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Abstract

Aims To evaluate the effect of pre-RIRS ESWL on the efficiency and safety of RIRS in the treatment of proximal ureter stones.
Methods The patients in the study population were divided into 2 groups. Group-1 was composed of patients who had undergone
ESWL for proximal ureter stones before RIRS, and Group-2 was composed of patients who directly underwent RIRS without any
prior ESWL. The clinical and demographic properties of the patients were analysed in the RIRSearch database. The operative
outcomes, peroperative complications, postoperative complications, hospitalization time and the stone-free rates were compared
between the groups. Results There were 56 patients in Group-1 and 95 patients in Group-2. The demographic and clinical
properties were similar between the groups. The stone-free rates, peroperative complications and postoperative complications
were also similar between the groups; however, the fluoroscopy time was significantly higher in Group-1 (p=.043). The cut-off
duration of 10 weeks between ESWL and RIRS had reasonable/favourable discriminating ability, with a 51% sensitivity and
88% specificity rate for stone-free status. Conclusion Performing ESWL on the proximal ureter stones before RIRS did not
change the efficacy and safety of RIRS. The time between the patient’s last ESWL session and RIRS had a predictive value for
stone-free status, but did not have any effect on complications.
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Abstract

Aims

To evaluate the effect of pre-RIRS ESWL on the efficiency and safety of RIRS in the treatment of proximal
ureter stones.

Methods

The patients in the study population were divided into 2 groups. Group-1 was composed of patients who had
undergone ESWL for proximal ureter stones before RIRS, and Group-2 was composed of patients who directly
underwent RIRS without any prior ESWL. The clinical and demographic properties of the patients were
analysed in the RIRSearch database. The operative outcomes, peroperative complications, postoperative
complications, hospitalization time and the stone-free rates were compared between the groups.

Results

There were 56 patients in Group-1 and 95 patients in Group-2. The demographic and clinical properties
were similar between the groups. The stone-free rates, peroperative complications and postoperative com-
plications were also similar between the groups; however, the fluoroscopy time was significantly higher in
Group-1 (p=.043). The cut-off duration of 10 weeks between ESWL and RIRS had reasonable/favourable
discriminating ability, with a 51% sensitivity and 88% specificity rate for stone-free status.

Conclusion

Performing ESWL on the proximal ureter stones before RIRS did not change the efficacy and safety of RIRS.
The time between the patient’s last ESWL session and RIRS had a predictive value for stone-free status,
but did not have any effect on complications.

Keywords: retrograde intrarenal surgery, extracorporeal shock wave lithotripsy, efficacy, safety, complica-
tions, stone-free.

What is already known about this topic?
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The effect of presurgical ESWL on the efficacy and safety of semirigid ureteroscopy was shown in some
studies. These studies reported that the presurgical ESWL did not complicate the semirigid ureteroscopy
and did not increase the complication rate. On the other hand, with the evolution of technology retrograde
intrarenal surgery became a standard procedure for patients with upper ureter stones. There is a significant
gap in the literature defining the effect of pre-RIRS ESWL on the efficacy and safety of at RIRS for upper
ureter stone treatment.

What does this article add?

The results showed that ESWL before the RIRS did not complicate the surgery but significantly increased the
peroperative fluoroscopy time. The duration between the last ESWL session to the RIRS was a predictor
for stone free-rates. The number of ESWL sessions before the RIRS was a predictor of operation time.
According to our knowledge this article is the first article documenting the effect of pre-RIRS ESWL on the
efficacy and safety of RIRS.

Introduction

The evolutional history of retrograde intrarenal surgery (RIRS) dates back to the 1970s, but the clinical usage
of this technique has gained increasing popularity in the last 2 decades [1]. The functional developments
of flexible ureteroscopes, lasers and ancillary equipment have led RIRS to become a significant surgical
technique for the treatment of upper urinary system stones [2]. Due to these technological advancements,
the guidelines for the treatment of urinary system stone disease have been frequently revised.

