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Abstract

Background: To evaluate the impact of stone size, grade of hydro-
nephrosis induced by the stone and skin to stone distance (SSD) on 
the shock wave lithotripsy (SWL) outcome in terms of SWL ses-
sion and shock wave (SW) numbers in patients with ureteral stones.

Methods: Between June 2011 and December 2011, data of 80 
patients undergoing SWL for ureteral stones were retrospectively 
reviewed. Patients were classified into three groups according to 
hydronephrotic grades (group 1, grade 1 hydronephrosis; group 2, 
grade 2 hydronephrosis; group 3, grade 3 hydronephrosis) and into 
two groups according to stone size (group 1, stone size ≤ 10 mm 
and group 2, stone size > 10 mm). The effect of hydronephrotic 
grade, SSD and stone size on SWL sessions and SW rates were 
studied. The impact of the stone size on hydronephrosis was also 
analyzed.

Result: Of the 80 patients undergoing SWL, 24 were female and 56 
were male. The mean age, stone size, number of sessions, SW rate 
and SSD were 37.7 (16 - 73), 9.6 mm (6 - 19), 1.65 (1 - 4), 3,812 
(1,200 - 8,500) and 9.6 cm (5 - 15) respectively. Thirty-five patients 
had grade 1, 29 grade 2 and 16 grade 3 hydronephrosis. Twenty-
eight patients had upper, 19 mid and 33 lower ureteral stones. There 
were significant correlation between stone size and SW number (r 

= 0.513, P < 0.001), and between stone size and session number (r 
= 0.609, P < 0.001). The correlation between hydronephrotic grade, 
SW and session numbers was also significant (r = 0.472, P < 0.001 
and r = 0.441, P < 0.001). There was no correlation between SSD 
and SW and session numbers. Four patients with stone size more 
than 10 mm and grade 2-3 hydronephrosis had unsuccessful SWL 
outcome.

Conclusion: The grade of hydronephrosis and stone size are inde-
pendent predictive factors for SW and SWL session numbers and 
indirectly for treatment outcome. SSD was not found to be predic-
tive.

Keywords: Ureteral stone; SWL; Hydronephrosis; Stone size; Skin 
to stone distance

Introduction

Urinary stone disease is the third entity following urinary 
tract infection and prostate diseases among urinary disorders 
[1]. Before the period where shock wave lithotripsy (SWL) 
entered therapeutic use in 1980s invasive methods had been 
used in urolithiasis treatment [2]. Today more than 90% of 
urolithiasis cases are treated with SWL [3]. However, stones 
may not be fragmented by SWL in some of the patients. Fail-
ure of SWL is more common with ureteral stones larger than 
10 mm therefore invasive additional treatment methods are 
necessary in these cases [4]. The success rate is influenced 
by stone factors (stone size, location, composition, degree 
of obstruction), clinical factors (comorbidities such as con-
comitant infection, solitary kidney, abnormal ureteral anat-
omy), and technical factors (available equipment, source of 
energy) [5]. Several factors influencing stone clearance and 
success rate such as body mass index (BMI), skin to stone 
distance (SSD), Hounsfield unit of the stone and the grade of 
hydronephrosis are studied widely [6, 7]. There are contro-
versial reports in different studies and it is not certain which 
factors among the studied parameters effect the outcome of 
SWL. Thus, we investigated the predictive factors of SWL 
outcomes in terms of SWL session and shock wave (SW) 
numbers, including grade of hydronephrosis, SSD and stone 
size in the treatment of ureteral stones. Additionally, the im-
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pact of the tone size on hydronephrosis was also evaluated.

 
Materials and Methods

   
Between June 2011 and December 2011, data of 80 patients 
undergoing SWL for ureteral stone were retrospectively re-
viewed. Non-enhanced computed tomography (NECT) was 
used in the diagnosis. The inclusion criteria were stone size 
> 4 mm and stones that were solitary. Patients with urinary 
tract infections, blood coagulation disorders, ureteral stric-
ture, neurogenic bladder, or polycystic kidney and pregnan-
cy were excluded. Patients were classified into three groups 
according to hydronephrotic grades (group 1, grade 1 hydro-
nephrosis; group 2, grade 2 hydronephrosis; group 3, grade 3 
hydronephrosis) and into two groups according to stone size 
(group 1, stone size ≤ 10 mm and group 2, stone size > 10 
mm). The SSD was measured on NECT by three distances 
from the stone to the skin (0°, 45° and 90°). The average 
SSD was measured from these values and was recorded as 
the representative SSD for each stone. SWL was performed 
with Storz Medical Modulith SLK. The stones were focused 
with ultrasound (US) guidance, and the number of SWs and 
energy levels were recorded. A maximum of 3,500 SWs with 
maximal power 24 kV per session were delivered within 1 
- 4 (mean 1.7) sessions. The grades of hydronephrosis were 
measured with SWL device’s US focusing probe. The result 
of treatment was evaluated by plain radiography and/or ul-
trasound at 1 or 2 weeks after each SWL. When there was 
a large fragment with a long diameter > 4 mm, SWL was 
repeated until each fragment became smaller than 4 mm. The 
failure of SWL was defined as remnant stones larger than 
4 mm at 3 months were present after the first session. The 
influences of hydronephrotic grade, SSD and stone size on 
SWL parameters were studied. Treatment failure was de-
fined in case of incomplete fragmentation or clearance. The 
results in all groups were evaluated and the predictive fac-

