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Abstract

Background: To investigate the relationship between ureteral wall thickness (UWT) and other variables of patients who un-
derwent extracorporeal shock wave lithotripsy (SWL) in the primary treatment of the ureteral stone above the iliac crest level.
Material and methods: A total of 147 patients aged 18 years and older, who underwent SWL in our clinic between Decem-
ber 2016 and December 2019 for the treatment of ureteral stones above the iliac crest level and had a non-contrast-enhanced
abdominal computed tomography (NCCT) scans before the procedure were included in the clinical study. The results were
evaluated at three months after SWL. The absence of residual fragments was considered as stone-free status, and the existence
of any size residual fragment was considered as treatment failure. Results: In our study, the mean age of the patients was 42.4
± 12.8 years, and the stone-free rate was 92.5%. The median transverse stone size was 7.5 mm (min 2.8 - max 15), and the
median UWT was 4.2 mm (1 - 8.7). In the multivariate analysis, UWT (p = 0.002) and multiple stone presence (p = 0.027)
were found to be independent factors affecting stone-free status. In the receiver operating characteristic (ROC) curve analysis,
the optimal threshold value for UWT was determined as 5.25 mm. Conclusions: We found that UWT was the most important
independent variable associated with increased failure in SWL treatment. The presence of multiple stones was another indepen-
dent factor that increased failure rates. Using SWL technology through experience accumulated with the mechanical hardware
of the machine, we can select patients who are more suitable for this treatment and improve treatment outcomes.

Introduction

The European Association Urology (EAU) guidelines recommend extracorporeal shock wave lithotripsy
(SWL) or ureterorenoscopy (URS) as the first choice of treatment in proximal ureteral stones of less than
10 mm while for those larger than 10 mm, the first option is URS and the second option is SWL treatment.
[1] SWL is the most minimally invasive and anesthesia-free option in stone treatment. Most patients can be
treated in outpatient settings. Many factors affect the results of SWL treatment. Proper patient selection
increases the success rate, and stone size is inversely proportional to treatment success. [2] In addition, it
has been stated that the ability of stone targeting affects the success rate. [3]

In the disease process, if the impacted stones remain in the same location for a long time, the contact of
the stone with the ureteral mucosa can cause local inflammation and edema [4,5], leading to an increase in
the ureteral wall thickness (UWT). In a previous study, SWL success was reported to decrease as the UWT
increased in patients with impacted proximal ureter stones. In that study, an impacted stone was defined
as a ureteral stone remaining in the same position (and/or presence of symptoms) for at least one month,
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accompanied by the failure of visualization of the distal segment of the ureter beneath the segment of the
stone on intravenous urography or computed tomography (CT) urography. [6] However, there is insufficient
data in the literature regarding the definition of impacted ureteral stones. Most definitions provided are
subjective and aim to improve the success of SWL treatment. When the literature studies are analyzed, a
discrepancy is also observed in relation to the predictive factors affecting success in the SWL treatment of
proximal ureteral stones. [7,8] Therefore, it is still difficult to choose the appropriate treatment for proximal
ureteral stones.

Innovations in SWL technology have increased the success rate and made it a favorable choice of treatment.
In this study, we aimed to determine the predictors that might affect the stone-free status. For this purpose,
we investigated the effect of UWT and other variables on the treatment results in patients who received
SWL as the primary treatment of ureteral stones above the iliac crest level.

Materials and Methods

The study included patients aged 18 years or older, who received SWL treatment for ureteral stones above
the iliac crest-level between December 2016 and December 2019 at the Urology Department of a University
Hospital. This study was approved by the Institutional Review Board on November 21, 2018 (number:
21263603-806.01.03-96286). SWL is the primary treatment option in our clinic as it is the most minimally
invasive option. It was applied to all ureteral stones above the iliac crest, regardless of patient selection. The
patients who underwent SWL as the primary treatment option between the specified dates were analyzed
retrospectively. Patients with congenital abnormalities, coagulopathy, morbid obesity, pain intolerance, stone
size more than 15 mm, secondary treatment or renal failure were excluded from the study (URS was performed
to these patients). A total of 147 patients with ureteral stones above the iliac crest-level, who underwent
non-contrast enhanced abdominal computed tomography (NCCT) before the SWL procedure and when they
had ureteral stone which were not passed in four weeks, were included in the clinical study.