Despite these technological advancements, extracorporeal shock wave lithotripsy (ESWL) still maintains its
importance for the treatment of upper urinary system stones less than 2 cm. in diameter. On the other
hand, recent studies reporting the trends of urolithiasis treatment have shown a significant increase in the use
of ureteroscopy compared to ESWL [3-5]. RIRS and ESWL are the 2 main treatments for proximal ureter
stones. The European Association of Urology (EAU) guidelines recommend ureteroscopy as the first-line
treatment for proximal ureter stones >10 mm, and ureteroscopy or ESWL for proximal ureter stones <10
mm [6]. According to the American Urology Association and Endourology Society guidelines, ureteroscopy
is recommended as the treatment modality for proximal ureter stones of any size [7,8]. The efficacy and
the safety of RIRS has led this procedure to replace the role of ESWL in the treatment of proximal ureter
stones. On the other hand, expensive and fragile surgical equipment make this surgery a costly procedure.
For this reason, there are several clinics that perform ESWL as the first-line treatment of proximal ureter
stones and prefer RIRS as the second-line treatment for patients in which ESWL is not successful.

ESWL has proven to be a safe and effective method for the treatment of urinary system stones; however, it
may lead to tissue damage, that is localized around the target zone. Animal studies have documented that
ESWL causes torn vessels with platelet aggregation; vacuolization to complete necrosis of the epithelium
and vascular smooth tissue; and aggregation of red blood cells and leukocytes in the interstitial space. The
micro-environmental changes lead to tissue oedema and an inflammatory reaction around the target stone
[9]. This reaction may also occur at the ureter wall around the stone, and may cause the stone to impact
at the ureteric mucosa. The traumatic effect of ESWL on the ureteral wall and mucosal oedema may be
considered a complication of RIRS that affects the efficiency and safety of this procedure.

We hypothesized that performing ESWL on proximal ureter stones before RIRS may be a disadvantage for
the efficiency and safety of the surgery. In order to determine the validity of our hypothesis, we evaluated
the effect of pre-RIRS ESWL on the efficiency and safety of RIRS in the treatment of proximal ureter stones.

Materials and Methods

With the approval of the local ethics committee (approval number 2020.193.08.02), patients who under-
went RIRS for the treatment of proximal ureter stones between 2014 and 2020 at 4 referral centres were
retrospectively included in the study. The proximal ureter was defined as the ureteral portion between the
ureteropelvic junction and the upper border of the iliac crest. Patients younger than 18 years of age; patients
with a renal anatomical anomaly, bleeding tendency, solitary kidney, multiple stones (even at the proximal
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. ureter); and patients who had undergone previous ipsilateral ureteric or renal surgery were excluded from
the study.

The patients in the study population were divided into 2 groups. Group 1 was composed of patients who
had undergone ESWL for proximal ureter stone before RIRS, and Group 2 was composed of patients who
directly underwent RIRS without any prior ESWL. RIRS was performed by urologists from the 4 centres
who had a minimum of 5 years’ experience. The clinical and demographic properties of the patients, includ-
ing age, gender, body mass index, preoperative serum creatinine level, preoperative renal hydronephrosis,
number of ESWL sessions, duration between the last ESWL session and RIRS and stone-related parameters,
such as stone volume, stone density and location, were analysed at our database. All patients underwent
preoperative evaluation, which included a detailed anamnesis, physical examination and routine laboratory
studies, including serum creatinine, urinalysis and a urine culture, and a preoperative radiologic evaluation
with non-contrast computed tomography (NCCT). The stone volume was calculated based on the NCCT
images using the formula as follows: length × width × height × 0.523 (mm3). Stone density was measured
by the mean value of three Hounsfield unit (HU) measurements that were taken from the centre, sub-centre
and peripheral regions of the maximum stone length in the axial NCCT image. The operative outcomes
(operation time and fluoroscopy time), peroperative complications, postoperative complications, hospitali-
zation time and the stone-free rates after RIRS were compared between the groups. The stone-free status
was defined as: no evidence of residual stones or remaining residual fragments of <3 mm on the first month
postoperative NCCT images.

