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Abstract
Objective: The treatment of stones in anomalous kidneys requires challenging approaches. This study aimed to determine the factors affecting shock 
wave lithotripsy (SWL) results for stones in anomalous kidneys.

Methods: We retrospectively analyzed patients with anomalous kidneys who underwent SWL for kidney stones between January 1993 and December 
2019. Patients were divided into 2 groups (stone-free group, group 1, and failure group, group 2). Demographic and clinical parameters were assessed. 
The predictors of stone-free status following SWL were identified.

Results: There were 67 male (72.2%) and 29 female (27.8%) patients, and the median age was 40 (30-49) years. Of the 96 patients, 42 (43.8%) had 
horseshoe kidneys, 37 (38.5%) had duplex systems, 12 (12.5%) had renal parenchymal anomalies (polycystic kidney and medullary sponge kidney), 
and 5 (5.2%) had ectopic pelvic kidneys. Stone clearance was achieved in 53 (55.2%) of the 96 patients. The median stone volume was 1.2 (0.7-1.6) 
cm2 in group 1 and 1 (0.6-3) cm2 in group 2 (P = .796). In terms of complications (P = .982) and stone-free status (P = .587), there were no statistically 
significant differences between the different types of anomalies. However, recurrent stones were found to have lower stone-free rates than new-onset 
stones (P = .029).

Conclusion: In this study, only recurrent stones were found to have lower stone-free rates. SWL has similar effectiveness for different anomaly types.
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Introduction
Congenital renal anomalies occur in different spectra with 

respect to structural and functional characteristics. The incidence 
of renal anomalies varies according to the type of anomaly.1 In 
horseshoe kidneys, the most common type of renal anomaly 
per live birth (1/400), the incidence of kidney stones can reach 
20-60%.2 The presence of renal anomalies increases the risk of 
developing kidney stones.3 The risk of stone formation in congeni-
tal renal anomalies increases with poor urine flow and stasis. In 
polycystic kidney disease and other parenchymal disorders, stone 
development is associated with metabolic and hereditary factors.4

The treatment of stones in anomalous kidneys is challenging. 
Therefore, different treatment options should be considered when 
making treatment decisions for optimal disease management. In 
addition to percutaneous nephrolithotomy (PCNL) and ureterore-
noscopy (URS), significant progress has been made in shock wave 
lithotripsy (SWL) techniques, especially in terms of stone target-
ing and energy transfer. Although there is limited literature on the 
use of SWL in anomalous kidneys, SWL may be a suitable treat-
ment method in selected patient groups.5 In this study, we aimed 

to provide single-center knowledge about SWL using second and 
third-generation lithotripters in anomalous kidneys.

Methods
The İstanbul University-Cerrahpaşa Review Board approved 

the study (Approval no: 21263603-604.02.01-153794, Date: 
November 19, 2019). Between January 1993 and December 2019, 
3859 patients who underwent SWL by a single urologist (N.T.) for 
kidney stones were evaluated. The data of 96 (2.48%) patients 
with renal anomalies were identified. An anomalous kidney was 
identified by computed tomography (CT), intravenous pyelogra-
phy (IVP), or CT urography (CTU).

Demographic (age, gender, body mass index) data, clinic data 
(medical history, previous treatment, stone side, stone volume, 
stone localization, stone number), and treatment outcomes (type 
of lithotripters, session number, shock wave number, mean maxi-
mum energy, stone clearance, steinstrasse, complications) were 
retrieved from the medical records. Stone volume was measured 
as the 2 maximal diameters of single stones or the sum of the 
diameters of multiple stones.

Shock wave lithotripsy procedures were performed using sec-
ond-generation (Lithostar®, Siemens Medical Solutions, Inc.) and 
third-generation (Lithoskop®, Siemens Medical Systems, Erlangen, 
Germany) electromagnetic lithotripters. The development of the 
lithotripter by improving the localization system and shock wave 
energy in the transition from the second-generation lithotripter 
to the third-generation lithotripter has opened the possibility of 
successful fragmentation of stones. Shock wave lithotripsy was 
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performed after eliminating urinary infections. The procedures 
were performed under general anesthesia in only 1 (2%) patient. 
Shock wave lithotripsy was performed while the patient was 
supine. An SWL session was usually started with 60 shock waves/
min, and the number of shock waves was increased to 100 waves/
min. There were 3-7-day intervals between SWL sessions.

