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Abstract
Introduction: Kidney stone is a prevalent disease, especially in desert and arid areas
like Rafsanjan in Iran. Extracorporeal Shock Wave Lithotripsy (ESWL) is a non-invasive
treatment of kidney stones that success rate of which depends on various factors. This
study aimed at investigating predictive variables of success in ESWL in patients referred to
the ESWL Unit of Moradi hospital (Rafsanjan, Kerman, Iran) in 2016.
Methods: All patients referred to the ESWL unit in the hospital during a 6-month
period in 2016 were included in this study. Demographic information, size, location, and
orientation of stones were collected from interviews and sonography observations. Finally,
the obtained data was investigated with the statistical Chi-square and logistic regression
tests.
Results: The male to female ratio in patients with kidney stones was almost 2:1, and the
overall estimated rate of lithotripsy was 71.7%. There was no difference between the male
and female patients in the success of lithotripsy and, in addition, stone location did not
affect the rate of success. The only successful predictor of ESWL was stone size. The larger
stones were more successful broken than smaller.
Conclusions: Stone size plays an important role in the selection of treatment method.
Breaking of larger stones is more successful in ESWL due to the greater absorption of
ultrasonic energy emitted by the machine and because of the more accurate determination
of their location.

INTRODUCTION
Kidney stones are a relatively prevalent disease (with prevalence of about 1-15%) in all societies. This prevalence varies
depending on age, gender, race, and geographical location.
Kidney stones are 2-3 times more common in men than in
women and rarely observed before the age of 20, but their
incidence rates reaches its peak between the ages of 40 to
60. When PH, ionic strengths and concentrations of dissolved substances in urine reach the supersaturated state,
stone formation begins [1]. Severe pain begins with acute
urinary tract obstruction and dilation by stones. Stones in
middle and upper ureter cause severe and incisive pain in
the back or the sides; whereas, stones at the lower end of the
ureter can cause symptoms of urinary tract infection such as
frequent urination and a burning sensation when urinating.
Among various types of stones, calcium oxalate stones are
the most common urinary tract stones [2]. Various factors,
the most important of which are stone size and location,
are considered in treating patients with urinary tract stones
[3]. Patients are examined by obtaining their history and
carrying out diagnostic radiology such as sonography. Selection of proper treatment by physicians can decrease the

complications of the disease such as pain and infection, and
reduce consumption of analgesics. Maintenance treatment
includes taking liquids and the standard treatment for large
stones (up to 15mm) in the kidneys and the upper ureter by
ESWL. Surgical procedures are applicable in the treatment
of larger stones and stones in the lower ureter [4]. With the
technological advances made over the past two decades,
medical sciences have experienced dramatic changes in diagnosis and treatment of diseases. The invention of ESWL
device is an example of these impressive improvements in
treating urinary tract stones. This device uses high-energy
sound waves directed at the stone to break it up into smaller
pieces so that they may be more easily passed. The invention of ESWL method was a revolution in the treatment of
Kidney stones that became a substitute for surgery, which
was associated with many complications [5].
The efficiency of ESWL devices has been investigated in different studies. For example, the findings of Mehrabi’s study
showed that the employed lithotripter (Arian 101) had a
success rate of 42.8% complete response in breaking up kidney stones larger than 10mm and of 40% complete response
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in breaking up the stones in the upper ureter [6]. Obek also
estimated the effectiveness rates of ESWL in breaking up
the stones in the lower, middle, and upper ureter were 36,
46, and 41%, respectively [7]. Park reported stone density and size to be significant predictors of effectiveness of
ESWL in breaking kidney stones smaller than 20mm [8].
According to Chaussy, ESWL was the front-line treatment
of calcium stones larger than 10mm [9]. Every treatment
has its own complications. Inability to pass stone particles
resulting from breaking up the initial stone can cause obstruction of urinary tract, prolong disease duration, and result in such complications as infection and damaged renal
function [10]. Considering the points mentioned above, it
was determined that the efficiency and effectiveness of this
type of treatment depended on different personal factors
including age, gender, stone size and material, and/or the
type of the lithotripter. Identification of factors affecting the
effectiveness and efficiency of a type of treatment in each
geographical region is one of the requirements of every
medical system. Therefore, this study aimed at investigating
predictors of ESWL success in patients visiting the Lithotripsy Unit of Moradi Education and Treatment Center in
2016. Results of such studies can help physician’s select efficient treatment methods.