A urine culture-antibiogram test was applied to the patients before the procedure. In cases where the urine
culture was not sterile, the patients were given an appropriate antibiotic treatment, and SWL treatment was
applied after confirming sterile urine culture with the approval of an infectious diseases specialist. SWL was
performed by a single urologist (NT) with 30 years of SWL experience using a third-generation lithotripter
(Siemens Lithoscope ®, Erlangen, Germany). The procedure was undertaken in the outpatient setting under
fluoroscopic control without administering anesthesia. Analgesic and spasmolytic treatment was applied to
the patients during the procedures. The patients were placed in the supine position. Treatment was started
with an energy level of 60 joules and gradually increased until it reached a maximum value of 120 joules
if tolerated by patients. Initially, the shock wave/minute ratio was set to 60 for the first 500 shock waves,
and then increased to 90 shock waves/minutes. Although 3000 shock waves were applied in each session,
when the clinician deemed it necessary, the number of shock waves was increased to a maximum of 3800.
Treatment was terminated when complete fragmentation of the stone was noted on fluoroscopy. If there was
persistent or incomplete fragmentation of the stone(s) noted on fluroscopy after the maximum number of
shocks had been delivered, a repeat SWL session was performed at five-seven days after the previous one.
When appropriate fragmentation was seen in each session, the procedure was scheduled for next sessions.
SWL was regarded as a failure if no fragmentation was noted after the third session. The results were defined
as stone-free status and treatment failure according to the NCCT evaluation undertaken at three months
after SWL. Stone-free status was defined as the absence of stones while treatment failure was indicated by the
presence of any residual stone regardless of size. In addition, at the time of SWL or after the procedure before
the third-month CT evaluation, URS was performed in all patients who required an additional intervention
due to increased pain or steinstrasse (defined as failure).

The demographic characteristics of the patients (age, gender, comorbidity, and history of stone surgery on
the same side) and stone characteristics [side of the stone, diameter of the ureter in the proximal of the
stone, transverse stone size, stone length, stone volume, mean Hounsfield unit (HU), hydronephrosis degree,
distance between the stone and the skin (SSD), and number of stones were recorded. The NCCT images
at 4X magnification were used. We evaluated the images in three axes (in the axial, sagittal, and coronal
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plane measurements). The largest UWT was obtained from NCCT at the stone site. The ellipsoid formula
(π × length × transverse size × sagittal size ×0.167) was used when calculating the stone volume. SSD
was calculated by measuring the distance from the skin to the stone in a 45 ° posterolateral direction. The
characteristics of the SWL treatment applied to the patients (number of sessions, number of shock per
session, and amount of energy applied per session) were noted.

The selected cross-section range in NCCT was 1.25 mm. The patients were scanned without a contrast agent
using a tube voltage of 120 kV and tube current of 300 mAs. Using the NCCT images taken before each SWL
session of each stone, all parameters were measured by a single radiologist (OT) with 15 years’ experience in
abdominal radiology, who was blinded to the treatment results of the patients. NCCT was used for follow-up
after SWL. The effect of patient- and stone-related parameters on stone-free status was analyzed.

Statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version
22.0. The compliance of data to normal distribution was evaluated by the Shapiro-Wilk test. Normally
distributed data were indicated by mean and standard deviation values. Non-normally distributed data were
reported as median and minimum-maximum values. In the univariate analyses, the chi-square or Fisher’s
exact test was used to compare categorical variables, and Student’s t-test or the Mann-Whitney U-test to
compare independent samples between the groups. Multivariate (logistic regression) analyses was performed
to determine statistically significant independent factors. Statistical significance was considered when the
two-tailed p value was <0.05.

Results

Of the 147 patients evaluated, 77 (52.4%) had right ureteral stones and 70 (47.6%) had left ureteral stones.
The mean patient age was 42.4 ± 12.8 years (Table 1). The median transverse stone size was 7.5 mm (min
2.8 - max 15) and the median UWT was 4.2 mm (1 - 8.7). The median stone density was 822 HU (275 -
1628), and the median stone volume was 277.4 mm³ (36 - 2134.8). The mean SSD was 124.8 ± 23.6 mm.
Based on the data collected over a three-month follow-up period after SWL, 136 (92.5%) of the patients were
identified as stone-free while treatment failure was seen in 11 (7.5%). In the presence of multiple stones, the
stone-free rate was 50% (Table 2).