Treatment results, such as stone-free status and complications, 
were analyzed using clinical and radiologic (CT, IVP, USG) data 
at the time of the visit performed 1 month after the end of the 
planned SWL protocol. Patients with no residual calculus and 
those with a stone volume of <0.4 cm2 in the presence of residual 
calculi were stone-free (group 1) within the first 3 sessions. Patients 
with a residual stone volume of >0.4 mm2 were included in the 
failure group (group 2).6

The data were stored in an Excel® database, and the Statistical 
Package for Social Sciences version 23.0 software (IBM Corp.; 
Armonk, NY, USA) was used for the analysis. Different patient, 
stone, and treatment outcomes were assessed according to stone-
free status using logistic regression, Chi-square, Fisher exact and 
Mann–Whitney U tests. Statistical significance was accepted as a 
P value of <.05.

Results
The study included 67 male (72.2%) and 29 female (27.8%) 

patients, and the median age was 40 (30-49) years. Of the 96 
patients, 42 (43.8%) had horseshoe kidneys, 37 (38.5%) had 

duplex systems, 12 (12.5%) had renal parenchymal anomalies 
(polycystic kidney and medullary sponge kidney), and 5 (5.2%) 
had ectopic pelvic kidneys. These 5 patients with ectopic pelvic 
kidneys had health problems that included a high risk for anes-
thesia. Shock wave lithotripsy was performed due to the risk of 
anesthesia. Two patients in group 2 had chronic renal failure. No 
complications were observed after SWL.

All stones were radiopaque. The stones were on the left side in 
53 (55.2%) patients and 43 (44.8%) were on the right side. While 
41 (42.7%) of the patients had multiple stones, 55 (57.3%) had a 
single stone. Before SWL, 10 (10.4%) patients required a double J 
catheter, and 2 (2.1%) required a nephrostomy tube. Table 1 shows 
the other clinical and demographic data before SWL.

The median stone volume was 1.2 (0.7-1.6) cm2 in group 1 and 
1 (0.6-3) cm2 in group 2 (P = .796). Stone clearance was achieved 
in 53 (55.2%) of the 96 patients. Although the highest stone-
free rate was observed in the renal parenchymal anomaly group 
(66.6%) and the lowest stone-free rate was observed in the horse-
shoe kidney group (42.6%), the differences between the anomaly 
type and stone-free rate were not statistically significant (P = .117). 
However, recurrent stones (40.5%) were found to have a lower 
stone-free rate than new-onset stones (64.4%) (P = .022).

In group 1, 5 of 53 (9.4%) patients had complications (urinary 
tract infection, acute urinary obstruction, and mild hematuria), and 
in group 2, 4 (9.3%) patients developed complications (P = .982). 
There were no major complications in group 1. However, 1 of 4 

Table 1. Characteristics of Patients and Stones

Group 1 (n = 53) Group 2 (n = 43) Total (n = 96) P

Age, (years), median (IQR) 40 (26-48) 41 (33-51) 40 (30-49) .320+

Gender, n (%)
 Male
 Female

 38 (71.7)
 15 (28.3)

 29 (67.4)
 14 (32.6)

67 (72.2)
29 (27.8)

.652

Anomaly, n (%)
 Horseshoe kidney
 Pelvic ectopy
 Duplex collecting system
 Renal parenchymal anomaly

20 (37.7)
3 (5.7)

22 (41.5)
8 (15.1)

22 (51.2)
2 (4.7)

15 (34.9)
4 (9.3)

42 (43.8)
5 (5.2)

37 (38.5)
12 (12.5)

.587*

Stone side, n (%)
 Right
 Left

24 (45.3)
29 (54.7)

19 (55.8)
24 (44.2)

43 (44.8)
53 (55.2)

.914*

Stone site, n (%)
 Pelvis
 Upper calyx
 Middle calyx
 Lower calyx

28 (52.8)
8 (15.1)
4 (7.5)

13 (24.5)

16 (37.2)
6 (14)
1 (2.3)

20 (46.5)

44 (45.8)
14 (14.6)
5 (5.2)