tors analyzed. Statistical analysis was performed by using 
SPSS ver. 16.0 (SPSS Inc., Chicago, IL, USA). Analysis of 
the mean values of the variables was performed using Mann-
Whitney U and independent sample t test, the strength of the 
linear relationship between two variables was analyzed with 
Pearson correlation as appropriate. Values of P < 0.05 were 
considered statistically significant.

 
Results

  
Of 80 patients undergoing ESWL, there were 24 females 
and 56 males. The mean age, stone size and SSD were 37.7 
(16 - 73), 9.6 mm (6 - 19) and 9.6 cm (5 - 15) respectively. 
Thirty-five patients had grade 1, 29 grade 2 and 16 grade 
3 hydronephrosis (Table 1). Twenty-eight patients had up-
per, 19 had mid and 33 had lower ureteral stones. Stones of 
76 patients (95%) were totally cleared, four patients 4 (5%) 
with stone size > 10 mm and grade 2-3 hydronephrosis had 
unsuccessful SWL outcome. They required additional treat-
ment as two stones could not be fragmented and, in other 
two, steinstrasse complication ensued. All of these patients 
with steinstrasse had to undergo ureterorenoscopic lithotrip-
sy. Among these 4 unsuccessful SWL cases three patients 
had proximal ureteral stones and, one mid ureteral stone all 
of which were greater than 10 mm in size. Mean SW number 
and session number in patients with grade 3 hydronephrosis 
were higher compared to that of grade 1 hydronephrosis (P 
< 0.001). Mean SW number and session number in patients 
with grade 2 hydronephrosis were also higher compared to 
that of grade 1 hydronephrosis (P < 0.05) (Table 1) (Fig. 1). 
Mean SW number and session number in patients with stones 
> 10 mm were higher compared to that with stones ≤ 10 mm 
(P < 0.05) (Table 2). The mean stone size in grade 3 hydro-
nephrosis was 11.7 ± 3.7 mm versus 8.7 ± 2.6 mm and 9.6 ± 
3.1 mm in grade 1 and grade 2 hydronephrosis respectively 
(P < 0.05) (Table 1) (Fig. 1). There were significant corre-

Grade 1 (N = 35) Grade 2 (N = 28) Grade 3 (N = 17)

Age (years) 35.7 ± 8.5 38.5 ± 14.2 40.6 ± 14.2

Gender (m/f) 24/11 21/7 11/6

Stone size (mm) 8.7 ± 2.6 9.6 ± 3.1 11.7 ± 3.7*, **

SWL shocks’ number 2,821 ± 1,694 3,835 ± 1,949* 5,666 ± 2,381*, **

SWL sessions’ number 1.3 ± 0.5 1.7 ± 0.8* 2.3 ± 1.1*

Skin-stone distance (cm) 9.5 ± 1.9 9.6 ± 2.3 9.9 ± 1.5

Table 1. Variables in Hydronephrotic Grades (Mean ± SD)

P < 0.05, *compared to grade 1, **compared to grade 2 (Mann-Whitney U).
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lations between stone size and SD number (r = 0.513, P < 
0.001), between stone size and session number (r = 0.609, P 
< 0.001) (Table 3). The correlation between hydronephrotic 
grade, number of SW delivered and session number was also 
significant (r = 0.472, P < 0.001 and r = 0.441, P < 0.001) 
(Table 3). There was no correlation between SSD and SW 
and session numbers (r = 0.147, P > 0.05) (Table 3). Fifty-
three of 80 patients (66%) had hematuria in their first urine. 
Two patient (2.5%) developed pyelonephritis one of which 
was treated with parenteral antibiotics. Analgesics were re-
quired in 5 patients (16%) for post-SWL pain.

Discussion
  
Many clinical studies performed over the last 20 years in or-
der to define the optimal therapeutic approach for a given 
urinary stone. SWL is a safe, non-invasive and currently 
accepted treatment method of urolithiasis since satisfactory 

success rates with lower complication rate were reported. 
Reported clearance rates in ureteral stones remain about 80-
90%. The factors determining stone clearance and success 
rate after SWL were studied in order to define appropriate 
patients [6, 7]. Many factors influence the success of SWL, 
including BMI, stone size, stone location, stone composi-
tion, hydronephrotic grade, stone radiodensity, SSD and the 
type of lithotriptor used for SWL. Stone size and location are 
among the leading independent predictor factors. Concern-
ing stone size, a larger size is associated with a higher risk 
for failure of treatment of urinary tract stones. It has been 
reported that patients with stones > 10 mm more frequently 
fail to be rendered stone-free by SWL. In addition to stone 
size and location, stone radiodensity in computed tomogra-
phy has been also used to predict SWL outcomes. However, 
Hounsfield unit of the stone is not alone a definitive factor 
determining success rate and it should be combined with 
other parameters [8]. BMI is also used as a predictive factor 
which is related indirectly to the distance of the stone from 

Table 2. Variables According to Stone Size (Mean ± SD)

*P < 0.05, compared to group I (independent samples test).

