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Urolithiasis
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Stone-Free Rate of Renal Stones
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Purpose: To determine whether the distance from skin to stone, as measured by com-
puted tomography (CT) scans, could affect the stone-free rate achieved via ex-
tracorporeal shock wave lithotripsy (ESWL) in renal stone patients.

Materials and Methods: We retrospectively reviewed the records 573 patients who had
undergone ESWL at our institution between January 2006 and January 2010 for uri-
nary stones sized from about 5 mm to 20 mm and who had no evidence of stone
movement. We excluded patients with ureteral catheters and percutaneous neph-
rostomy patients; ultimately, only 43 patients fulfilled our inclusion criteria. We classi-
fied the success group as those patients whose stones had disappeared on a CT scan
or simple X-ray within 6 weeks after ESWL and the failure group as those patients in
whom residual stone fragments remained on a CT scan or simple X-ray after 6 weeks.
We analyzed the differences between the two groups in age, sex, size of stone,
skin-to-stone distance (SSD), stone location, density (Hounsfield unit: HU), voltage
(kV), and the number of shocks delivered.

Results: The success group included 33 patients and the failure group included 10. In
the univariate and multivariate analysis, age, sex, size of stone, stone location, HU,
kV and the number of shocks delivered did not differ significantly between the two
groups. Only SSD was a factor influencing success: the success group clearly had a short-
er SSD (78.25+12.15 mm) than did the failure group (92.03+14.51 mm). The results
of the multivariate logistic regression analysis showed SSD to be the only significant
independent predictor of the ESWL stone-free rate.

Conclusions: SSD can be readily measured by CT scan; the ESWL stone-free rate was
inversely proportional to SSD in renal stone patients. SSD may therefore be a useful
clinical predictive factor of the success of ESWL on renal stones.
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INTRODUCTION

Recently, extracorporeal shock wave lithotripsy (ESWL)
has become the preferential treatment modality for pa-
tients suffering from stones. In the specific case of renal
stones [1], ESWL is considered the noninvasive treatment
of choice. Although many other such treatment options ex-
ist, ESWL is currently regarded as the most effective, espe-
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cially when applied to stones sized less than 20 mm, irre-
spective of location [2].

Ever since the advent of noncontrast computed tomog-
raphy (NCCT), the procedure has become the preferred mo-
dality for the diagnosis and treatment of renal calculi, ow-
ing primarily to its rapidity and high accuracy relative to
previous intravenous pyelography (IVP) methods [3,4].
NCCT provides valuable information confirmative of ana-
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tomic abnormalities, in addition to the basic information
regarding stone location, size, shape, density, and
skin-to-stone distance (SSD). Lately, several experiments
assessing the connection between information from the
medical field and the efficacy of ESWL have been con-
ducted, and Hounsfield unit (HU), SSD, and stone size have
all been identified as key factors in connection with the suc-
cess of ESWL [5-8]. In the present study, we attempted to
determine and describe the most important clinical in-
formation collected via NCCT regarding the ESWL
stone-free rate.

MATERIALS AND METHODS

We retrospectively reviewed the records of 573 patients
with urinary stones who had undergone the ESWL proce-
dure between January 2006 and January 2010 at our
institution. Inclusion criteria were as follows: 5 to 20 mm,
single, radiopaque calculi located within the kidney via
NCCT within 1 month of treatment and no evidence of stone
migration. We excluded any patients with ureteral cathe-
ters as well as all percutaneous nephrostomy patients; ulti-
mately, only 43 patients of the 573 records reviewed met
the inclusion criteria.

All patients were treated by using the same electro-
conductive lithotriptor (Sonolith Praktis; EDAP TMS,
Vaulx-en-Velin, France) under fluoroscopy. The shock-
wave was fixed at twice per second and the number of shock-
waves was adjusted from 2,500 to 3,000; the launch in-
tensity was conducted within 14.5 to 15.5, determined by
the pain reported by the patients while ESWL was being
carried out. The longest stone size by measurement on
NCCT was used, and we measured stone density (HU) and
location by using NCCT images. For SSD measurement, we
took a measurement from the point of the largest stone di-
ameter at a 45° angle from the horizontal (Fig. 1). We used
the Marosis view during the measurement procedure.

We included in the success group all cases in which the
stone disappeared on the CT scan or simple X-ray within

FIG. 1. The measurement of skin-to-stone distance at 45° on an
axial scan of non-contrast computed tomography. SSD: skin to
stone distance.

6 weeks after ESWL and in the failure group all patients
in whom clinically significant residual stone fragments re-
mained on a CT scan or simple X-ray after 6 weeks. We ana-
lyzed the differences between the two groups in age, sex,
size of stone, SSD, stone location, density (HU), voltage
(kV), and the number of shocks delivered. All statistical
analyses were performed by using the Student’s t-test,
Pearson’s chi-square test for univariate analysis, and logis-
tic regression for multivariate analysis. SPSS ver. 12.0
(SPSS Inc., Chicago, IL, USA) was used, and p-values less
than 0.05 were considered statistically significant.

RESULTS

The mean age of the patients was 55.7+13.76 years. The
proportion of males to females was 1.15:1 (23 males and 20
females). Among 43 patients, 33 (69.7%) were included in
the success group and 10 patients (30.3%) in the failure
group in terms of ESWL efficacy. All patients had one soli-
tary stone, with a mean size of 11.09+4.23 mm. In 28 pa-
tients, the stone was more than 10 mm in size (by diameter).
The average stone size in the success group was 10.55+4.73
mm and the average stone size in the failure group was
12.90+3.67 mm (p=0.150). With regard to HU, the success
group had values of 784.12+306.35 and the failure group
of 837.50+391.45. The differences between the groups were
not statistically significant. With regard to stone locations
in all patients, the results were as follows: lower pole (19
patients), renal pelvis (13 patients), central region (8 pa-
tients), and upper pole (3 patients). When ESWL voltage
and number of shocks were compared between the two
groups, the results were as follows: 15.13+0.60 kV and
15.42+0.25 kV, respectively (p=0.148), and 2,939.39+272.64
and 3,100.00+216.22, respectively (p=0.123) Only SSD dif-
fered to a statistically significant degree when compared
between the two groups: the mean SSD was 78.25+12.15
mm in the success group and 92.03+14.51 mm in the failure
group (p<0.05) (Table 1).