METHODS
The statistical population of this descriptive study included
all 138 patients who visited the Lithotripsy Unit of Moradi
Education and Treatment Center from June to December,
2016. The research objectives were explained to them and
their written informed consent to participate in the research was obtained. The patients were first weighed with
minimum clothing on (disposable hospital clothing), using
a Seca balance. Demographic information was recorded in a
checklist based on interviews with the patients or from their
medical records. Data on stone sizes, locations, and orientations was extracted from sonography reports and entered
into the checklist. Then, a trained and experienced specialist started the lithotripsy process. The patients were first
put in a sleeping position on the ESWL device, and then
the precise location of the stone was determined with ultrasound or fluoroscopy. After that, the lithotripsy process was
performed with 3,000 shocks, on average, at 0.1-3 kV. It is
worth noting that, during this study, one specialist only carried out all the lithotripsy procedures. This procedure lasted
for about one hour. After the completion of lithotripsy, its
success was evaluated with sonography or by observation of
stones passed by the patients. It must be mentioned that the
lithotripter used in the Moradi Hospital of Rafsanjan was a
German made model Dornier device. Finally, data was analyzed SPSS and the Chi-square and logistic regression tests.
It should be explained that according to the treatment processes, only stones with diameters of 8-20 mm were treated
with this lithotripter.

RESULTS
Among the 138 subjects, 63.8% were men and 36.2% were
women with the mean age of 45.45 ± 15.56 years. The minimum and maximum stone sizes were 8 mm and 20 mm,
respectively, with the mean size of 12.62 ± 3.26 mm. Fre-
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quency distribution of the stones was as follows: 6.5% in
the upper calyx, 15.2% in the middle calyx, 27.5% in the
lower calculus, 23.9% in renal pelvis, and 26.8% in the ureter. In all, 73.2% of the stones were renal and 26.8% ureteral.
In addition, 34.1% of the stones were on the right side and
65.9% on the left side of the body. The overall success rate
of lithotripsy was 71.7%. This success rate was measured
based on the classification of stone sizes. The success rates
of breaking 8-10 mm, 11-15 mm, and 16-20 mm stones
were 23.7, 55.7, and 20.6%, respectively. According to the
Chi-square test, this difference in the success rates of ESWL
was significant (P = 0.007). In addition, the success rate of
ESWL was measured based on stone location. According
to the results, 7.1, 14.1, 29.3, 19.2, and 30.3% of the stones
the in the upper calyx, the middle calyx, the lower calyx,
the renal pelvis area, and in the ureter were broken with the
ESWL device, respectively. In all, 68.3% of the renal stones
and 81.1% of ureteral stones were broken with ESWL, indicating there were no significant differences in the success
rate of lithotripsy in these two areas (P = 0.218). The Chisquare test showed no significance differences in the success rate of ESWL between men and women (P = 0.218),
between stones on the right and left sides of the body (P =
0.493), and between the upper, middle, and lower ureteral
and renal pelvis stones (P = 0.224). In addition, no significant correlation was observed between the success rate
of ESWL and age of the patients (P = 0.404). Among the
41 patients with no success in the first lithotripsy session,
16.7% underwent a second session and 13% received surgery, and the rest did not revisit the Center (Table 1).
Table 1: Descriptive Indicators of Variables
group

Success

Chi-square

OK

Fail

No (%)

No (%)

Gender
Male

P = 0.218
60 (68.2)

28 (31.8)

39 (78)

11 (22)

Right

32 (68.1)

15 (31.9)

Left

67 (73.6)

24 (26.4)

Female
Stone orientation

P = 0.493

Stone size

P = 0.007

8-10

23 (53.5)

20 (46.5)

11-15

54 (78.3)

15 (21.7)

16-20

20 (83.3)

4 (16.7)

Stone location

P = 0.218

Renal

69 (68.3)

32 (31.7)

Ureter

30 (81.1)

