [4]. Therefore, it`s nec-
essary to discuss with the patient from the beginning 
the chances for stone free (SF) status when we choose 
a treatment strategy, especially for patients anticipated 
to have a low success rate or who will require an addi-
tional therapy. 

Several studies have investigated how to predict 
the success of ESWL using noncontrast computed to-
mography (NCCT). Most studies had shown that the 
consistency, size, shape, location, and attenuation val-
ue of urinary calculi measured in Hounsfield unit (HU) 
density on NCCT and body mass index (BMI), according 
skin to stone distance (SSD), may be predictors of ESWL 
success. [5-6]

However, NCCT has some disadvantages. NCCT 
evaluation is costly, and this procedure exposes pa-
tients to more radiation than does plain x-ray (KUB) [7], 
so we need to integrate the basic information from KUB 
with other factors that influence the fragmentation of 
stones (BMI, stone opacity, multiple stone, hydrone-
phrosis, stone perimeter) in the absence of a NCCT 
evaluation.

The aim of this study is to find the patient profile 
that is expected to have an increased ESWL success 
rate and to produce a score of predictability useful for 
the discussion with the patient.

Materials and Methods
We had evaluated all patients who underwent 

ESWL in Urology and Renal Transplantation Clinic of 
“Dr. C.I. Parhon “Iasi between November 2015 and Sep-
tember 2018. Lithotripsies were performed using a sec-
ond-generation spark gap lithotriptor.

All patients underwent a baseline evaluation, in-
cluding a demographic data, medical history (hyper-
tension, diabetes), clinical findings BMI, abdominal 
circumference), an ultrasonography, a plain x-ray and 
intravenous pyelogram. The radiological parameters 
on x-ray included stone location, length, surface out-

line, and stone density relative to that of the 12th rib. 
Was noted also the presence of a double J stent insert-
ed previously to ESWL 

The surface of the stone was classified as smooth, 
moderate smooth or irregular as we could see it on 
KUB. Stone density relative to that of the 12th rib was 
assigned a value of less than, equal to, or more than 
the radiodensity of the 12th rib. We have excluded the 
patients who did not returned back for control, even, 
based on the circumstances, they it would have good 
chances to become stone-free.

The points were noted:
1. BMI: 0 points - < 24.9, 1 point - 25-29.9, 2 points - > 30
2.  Radioopacity of the stone: 0 - stone barely visible on 

KUB, less than 12-th rib; 1 - stone visible on KUB but 
not homogenous, 2 - stone intense radioopaque.

3.  Obstruction induced by the stone: 0 - no dilation, 1 - 
moderate dilation, 2 - important dilation

4.  The surface of the stone: 0 - barely visible and irreg-
ular, 1 - irregular but visible, 2 - the sharp contour of 
the stone

5.  Number of stones in the same calix: 0 - one stone, 
1 - 2 stones, 2 - 3 or more stones

The evaluation was performed at 30 days after the 
first ESWL session and, according to the stone fragmen-
tation rate and the wish of the patient, we continued 
ESWL or changed the therapeutic strategy (PCNL or ret-
rograde ureteroscopy).

Results
A total of 739 patients were enrolled in this retro-

spective study. The general stone-free rate was 68.1%. 
There were no significant differences in the baseline 
characteristics, such as age, gender, the patient’s home 
environment and BMI.

The location with the most favorable results was the 
superior calix (92.9%, p=0.054). 22.9% of patients with 
lumbar ureteral stone required the autostatic stenting 
and at 19.1% of patients with pelvic ureteral stone was 
successfully performed a retrograde ureteroscopy after 
ESWL failure (table 1).

The highest rate of SF at 3 months was for the stone 
smaller than 10 mm (73.3% vs 54.1%, p=0,0001).