When stone-related parameters were analyzed statistically, UWT (p < 0.001), presence of multiple stones
(p < 0.001), and increased diameter of the ureter in the proximal of the stone (p = 0.050) were found to
increase the treatment failure rate. Transverse stone size (p = 0.883), stone length (p = 0.365), stone volume
(p = 0.594), HU (p = 0.819), side of the stone (p = 0.160), and SSD (p = 0.803) did not affect stone-free
status (Table 2). In the receiver operating characteristic (ROC) curve analysis, the optimal threshold value
for UWT and the diameter of the ureter in the proximal of the stone were determined as 5.25 mm and
11.95 mm, respectively. The treatment was successful in all 124 patients (100%) with a UWT of <5.25 mm.
Among the patients who had a UWT of [?]5.25 mm, the treatment was successful in 12 (52.1%) and failed
in 11 (47.9%). The sensitivity of this threshold (UWT < 5.25 mm) for SWL treatment success was 100%,
specificity was 91.2%, positive predictive value was 47.8%, and negative predictive value was 100%.

When the patient-related factors were analyzed, although treatment failure increased in patients with co-
morbidities according to the univariate analysis (p = 0.030), no relationship was found in the multivariate
analysis (p = 0.117). Age (p = 0.083), gender (p = 0.514), and history of operation (p = 0.579) (Table 1)
did not affect the failure rate.

When the treatment modalities were examined, the median number of sessions was 2 (1 - 7), the median
number of shockwaves per session was 3000 (300 – 3800) and the mean amount of energy applied per
session was 75.7 +- 22.7 joules. Treatment success increased as the number of sessions decreased (p =
0.001). However, no relation was found in the multivariate analysis (p = 0.535). No statistically significant
correlation was found between the failure rate and the number of median shockwaves (p = 0.094) or the mean
shockwave power applied (p = 0.054) (Table 2). Treatment success decreased in those who had undergone
ancillary procedures (p = 0.048) before SWL, but no significant relationship was found in the multivariate
analysis (p = 0.989). The multivariate analysis revealed UWT (p = 0.002) and multiple stone presence (p
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= 0.027) as independent predictive factors of stone-free status (Table 3).

Discussion

In the literature, the success rate of SWL treatment performed on proximal ureteral stones ranges from 48%
to 96%. [7,9,10] In a study conducted by Besien et al, it was stated that the success of SWL was affected
by the experience and skill of the urologist. [11] In our study, the stone-free rate after SWL treatment was
92.5%, which is and close to the upper limit given in the literature. We consider that in our study, stone
targeting was standardized as it was performed by a single urologist with 30 years of SWL experience.

It is stated that the increase in the UWT in the SWL treatment is one of the factors affecting success. In a
study conducted by Sarıca et al., SWL treatment was performed in 111 patients who had impacted proximal
ureteral stones, and the success rate was found to be 78.4% and the failure rate as 21.6%. The median
transverse stone size was reported as 8.9 mm, and the optimal threshold value for UWT was calculated as
3.55 mm, at which this parameter had 91.7% sensitivity and 77% specificity. It was concluded that UWT
> 3.55 mm was an independent parameter affecting treatment failure.[6] In our study, the stone-free rate
(92.5%) was higher, which may be correlated with the lower mean transverse stone size in our study (7.5
mm vs 8.9 mm). The UWT threshold value of our study (5.25 mm) was also higher than reported by Sarıca
et al. (3.55 mm). In our study, the mean UWT was 4.2 mm, and the selected cross-sectional range was 1.25
mm (a very thin cross-section range). However, Sarica et al. determined the mean UWT as 3.28 mm and
did not specify the cross-sectional range. These factors may have led to the difference in the threshold values
obtained. In a study by Yoshida et al., it was stated that the increase in UWT also decreased the success of
URS.[12]

Extracorporeal shock wave lithotripsy treatment is minimally invasive and can be performed without anes-
thesia, but it is not as effective as the more invasive URS in the presence of a higher number of stones. Eden
et al. found that in distal ureteral stones, the presence of multiple stones increased SWL treatment failure.
The authors stated that the stone-free rate of the patients with single stones was 88%, which decreased to
50% in those with multiple stones. [13] Similarly, in our study, the stone-free rate decreased by 50% in the
patients with multiple stones, and the presence of multiple ureteral stones located above the iliac crest level
further increased the SWL treatment failure rate. Yamashita et al. also stated that the presence of multiple
stones was a parameter that increased URS failure.[14]