Surgical technique

All patients provided written informed consent before the surgery. As a standard procedure, pre-surgical
urine cultures were obtained and positive cultures were treated according to antibiogram. Second-generation
cephalosporins were utilized for preoperative antibiotic prophylaxis. All of the surgeries were performed
under general anaesthesia. After the cystoscopic evaluation of the bladder, a retrograde pyelography was
performed to evaluate the upper urinary system. A 0.035-inch safety guidewire (Sensor®, Boston Scientific,
Marlborough, MA, USA) was routinely placed. Then, the ureteral access sheath (UAS; 10-12 Fr. Bi-Flex,
Rocamed, Monaco or 11/13 Fr. Boston Scientific, Marlborough, MA, USA) was inserted over the working
guidewire and placed just below the proximal ureter stone under fluoroscopic guidance. The flexible uretero-
scope (MARKA) was inserted through the UAS, and a holmium: YAG laser with a 272 μm laser fibre was
used to fragment the stones. The laser energy and pulse frequency were varied based on the stone burden,
stone density and the surgeon’s preference. Stone fragments >2 mm were extracted using a nitinol basket
catheter (Dakota®, Boston Scientific, Marlborough, MA, USA). A 4.7 Fr. double J stent was inserted into
the urinary system and left in place for 1 to 4 weeks according to the surgeon’s preference. During follow-
up, all patients were evaluated using kidney-ureter-bladder radiography at the postoperative first day and
low-dose CT in the postoperative first month.

Statistical analysis

Categorical variables were expressed as frequencies and percentages (%), and continuous variables were
expressed as mean ± standard deviation (SD). The Shapiro–Wilk test was used to assess the normality
assumption for the continuous variables. The Student’s t-test or Mann–Whitney U test was used between
groups, whether the statistical hypotheses were fulfilled or not. The Chi-squared test was used to compare
the distribution of categorical variables in groups. Simple logistic regression was used for bivariate analysis
to identify individual associations with stone-free status (Yes/No), hospitalization time (1 day versus more
than 1 day) and postoperative complications (Yes/No). A p value of < .25 was accepted as significant in
the selection of the factors whose efficacy would be assessed with multiple logistic regression analysis, which
was performed stepwise. Significant results are presented as odds ratios (ORs) and 95% confidence interval
(CI). Multiple regression was run to predict operation time. Non-significant covariates were removed from
the model. There was linearity as assessed by a plot of studentized residuals against the predicted values.
The area under the receiver operating curve (AUC) was calculated. All statistical analyses were performed
using SPSS 19.0 software (IBM Corp., Armonk, NY, USA). All statistical tests had a statistical significance
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. level of p value < .05 (two-tailed).

Results

There were 56 patients in Group 1 and 95 patients in Group 2. The demographic characteristics of the
patients and the stone-related variables were similar between the groups. The preoperative serum creatinine
level, the rate of preoperative double J stenting and the rate of hydronephrosis were also similar between
the groups. The mean number of ESWL sessions and the mean duration between the last ESWL session and
RIRS in Group 1 were 2.9 ± 1.0 times and 68.4 ± 69.9 days, respectively (Table 1).

The stone-free rates of Group 1 and Group 2 were 94.6% and 93.7%, respectively (p = .893). The mean ope-
ration time was 63.3 ± 24.5 min for Group 1 and 63.4 ± 25.6 min for Group 2 (p = .997). The fluoroscopy
screening time and hospitalization time were significantly higher in the Group 1 patients. Peroperative and
postoperative complications were similar between the groups (Table 2). All of the peroperative complications
in both groups were classified as Grade 1 on the Clavien-Dindo classification scale, which included muco-
sal erosion and mild bleeding. A total of 7 (12.5%) patients in Group 1 had postoperative complications,
including postoperative fever that required antibiotherapy. Among the patients in Group 2, 10 (10.5%) had
postoperative complications, including fever (8 patients) and urosepsis (2 patients).