Group I ≤ 10 mm (N = 57) Group II > 10mm (N = 23)

Gender (m/f) 43/14 13/10

Age (years) 38.8 ± 12.6 35.2 ± 10.0

Stone size (mm) 7.9 ± 1.4 13.9 ± 2.4

Shockwave number 3,318 ± 1,933 5,036 ± 2,346*

SWL Session number 1.4 ± 0.6 2.3 ± 1.1*

Skin-stone distance (cm) 9.4 ± 1.8 10.2 ± 2.3

Figure 1. Shockwave/sessions number and stone size according to of hydronephrotic grades, P < 0.05; *com-
pared to grade 1, **compared to grade 2.
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the skin, which reflects the SW path in the body [6]. Since 
BMI may not directly reflect central body fat distribution, 
it does not accurately predict the distance of SW source to 
stone. Therefore, SSD seems to be a more direct measure-
ment of the effect of body build on SWL outcome than is 
BMI. Many investigators have reported that SSD is a sig-
nificant predictor in ureteral stones. Their result supported 
that SSD could predict SWL stone free rates [9]. An SSD 
> 110 mm was reported to be a significant predictor of an 
unfavorable outcome after SWL whereas SSD of < 90 mm 
can predict SWL success [9, 10].

In our series, SSD was not a significant predictor of 
SW and session numbers. However, we may not have had 
enough data to reveal the importance of SSD in the man-
agement of ureteral stones. Beside the above mentioned pre-
dictive factors, there are also secondary signs to affect the 
outcome of SWL such as hydroureter, hydronephrosis, peri-
ureteral edema, and unilateral renal enlargement. Whether 
these secondary signs in patients with ureteral stones affect 
outcome in SWL treatment remains also controversial [11]. 
Particularly, the hydronephrosis effect on SWL outcomes 
has been widely studied. Many studies showed that the 
likelihood of SWL treatment failure increases with more 
severe obstruction [12, 13]. It was reported that in patients 
with proximal and distal ureteral stone the SWL outcome 
was affected by hydronephrotic grade [14, 15]. In contrast to 
these reports, some authors concluded that urinary obstruc-
tion does not affect the success in terms of stone clearance 
with SWL [16, 17]. They claimed that neither the presence 
nor the grade of hydronephrosis had a significant impact on 
SWL outcome [18]. In a previous study of SWL for proxi-
mal ureteral stones, the differences between non-hydrone-
phrotic and hydronephrotic groups in terms of stone size and 
SWs applied, were not significant [7]. Even after stratifying 

patients for different grades of hydronephrosis (grade 1-3) 
again, differences were not statistically significant. In con-
trast to these findings, in a very recent study, the data of 153 
patients undergoing SWL for stones in upper, mid and lower 
ureteral locations were retrospectively reviewed and authors 
found out that stone size is an independent predictive factor 
influencing failure of SWL for ureteral stones. All the sec-
ondary signs including hydronephrosis showed statistically 
significant differences in terms of SWL outcomes in this 
series [19]. Although our series had limited number of pa-
tients, we found statistically significant differences between 
hydronephrotic grades in terms of the number of sessions 
and number of SWs and stone size in patients with different 
grades of hydronephrosis. As the previous studies reported 
that ureteral obstruction resulted in decreased peristalsis and 
decreased pressure, affecting stones migration, the negative 
effect of hydronephrosis on stone clearance after SWL seems 
plausible [20]. We also speculate that the obstruction is more 
easily resolved in patients with smaller stones whereas it is 
severe and persistent in larger stones which creates a vicious 
circle with the higher grade of obstruction against SWL out-
comes. There are also limitations to our study. It is in retro-
spective nature, the study population has a limited number to 
reveal the importance of SSD and, we did not evaluate time 
to stone clearance.

Conclusion

Stone size is an independent predictive factor influencing 
SWL session and SW numbers in the treatment of ureteral 
stones. In addition to stone size, the grade of hydronephrosis 
is also an independent predictive factor for SWL variables. 
However, SSD was not found to be predictive in the study. 
Besides, the stone size has a negative effect on hydronephro-

Table 3. The Correlation of Variables With SWL Parameters

*P > 0.05, **P < 0.001.

Pearson correlation

r P

Stone Diameter- Shock number 0.513 0.000**

Stone Diameter- Session number 0.609 0.000**

Hydronephrotic grade-Shock number 0.472 0.000**

Hydronephrotic grade-Session number 0.441 0.000**

Skin-stone distance- Shockwave number 0.147 0.194*

Skin-stone distance- Session number 0.206 0.067*
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sis grade.
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