The therapeutic success is even greater as the stone 
is less opaque, the surface outline is irregular and is not 
influenced by the presence of a JJ stent or by the num-
ber of stones in the same calix group (table 3, 4). 
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line, and stone density relative to that of the 12th rib. 
Was noted also the presence of a double J stent insert-
ed previously to ESWL 

The surface of the stone was classified as smooth, 
moderate smooth or irregular as we could see it on 
KUB. Stone density relative to that of the 12th rib was 
assigned a value of less than, equal to, or more than 
the radiodensity of the 12th rib. We have excluded the 
patients who did not returned back for control, even, 
based on the circumstances, they it would have good 
chances to become stone-free.

The points were noted:
1. BMI: 0 points - < 24.9, 1 point - 25-29.9, 2 points - > 30
2.  Radioopacity of the stone: 0 - stone barely visible on 

KUB, less than 12-th rib; 1 - stone visible on KUB but 
not homogenous, 2 - stone intense radioopaque.

3.  Obstruction induced by the stone: 0 - no dilation, 1 - 
moderate dilation, 2 - important dilation

4.  The surface of the stone: 0 - barely visible and irreg-
ular, 1 - irregular but visible, 2 - the sharp contour of 
the stone

5.  Number of stones in the same calix: 0 - one stone, 
1 - 2 stones, 2 - 3 or more stones

The evaluation was performed at 30 days after the 
first ESWL session and, according to the stone fragmen-
tation rate and the wish of the patient, we continued 
ESWL or changed the therapeutic strategy (PCNL or ret-
rograde ureteroscopy).

Results
A total of 739 patients were enrolled in this retro-

spective study. The general stone-free rate was 68.1%. 
There were no significant differences in the baseline 
characteristics, such as age, gender, the patient’s home 
environment and BMI.

The location with the most favorable results was the 
superior calix (92.9%, p=0.054). 22.9% of patients with 
lumbar ureteral stone required the autostatic stenting 
and at 19.1% of patients with pelvic ureteral stone was 
successfully performed a retrograde ureteroscopy after 
ESWL failure (table 1).

The highest rate of SF at 3 months was for the stone 
smaller than 10 mm (73.3% vs 54.1%, p=0,0001).

The therapeutic success is even greater as the stone 
is less opaque, the surface outline is irregular and is not 
influenced by the presence of a JJ stent or by the num-
ber of stones in the same calix group (table 3, 4). 

elimination No elimination JJ URS PCNL No evidence Total

Localization pelvis No. 118 20 3 8 24 2 175

% 67.4% 11.4% 1.7% 4.6% 13.7% 1.1% 100.0%

Superior calyx No. 13 1 0 0 0 0 14

% 92.9% 7.1% 0.0% 0.0% 0.0% 0.0% 100.0%

Middle calix No. 46 16 0 0 0 1 63

% 73.0% 25.4% 0.0% 0.0% 0.0% 1.6% 100.0%

Inferior calix No. 152 42 1 3 4 5 207

% 73.4% 20.3% 0.5% 1.4% 1.9% 2.4% 100.0%

lumbar No. 105 4 39 18 2 2 170

% 61.8% 2.4% 22.9% 10.6% 1.2% 1.2% 100.0%

pelvic No. 69 3 11 21 1 5 110

% 62.7% 2.7% 10.0% 19.1% 0.9% 4.5% 100.0%

Total No 503 86 54 50 31 15 739

Table 1. Results at 3 months

elimination No elimination JJ URS PCNL No evidence Total

Density on 
x-ray

No. 3 0 0 0 0 0 3

% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0%

lower No. 141 13 9 4 2 3 172

% 82.0% 7.6% 5.2% 2.3% 1.2% 1.7% 100.0%

moderate No. 193 26 10 19 4 9 261

% 73.9% 10.0% 3.8% 7.3% 1.5% 3.4% 100.0%

higher No. 166 47 35 27 25 3 303

% 54.8% 15.5% 11.6% 8.9% 8.3% 1.0% 100.0%

Total No. 503 86 54 50 31 15 739

% 68.1% 11.6% 7.3% 6.8% 4.2% 2.0% 100.0%

Table 3.