33 (34.4)

.118*

Stone volume (cm2), median (IQR) 1.2 (0.7-1.6) 1 (0.6-3) 1.1 (0.3-1.1) .796+

Classified stone volume (mm2), n (%)
 1-10
 11-20
 > 20

23 (43.4)
23 (43.4)
7 (13.2)

22 (51.2)
12 (27.9)
9 (20.9)

45 (46.9)
35 (36.5)
16 (16.7)

.257*

Stone number, n (%)
 Single
 Multiple

30 (56.6)
23 (43.4)

25 (58.1)
18 (41.9)

55 (57.3)
41 (42.7)

.880*

Stone nature, n (%)
 New onset
 Recurrent

38 (71.7)
15 (28.3)

21 (48.8)
22 (51.2)

59 (61.5)
37 (38.5)

.022*

IQR, interquartile range.
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patients in group 2 presented with subcapsular hematoma. This 
patient did not require any intervention and was treated conserva-
tively. Data including other clinical findings and treatment results 
are summarized in Table 2. Multivariate analysis was performed to 
identify independent factors affecting the stone-free rate. On mul-
tivariate analysis, only recurrent stones were independently asso-
ciated with the stone-free rate after SWL (P = .029) (Table 3). In 
group 1, recurrence was observed in 9 patients (60%) after endo-
scopic treatment and in 6 patients (40%) after SWL. In group 2, 
recurrence was observed in 16 (72.7%) patients after endoscopic 
treatment and in 6 (27.3%) patients after SWL.

Discussion
In this study, only recurrent stones were found to have lower 

stone-free rates. No other preoperative or postoperative factors 
independently affected the stone-free rate of kidney stones treated 
with SWL in anomalous kidneys. It was concluded that SWL has 
similar effectiveness for different anomaly types.

Shock wave lithotripsy has maintained its clinical value since 
1980, when it was initially applied to treat kidney stones, as it is 
the only noninvasive method.7 As a result of technological devel-
opments, advances have been observed in kidney stone treatment 
with the introduction of lithotripters with high stone targeting and 
fragmentation efficiency.8 Studies have reported that SWL is pre-
ferred for treating stones in anomalous kidneys in selected patients 
despite the serious anatomical and functional limitations associ-
ated with stone treatment.5 However, data about stone-free rates 
and complications of kidney stones treated with SWL in patients 
with anomalous kidneys are limited.

When renal anomalies are considered, the occurrence of 
stones is much higher than in the normal population.9 Therefore, 
increasing SWL success is important for reducing stone-related 
morbidity. The stone-free rate of SWL in anomalous kidneys 
ranges from 54% to 82%.5 Tunc et al10 reported a stone-free rate 
of 50% in patients with lower calyceal stones. However, it was 
shown in the same study that middle calyceal stones had higher 
success rates (60%). In our study, the overall stone-free rate was 
55.2%. Although stone-free rates vary widely in the literature, the 
stone-free rate was relatively low in our study. This result can be 
explained by the high percentage of lower calyx-located stones in 
group 2 (34.4%).

In the literature, some factors may affect the stone-free rates of 
SWL. The clinical, metabolic, and anatomical changes that may 
be seen depending on patient characteristics, stone characteris-
tics, type of anomaly, and other conditions accompanying the 
anomaly may be attributed to the differences observed in stone-
free rates.11,12 Among these factors, anatomical features and stone 
size were most emphasized. There is a consensus in the literature 
that stone size directly affects the stone-free rate in SWL treat-
ment.6,11,13 Some studies have shown that stone size is also asso-
ciated with steinstrasse and obstruction after SWL.14 However, 
in our study, there were no significant differences in stone size 
between group 1 and group 2. The underlying reason for this find-
ing may be the low overall stone-free rates in the 2 groups with 
abnormal kidneys.