In a recent study by Guler et al., the diameter of the proximal ureter was found to be an independent
parameter affecting the treatment success of proximal ureteral stones with SWL. [15] In our study, the
diameter of the ureter in the proximal of the stone was found to increase treatment failure in the univariate
analysis, but a similar relationship was not observed in the multivariate analysis. In parallel with the study of
Guler et al., the hydronephrosis degree increased failure according to the univariate analysis, but no relation
was found in the multivariate analysis.

It is considered that systemic diseases may affect inflammatory reaction caused by the stone on the ureteral
mucosa. Hubert et al. found that patients with comorbidities had decreased SWL success. The treatment
being successful was 2.4 times more likely in patients with one comorbidity compared to those without
any comorbidity. [16] Dalibor et al. stated that there was no relationship between SWL success and
comorbidities. [17] In our study, the univariate analysis revealed that among the ureteral stones above the
iliac crest, the failure rate increased in the presence of comorbidities while no such association was detected
in the multivariate analysis.

In a previous multi-center study conducted in our clinic, we created a nomogram for patients who underwent
SWL in the pediatric group and found that a history of stone surgery on the same side affected the success
of treatment. [18] However, when we conducted the current study with adult patients, we observed no
relationship between treatment failure and having a history of previous stone surgery or ureteral stones
above the iliac crest level.

In some patients, placing a ureteral double J catheter before SWL may be considered to improve treatment
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success and associated complications. Ghonelm et al. stated that there was no significant relationship
between urethral stent placement and treatment success in impacted proximal ureteral stones. [19] As in
our study, the univariate analysis undertaken by Yamashita et al. showed that patients undergoing urinary
drainage had increased treatment failure, but no relation was found in the multivariate analysis.[7]

Ng et al. stated that SSD was a predictor of the success of SWL treatment, but they did not specify the
mean SDD of the patients.[20] However, Mains et al. reported the mean SSD as 13 cm and noted that it did
not affect SWL success. [21] We determined a similar mean SSD value (12.5 cm) in our study. Furthermore,
similar to Mains et al., we did not find a relationship between SSD and SWL success. In many studies, it
has been suggested that the size of the ureteral stone affects the success of SWL. [22,23] However, in our
study, no significant relationship was found between stone size and treatment success. Contrary to what is
stated in the EAU guidelines [1], no relationship was found in SWL success and stone-free status according
to the stone density (HU) of patients in both the recent study of Yamashita et al. [7] and our study.

The limitation of our study was its retrospective nature. Since the definition of impacted stones is subjective,
and there is no consensus among the clinicians in the literature, we did not classify the stones as impacted
or non-impacted in this study. With the growing SWL experience globally and according to our data, the
predictive factors used to increase SWL success may change in the coming years.

Conclusion

We found that in the treatment of ureteral stones above the iliac crest level with SWL, UWT was the
most important independent variable that increased treatment failure. Although not as strong as UWT,
the presence of multiple stones was another independent factor that increased failure. The use of SWL
technology and growing experience concerning the mechanical hardware of the machine can further improve
treatment results and lead to the most minimally invasive treatment option becoming more popular.
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Table 1 . Comparison of the outcomes in terms of demographic characteristics

p

Overall (147) Stone-Free
(136)

Failure (11)

Age (Year) 42.46 ± 12.83 41.9 ± 12.8 48.9 ± 11.8 0.083 +

Gender n, (%) Male
Female

108 (73.5%) 39
(26.5%)

99 (91.6%) 37
(94.8%)

9 (8.4%) 2 (5.2%) 0.514 ++

History of surgery
n, (%) Yes No

8 (5.4%) 139
(94.6%)

7 (87.5%) 129
(92.8%)

1 (12.5%) 10 (7.2%) 0.579 ++

Comorbidity n, (%)
Yes No

18 (12.2%) 129
(87.8)

14 (77.7%) 122
(94.5%)

4 (22.3%) 7
(5.5%)