elimination No elimination JJ URS PCNL No evidence Total

dimensions No data No. 7 4 2 0 0 1 14

% 50.0% 28.6% 14.3% 0.0% 0.0% 7.1% 100.0%

<=10 mm No. 396 51 39 36 6 13 541

% 73.2% 9.4% 7.2% 6.7% 1.1% 2.4% 100.0%

>10 mm No. 100 31 13 14 25 1 184

% 54.3% 16.8% 7.1% 7.6% 13.6% 0.5% 100.0%

Total No. 503 86 54 50 31 15 739

% 68.1% 11.6% 7.3% 6.8% 4.2% 2.0% 100.0%

Table 2. Results at 3 months.
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Patients without hydronephrosis had the highest 
rate of success, decreasing with increasing dilation 
(p=0.001). The highest percentage of patients requir-
ing ureteral catheterization (after ESWL) were those 
with grade II-IV dilatation (17.8%), the need for this 
intervention decreasing with the degree of dilatation. 
The same trend is seen in those who required ureteros-
copy (p = 000.1).

Stone-free rates for the stone smaller than 10 mm 
were 83.8% for scores 1-4, 65.7% for 5-6, and 54.9% for 
those with a score 7-10, and for those bigger than 10 
mm were 78%, 54.3% and respectively 34.7% (table 5, 6).

Discussions
According to Ng et al. [8], the effect of BMI on the 

ESWL outcomes is probably related to the skin to stone 
distance (SSD) which reflects the shock wave path in the 
body. Because body fat distribution varies, BMI may not 
really reflect the body fat distribution, which is probably 
the most important factor affecting SSD.That why, SSD 
is probably a more direct measurement of the effect of 
body distribution on SWL results than BMI. In our study, 
BMI is not a predictive factor for ESWL success.

Surface outline is an important factor for renal 
stone fragmentation. According to Bon et al., stone 
surface in the SF group was predominantly rough 
(63.5%) and had a density lower than or equal to that 
of bone (71%), whereas the stones in the non-SF series 
were most often smooth (57.3%) and denser than bone 
(57.8%) [9]. The data from the Lim study did not show 
any difference in success rates based on the contour 
surface [10]. Arshadi demonstrated the opposite, accord-
ing to his study, the smooth contour had a higher SF 
rate [11]. However, in our study, the stone with an irreg-
ular shape had a higher rate of SF.

Stone size was considered to be an ESWL-suc-
cess indicator in many studies. Ng et al. showed that 
a greater stone volume and mean stone density were 
significant predictors of a lower SF rate [8]. According to 
Lim, stone size was an independent predictive factor 
for ESWL success. In the smaller-stone group (diameter 
less than 10 mm), a difference in SF rates and numbers 
of sessions was observed [10]. The same result was ob-
served in our study.

In a study of 435 patients, Kanao et al. showed that 
the length, location and number of the stone, were 