Only SSD was a factor influencing success in the multi-
variate logistic regression analysis. Sex, stone size, HU,
and kV all were identified as factors extraneous to success
(Table 2).

DISCUSSION

Currently in Korea, the use of NCCT has become increas-
ingly common owing to its accuracy and convenience, al-
though it should be noted that IVP techniques remain in
broad use for the diagnosis of urinary calculi [9-11].
Although IVP has conventionally been extensively used as
an effective diagnostic method [12], it is limited in terms
of factors such as contrast side effects, preparation, NPO
time, and total test time [13,14]. IVP images can be dis-
turbed by bony structures and bowel gas. Additionally, IVP
can derive only a limited amount of information from a ra-
diolucent stone. NCCT has been used previously as the
first-line technique for stone evaluation, and this proce-
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TABLE 1. Patient characteristics
Characteristics Stone free (%) Residual fragment (%) p-value
No. of Patients (n) 33 (76.7) 10 (23.3) N/A
Age® (yr) 52.5+13.02 58.9+11.32 0.621
Sex
Male 16 (69.5) 7 (30.5) 0.203
Female 17 (85) 3(15)
Size (mm)? 10.5+4.73 12.9+3.67 0.150
Location
Pelvis 12 (92.3) 1(7.7)
Upper pole 1(33.3) 2 (66.7)
Central 7 (87.5) 1(12.5)
Lower pole 13 (68.4) 6 (31.6)
SSD (mm)? 78.3+12.15 92.0+14.51 <0.05
Stone density (HU)" 784.1+306.35 837.5+391.45 0.653
ESWL voltage (kV)* 15.13+0.60 15.4+0.25 0.148
Shocks delivered (n)* 2,939.3+£272.64 3,100.0+£316.22 0.123

SSD, skin-to-stone distance; HU, Hounsfield unit; ESWL, extracorporeal shock wave lithotripsy; N/A, not available values.

2 Student's t-test, " Chi-square test.

TABLE 2. Multivariate analysis of variables predicting the
stone-free rate by logistic regression analysis

95%
Variable Odds ratio confidence p-value®
interval
Sex 3.858 0.554, 26.877 0.173
Stone size 1.182 0.961, 1.454 0.113
SSD 1.119 1.028, 1.217 0.009
HU 1.000 0.997, 1.217 0.900
kV 5.896 0.392, 88.8 0.200

SSD, skin-to-stone distance; HU, Hounsfield unit.
?: Logistic regression analysis.

dure is becoming common in the research field. NCCT is
one of the most accurate diagnostic methods [11]. Also,
NCCT not only provides information about the stone itself,
but also plenty of information about abnormalities of the
organs and urinary tract (e.g., renal mass, duplicated ure-
ter, bladder mass, gallbladder stone, pancreatitis, appen-
dicitis, diverticulitis of large intestine) [15].

Recently, NCCT has been evaluated for use not only for
the diagnosis of stones but also for the prediction of ESWL
treatment results, which is analyzed by use of various
metrics. HU is simply a charting of stone density. Some
studies have reported that the HU value is inversely re-
lated to the ESWL success rate [4,7,16,17]. Another study
noted no noticeable differences in HU between a success
group and a failure group. Indeed, according to preliminary
research, there are no statistically significant differences
in HU between an ESWL success group and a failure group
[8,18]. This result may indicate some measurement biases
deriving from the lack of a standardized measurement
method, especially in light of different HU values observed
after the location of measurement and ROI on the same
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stones. In addition to HU, ESWL, which is predictive of fa-
vorable treatment results, appears to be a vigorous in-
dicator of body mass index and stone size. However, the re-
sults of each of these previous studies differ slightly from
one another. In this study, we found no significant correla-
tion between stone size and the stone-free rate. However,
stone size has been reported in other studies as a significant
predictor of the results of ESWL [17,19,20]. This is because
of different stone characteristics such as stone density and
location.

Electrohydraulic lithotriptors, which generate a shock
wave beginning at an electrode and moving to a second
point (level of stone), result in a longer migration length for
larger patients. Therefore, the success rate could be re-
duced as a result of a drop in the stone fragmentation
efficacy. According to a study conducted by Pareek et al. [6]
the SSD of the stone-free group was markedly lower than
the SSD of the residual stone group (p<0.01). Further-
more, the efficacy of ESWL drops substantially when SSD
exceeds 10 cm. Another study demonstrated a remarkable
difference in SSD between the success group and the failure
group; our study found the same result. According to the
research of Weld et al. [19] SSD is the only factor predictive
of treatment efficacy on pelvic/ureteropelvic junction
stones. In our study, ureter stones, which are affected by
bowel gas and stone location, were ruled out. Additionally,
we analyzed renal stones by their location and determined
that SSD was the sole factor predictive of treatment
efficacy.

CONCLUSIONS

SSD can be readily measured by NCCT and is correlated
with the success of ESWL. The prediction of ESWL success
by measurement of SSD improves the efficacy of the re-
medial value of ESWL and also demonstrates the practi-



cality and efficacy of NCCT for the diagnosis of urinary
stone patients.
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