0.030 ++

+ T test in
independent
groups, ++

Fisher’s Exact
Test

+ T test in
independent
groups, ++

Fisher’s Exact
Test

+ T test in
independent
groups, ++

Fisher’s Exact
Test

+ T test in
independent
groups, ++

Fisher’s Exact
Test

+ T test in
independent
groups, ++

Fisher’s Exact
Test

Table2. Comparison of the outcomes in terms of stone and treatment characteristics

p

Overall (147) Stone-Free
(136)

Failure (11)

Side of stone n, (%)
Left Right

70 (47.6) 77 (52.4) 67 (95.7) 69 (89.6) 3 (4.3) 8(10.4) 0.160 ++

HU median,
(range)

822 (275-1628) 826 (275-1628) 770 (345-1548) 0.819 ¶

HU n, (%) <1000
[?] 1000

106 (72.1) 41 (27.9) 98 (92.5) 38 (92.7) 8 (7.5) 3 (7.3) 1 §

Stone length
(mm) median,
(range)

11 (3 - 24) 11 (3 - 24) 12 (6.6 – 19.5) 0.365 ¶

Stone volume
(mm3) median,
(range)

277 (36-2134) 277 (36–2134) 384.2 (87.5 –
895.1)

0.594 ¶

Transverse stone
size (mm)
median, (range)

7.5 (2.8 - 15.3) 7.4 (2.8 – 15.3) 8 (5.1 - 10) 0.883¶

Diameter of the
ureter proximal of
the stone (mm)
median, (range)

11 (6 - 28.7) 11.5 (6 – 28.7) 13 (9.7 – 18.8) 0.050 ¶

HN (Grade) n, (%)
0 1 2 3

10 (6.8) 105 (71.4)
29 (19.7) 3 (2)

10 (100) 99 (94.2)
24 (82.7) 3 (100)

0 6 (5.8) 5 (17.3) 0 0.075 §

Number of Stone n,
(%) Single Multiple

141 (95.9) 6 (4.1) 133 (94.3) 3 (50) 8 (5.7) 3 (50) 0.006 §
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SSD (cm) mean ±
sd

124.8 ± 23.6 124.6 ± 23.7 126.55 ± 23.2 0.803 +

UWT (mm)
median, (range)

4.2 (1-8.7) 4.1 (1- 8.7) 5.8 (5.3 - 7) <0.001¶

Number of
sessions, median
(range)

2 (1-7) 2 (1-7) 3 (2-7) 0.001 ¶

Shockwave
number, median
(range)

3000 (300-3800) 3000 (300-3800) 3375 (2618-3570) 0.094 ¶

Shockwave power,
mean ± sd

75.7 ± 22.7 74.7 ± 22.1 88.1 ± 21.7 0.054 +

Ancillary
procedures n, (%)
None JJ
Nephrostomy

135 (91.8) 12
(8.2) 0

127 (94) 9 (75) 0 8 (6) 3 (25) 0 0.048 §

+ T test in
independent
groups ++ Ki kare
test SS Fisher’s
Exact Test P

Mann Whitney U
test

HU: Hounsfield
unite UWT:
Ureteral wall
thickness
SSD:Skin to
stone distance
HN:Hydronephrosis

HU: Hounsfield
unite UWT:
Ureteral wall
thickness
SSD:Skin to
stone distance
HN:Hydronephrosis

HU: Hounsfield
unite UWT:
Ureteral wall
thickness
SSD:Skin to
stone distance
HN:Hydronephrosis

Odds Ratio
%95 Confidence
Interval

%95 Confidence
Interval

Lower Upper p value
Comorbidity 0.195 0.025 1.503 0.117
Number of stone 0.143 0.011 1.871 0.138
Ancillary
procedures

0.979 0.050 19.170 0.989

Diameter of the
ureter proximal of
the stone (mm)

0.816 0.591 1.125 0.215

UWT 8.451 2.374 30.086 0.001
Number of sessions 1.199 0.676 2.128 0.535
UWT: Ureteral
wall thickness

UWT: Ureteral
wall thickness

UWT: Ureteral
wall thickness

UWT: Ureteral
wall thickness

UWT: Ureteral
wall thickness

Table 3. Multivariate Analysis of Stone-Free and Parameters in SWL

Figure Legends:

Figure 1: Evaluating the UWT in the axial plane measurement. The largest UWT was obtained from NCCT
at the stone site.

Figure 2: Evaluating the UWT in the coronal plane measurement.

Figure 3: Evaluating the UWT in the sagittal plane measurement.
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