elimination No elimination JJ URS PCNL No evidence Total

Surface 
outline

smooth No. 26 1 1 2 2 2 34

% 76.5% 2.9% 2.9% 5.9% 5.9% 5.9% 100.0%

moderate No. 308 35 15 18 5 9 390

% 79.0% 9.0% 3.8% 4.6% 1.3% 2.3% 100.0%

rough No. 169 50 38 30 24 4 315

% 53.7% 15.9% 12.1% 9.5% 7.6% 1.3% 100.0%

Total No. 503 86 54 50 31 15 739

% 68.1% 11.6% 7.3% 6.8% 4.2% 2.0% 100.0%

Table 4

yes no No evidence Total

Scor 1-4 No. 223 37 6 266

% _ 83.8% 13.9% 2.3% 100.0%

5-6 No. 134 64 6 204

% 65.7% 31.4% 2.9% 100.0%

7-10 No. 39 31 1 71

% 54.9% 43.7% 1.4% 100.0%

Total No. 396 132 13 541

% din 
Scor_

73.2% 24.4% 2.4% 100.0%

Table 5. SF rates for stones ≤ 10mm

yes no No evidence Total

Scor 1-4 No. 32 9 0 41

% 78.0% 22.0% 0.0% 100.0%

5-6 No. 51 42 1 94

% 54.3% 44.7% 1.1% 100.0%

7-10 No. 17 32 0 49

% 34.7% 65.3% 0.0% 100.0%

Total No. 100 83 1 184

% 54.3% 45.1% 0.5% 100.0%

Table 6. SF rate for stones > 10mm.
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of ESWL. The location of the stone was considered an 
important prognostic factor. The general “stone-free” 
rate was 66.1% and the proximal ureter was better than 
those located in the middle and distal portion (80.6%, 
respectively 75.8% and 76.7%) [12].

Abdel-Khalek et al. reported that success rates for 
lumbar, iliac, and pelvic stones were 92.8%, 85.4% and 
82.7% [13]. Shiroyanagi et al. also reported that overall 
success rates with ESWL after 3 months were 82.6%, 
78.6%, and 63.8% for proximal, middle and distal. The 
reason for lower success rates for those localized in the 
portion middle and distal ureter might be the difficulty 
of focusing. On the other hand, the ESWL elimination 
rate was higher for those located in the renal pelvis 
compared to the calyx [14]. In our study there were no 
statistically significant differences between the proxi-
mal an distal localization.

In many studies, stone number was a significant 
factor of ESWL success rate. According to Chongruk-
sut et al., a single stone was a strong factor and had 
a higher success rate than multiple stones, since the 
energy of the shock waves compress the surface of a 
single stone, leading to easy fragmentation [15]. Similar-
ly, Abdel-Khalek et al. showed that stone number was 
a significant predictor of ESWL outcome. Some studies 
concluded that the number of stones can predict a bet-
ter ESWL success rate than the stone size [13]. But in our 
study, there were no significant differences after evalu-
ating ESWL success at 3 months according to number 
of stones in each calix group (p=0.049)

Bon et al. found that the stones that appeared dens-
er than bone (12th rib or transverse process) responded 
poorly to ESWL [9]. Aeberli et al. did not find a correla-
tion between stone density and stone fragility [16]. In 
our study, stone density relative to that of bone on KUB 
was an independent predictor of ESWL failure, the pa-
tients with a stone density equal to or lower than that 
of bone on KUB had a relatively higher probability of 
ESWL success than did those with a density higher than 
that of bone. Although, this method has some major 
drawbacks related to the subjective nature of assess-
ment and therefore is rarely used in clinical practice.

Numerous CT-based metrics have been described 
as predictors of SWL outcomes. The CT-scan is an use-
ful tool in order to evaluate the hardness of stones, al-
though, according to Chaussy and Tiselius, if a previous 
stone analysis is available, the stone composition is a 
very valuable information, because stones composed 
of calcium-oxalate monohydrate, brushite, or cystine 
are the most shockwave resistant [17]. 

Tran et al. developed a scoring system, the Triple D 
Score, which incorporates three metrics—stone densi-
ty, stone volume (dimensions), and skin-to-stone dis-

tance (SSD), to augment the prediction of ESWL treat-
ment outcome. Receiver operator characteristic (ROC) 
curves were generated to determine cutoff values 
for each parameter. The Triple D Score was calculated 
based upon the number of cutoff values a stone fell be-
low. The authors showed that a Triple D Score of 0, 1, 
2, and 3 correlated with ESWL success rates of 21.4%, 
41.3%, 78.7%, and 96.1%, respectively (18). Ozgor et al. 
tried to validate and evaluate the reliability of Triple D 
Score. The authors reported that Triple D scores of 0, 
1, 2, and 3 were correlated with SFR’s of 41.7%, 33.7%, 
69.4%, and 97% respectively [19]. Their results are con-
tested by Sabour which states that Ozgor’s conclusions 
are a misleading message, because none of the earli-
er methodological issues regarding reliability, validity, 
and prediction have been taken into account [20].