Recurrent stones are a challenging condition for treating kidney 
stones. It is important to identify and treat the underlying cause 
of stone recurrence to prevent further occurrences. However, 

Table 2. Treatment Outcomes of Patients Treated with SWL

Group 1 (n = 53) Group 2 (n = 43) Total (n = 96) P 

Lithotripter type, n (%)
 Second generation
 Third generation

40 (75.5)
13 (24.5)

31 (72.1)
12 (17.9)

71 (73.9)
25 (26.1)

.778*

Auxiliary procedures (pre-SWL), n (%)
 Double J
 Nephrostomy
 None

2 (3.8)
1 (1.9)

50 (94.3)

8 (18.6)
1 (2.3)

34 (79.1)

10 (10.4)
2 (2.1)

84 (87.5)

.059*

Session number, median (IQR) 2 (1-3) 3 (2-4) 2 (1-3.7) .054+

Sock wave number, median (IQR) 2000 (1700-2500) 2000 (1750-2700) 2000 (1700-2529) .213+

Maximum energy, (kV) median (IQR) 17.3 (16.9-18.1) 17.2 (17.1-46.2) 17.2 (17.1-18.3) .536+

Complications, n (%)
 Yes
 No

5 (9.4)
48 (90.6)

4 (9.3)
39 (90.7)

9 (9.4)
87 (90.6) .982*

*Chi square, +Mann–Whitney U. 
IQR, interquartile range; SWL, shock wave lithotripsy.

Table 3. Multivariate Analysis of Parameters in Patients Treated with 
SWL

Variables

95% C.I. for EXP. (B)

P Lower Upper

Age, (years) 0.964 1.016 .454♠

Stone side, (right/left) 0.354 2.085 .737♠

Stone nature, (new onset/recurrent) 1.283 3.093 .029♠

Anomaly type 0.109 1.954 .293♠

Stone localization 0.262 3.599 .966♠

Session number 0.619 1.060 .125♠

Sock wave number 0.999 1.000 .348♠

Maximum energy 0.989 1.007 .695♠

♠Anova Test.
CI, confidence interval.
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recurrent stones are not uncommon. Studies in the literature have 
reported that stone history may affect SWL success.15 Recurrent 
stones are also stones that are resistant to treatment. In our study, 
SWL was less successful in treating recurrent stones, which is con-
sistent with the literature.

There are different results in the literature regarding the effect 
of the anomaly type on the stone-free rate. Although some stud-
ies emphasize that there is no significant difference in stone-free 
rates due to the type of anomaly, there are also studies report-
ing reduced stone-free rates in horseshoe and polycystic kidneys 
compared to duplex collecting systems and ectopic kidneys.11,16,17 
In our study, although the highest stone-free rate was observed in 
the renal parenchymal anomaly group and the lowest stone-free 
rate was observed in the horseshoe kidney anomaly group, the dif-
ferences between the anomaly type and stone-free rate were not 
statistically significant. It is thought that this result may be related 
to the presence of other factors that may affect the stone-free rate 
and the small sample size.

In studies comparing stone-free rates obtained with different 
lithotripters, it was concluded that the type of lithotripter did not 
affect the success rate, as our study.11,18 A multi-center study with 
more than 1800 patients by Bierkens et al18 reported no difference 
in stone-free rates in patients who underwent SWL with 5 differ-
ent lithotripters. However, all lithotripters compared in this study 
were second-generation devices, and patients did not have an 
anomalous kidney. It was concluded that there was no statistically 
significant difference in second and third-generation lithotripter 
rates between group 1 and group 2 (P = .778). These results are in 
accordance with the literature.

Studies revealing differences in the complication rates in anoma-
lous kidneys are limited. The overall complication rates associated 
with SWL obtained from different studies were found to be 5-7%, 
and it was emphasized that there was no significant increase in 
complication rates in the presence of kidney anomalies.19,20 In 
our study, the overall complication rate was 9.4%. These rates are 
nearly double those reported for non-anomalous kidneys in the lit-
erature. Thus, our study highlights the importance of close follow-
up for stones in anomalous kidneys.

We acknowledge the limitations of the current study. The study 
was conducted using a retrospective design in a single center with 
a small study group. In addition, other variables that may affect the 
stone-free rate, such as stone type, stone Hounsfield unit (HU), and 
the anatomical structure of the calyx were not considered.

Conclusion
In this study, only recurrent stones were found to have lower 

stone-free rates. No other preoperative or postoperative factors 
independently affected the stone-free rate of kidney stones treated 
with SWL in anomalous kidneys. It was concluded that SWL has 
similar effectiveness for different anomaly types.
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