39 (28.3)

Logistic regression was used to predict the success of ESWL.
Gender, age, stone location, stone orientation, and stone size
entered the equation as predictive variables, and explained
41.5% of the variance in ESWL success rates. According to
the logistic regression model, only the stone size among the
predictive variables affected the success of ESWL (P=0.006,
Wald=7.6). In other words, stone size increased the success
rate of ESWL 0.42 fold (Table 2).
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Table 2: Summary of Regression Model to Predict the Success
of ESWL
Variables

EXP (B)

Wald

P-value

Age

0.994

0.001

0.98

stone Location

0.425

2.85

0.091

Stone orientation

0.7

0.651

0.42

Gender

0.48

2.47

0.116

stone Size
P < 0.05

0.42

7.6

0.006

DISCUSSION
In this study, the ratio of male to female patients was approximately two to one. The same ratio was also reported
by Bozkurt, Wiesenthal, Chung, Keshvari, and El-Nahas [5,
10-13], and an almost identical one by Junuzovic [14]. The
Chi-square test showed no significant differences between
the male and female patients in the success rate of ESWL,
which was consistent with the finding of Tavakkoli [15];
whereas, Gupta and Park reported a higher rate of ESWL
success in male patients [8, 16]. The overall success rate of
ESWL in the present study was 71%. However, different success rates have been reported in various studies. For example,
the overall success rate reported in the studies carried out
Abdel, Park, Saeidi, and Murota-Kawano were 87, 68.7, 55,
and 94.5%, respectively [8, 17-19]. Moreover, Jee reported a
90.9% overall success rate in the treatment of renal stones in
children [20]. In that study, 68.3% of renal stones and 81.1%
of ureteral stones were broken with ESWL. The corresponding rates were 74% and 88% in Al-Marhoon’s research [21].
These findings were consistent with those of the current
study. However, Badawy reported 83.4 and 58.46% success
rates in breaking renal and ureteral stones, respectively, and
the corresponding rates were 68.8% and 62.3% in Wiesenthal’s study, and indicated a greater success rate in breaking
renal stones [12, 22]. Javanmard also showed that lithotripter
performed better in breaking stones in renal pelvis (in the
kidney region) [23]. Location usually plays a role in the success of treating stones in urinary system. In the current study,
the success rate was higher in treating ureteral stones than
renal stones; however, this difference was not statistically
significant. Sonography is very sensitive in diagnosing renal
stones and determining their exact locations, but it has a very
low efficiency in diagnosing ureteral stones, which is due to
interference from intestinal gases. Therefore, ureteral stones
are usually detected on X-Ray. Because of this, it is not possible to determine the exact location of ureteral stones, which
can explain the lower success rates of lithotripsy in treating
renal stones. The author believes that since renal stones are
in a more open space in the urine, they are more successfully broken up into smaller particles by ultrasonic waves and
passed more easily and better; whereas, ureteral stones are
usually packed in the limited space within the ureteral edema
(compacted within the ureter). This disrupts fragmentation
of stones by the waves the device emits into the inadequate
ureteral space. However, technological advances in determining the exact location of ureteral stones have increased the
success rates in breaking ureteral stones to those in breaking
renal stones. This difference in results has various reasons
including volume, size, number of stones, and differences in

the time the evaluations are made after the ESWL treatment.
Certainly, the probability of passing broken particles, even
those larger than 5 mm, increases with time and improves
ESWL success rates. In addition, in this research, the majority of patients received ESWL once and only 16.7% of them
underwent this procedure a second time. In some studies,
ESWL procedure was performed several times in a threemonth period, which certainly increased the probability of
its success. As for predicting the success rate of ESWL, it was
found that stone size was a significant predictor of ESWL
success (regardless of age, gender, and stone location and orientation). From this perspective also, results of the current
study are consistent with those of the research conducted by
Saedi and El-Nahas, and confirm the importance of the correct selection of patients based on stone size (<20 mm) in
ESWL [5, 19].
Findings of this study confirm that ESWL is an effective minimally invasive technique for treating urinary tract stones
smaller than 20 mm, and that this technology can be used
with greater certainty for this purpose.
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