Badran et al. evaluated 180 patients with symptomat-
ic upper urinary tract calculi 20 mm or less treated trough 
ESWL and proposed a combination score based on CT-
scan parameters like stone density and SSD, which influ-
enced the SWL results as shown in the table below [21].

Stone size Stone HU SSD SFR 
(%)

Stone <10 mm

Stone >10 mm

Stone HU <830
Stone HU>830
Stone HU>830
Stone HU <830
Stone HU >830
Stone HU >830

SSD<90 or >120
SSD<90

SSD>120
SSD<90
SSD<90

SSD>120

100
83.30
37.50
100

52.60
28.57

Other authors developed nomograms to predict SFR 
after SWL. Kim et. al., in 3028 patients treated with ESWL 
for renal and ureteral stones, used variables like sex, stone 
location, stone number, and maximal stone diameter in 
the Total-development cohort, and mean Hounsfield 
unit and grade of hydronephrosis to issue a nomogram. 
Using a logistic regression model, the concordance in-
dex (c-index) obtained was between 0.71 and 0.75, thus, 
according to the authors, their nomograms have high 
accuracy and reliability in a large cohort. [22]

CT technology is revolutionizing the way urologists 
think about stones. The basic principle with which all 
urologists should be familiar is measuring the HU of the 
stones they treat using one of the aforementioned pre-
operative nomograms or models, and conscientiously 
evaluating and discussing the merits of re-treatment 
after their patients undergo a stone procedure. But not 
all clinics have the opportunity to evaluate with NCCT 
the   patient with renal and ureteral lithiasis, that`s why 
we purpose this score who could predict the success 
after ESWL. 

Beside the majority of the studies that developed 
predictive nomograms based on NCCT evaluation (for 
example DIT score made by Tran and Triple D score 
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made by Bengioet al.), there are few similar studies 
based on KUB. For example, Kanao et al. developed no-
mograms based on stone size, location and number. [12] 
Lim et al. suggest that larger stone size, longer time to 
ESWL, and ureteral stones with a radiodensity greater 
than that of the 12th rib may be at a relatively higher 
risk of ESWL failure 1 month after the procedure. [10] But 
nobody tried to gather more radiological parameters 
in a single score who could predict the ESWL success 
without appealing to NCCT evaluation. According to 
our study, a lower score had a higher SF rate.

Our study had several limitations. First of all, one 
problem was with the subjectivity of the radiologists 
when they determined the radiodensity and the shape 
of the stones based on KUB. Second, being a retrospec-
tive study, some of the results were after the patients’ 
statements, so a prospective study could lead to more 
accurate results. Third, we don’t know yet the impor-
tance of each parameter entering the score, and this 
will be our goal for the next period of time (a compara-
ble situation is in the case of Gleason score for prostate 
cancer, where the Gleason score 7 (4 + 3) score has not 
the same significance as Gleason 7 (3 + 4).

Conclusions
The score we propose for the basic evaluation of a 

lithiasis patient in front of a therapeutic decision (ESWL 
or PCNL or retrograde ureteroscopy) can be considered 
a useful tool in the discussion with the patient about 
the chances of the ESWL to achieve stone-free status. 
The big advantage is that, if ESWL fails, the other en-
dourological options can be safely used. This study 
demonstrated that radiological findings (size, surface 
outline and the density of the stone) are significant 
indexes for predicting stone-free rate 3 months after 
ESWL. This score could be implemented in clinics that 
don`t have a computer-tomographic evaluation of the 
lithiasis patient. Further studies are needed in order to 
improve the accuracy and the importance of every pa-
rameter for specific cases.
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