In order to evaluate the possible predictive effect of ESWL on the efficacy and safety of RIRS for proximal
ureter stone treatment, a model of variables composed of age, sex, number of ESWL sessions, the duration
between ESWL and RIRS, stone density, presence of hydronephrosis and stone volume was formed. According
to this group analysis, the duration between ESWL and RIRS (in weeks) was found to be a predictive factor
for stone-free status. On the other hand, the AUC (0.662) was found to be statistically non-significant (p =
.126) and the Youden index was low (0.400); hence, it was suggested that the time from ESWL to RIRS had
no discriminatory ability. Nonetheless, all patients who underwent RIRS after duration of 10 weeks post-
ESWL were stone-free, and the cut-off duration of 10 weeks from ESWL to RIRS had reasonable/favourable
discriminating ability with 51% sensitivity and 88% specificity. The OR for the duration between ESWL
and RIRS was 1.27 (95% CI: 1.11-1.44) for each week. The relation between the model variables and the
operation time, hospitalization time and complications are given in Table 3.

Discussion

RIRS is an emerging surgical technique for the treatment of upper urinary system stone disease. Despite its
invasive nature, the preference rate of RIRS has increased significantly [2]. On the other hand, many urologists
prefer ESWL as the first-line treatment of proximal ureteral stone disease. It is scientifically reasonable that
the EAU guidelines recommend ESWL and ureteroscopy as equally valid for the treatment of proximal ureter
stones <10 mm [6]. For that reason, many patients undergo ESWL for proximal ureteral stone disease, and
RIRS becomes the second-line treatment modality for patients in which ESWL is unsuccessful.

Although ESWL is defined as a non-invasive procedure, it has some destructive effects on tissues [10].
Studies have demonstrated that the shock waves might lead to microvascular damage and shear effect at
the tissue around the stones [11,12]. The traumatic effect of ESWL has also been clinically observed. Nearly
all ESWL sessions cause microscopic or macroscopic haematuria. Experimental studies have demonstrated
that uroepithelial irritation was not the only reason for hematuria, the main reason was microvascular
damage and local trauma [11]. Histomorphologic studies showed that shock waves induce torn vessels with
platelet aggregation; vacuolization to complete necrosis of the epithelium and vascular smooth muscle; and
aggregation of red blood cells and leucocytes in the interstitial space [13]. Although these findings have been
shown in the renal parenchyma and papilla, the ureteral wall might also be exposed to similar reactions after
ESWL treatment of ureteric stones. Ureteral stricture is a devastating complication of ESWL, which might
be the result of an extreme reaction that occurs due to tissue damage from the shock waves [14].

One of the main questions of our study was: “Does the presence of pre-RIRS ESWL complicate the RIRS
procedure?” The peroperative variables, such as operation time and peroperative complication rates, were
similar between the groups. The postoperative variables, such as postoperative complication rates and hos-
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. pitalization time, were also similar between the groups. These data revealed that performing ESWL before
RIRS did not complicate the surgical procedure for proximal ureteral stone disease. On the other hand,
the fluoroscopy screening time was nearly twice as long, with a significant difference in patients who had
undergone ESWL before RIRS. This data showed that surgeons had to use more fluoroscopy during RIRS
for patients who have undergone ESWL before the surgery. The importance of radiation exposure during
the surgery is a well-known phenomenon by surgeons, and all surgeons try to obey the ALARA (As Low As
Reasonably Achievable) principles. For that reason, the significant difference in radiation time between the
groups might demonstrate that the surgeons of our cohort had to be more cautious during RIRS performed
after ESWL. This finding was an important output of our study. Although the operation time and perope-
rative complication rates showed that pre-RIRS ESWL did not complicate the surgical procedure, surgeons
had to use more radiation during the procedure for patients who had previously undergone ESWL.

Another question that we tried to answer in this study was: “Does the presence of pre-RIRS ESWL affect
the stone-free rates of RIRS?” The stone-free rates were similar between the groups, which showed that the
performance of ESWL before the surgery did not affect the surgical success. On the other hand, the time
from the ESWL and RIRS had a predictive effect on the success rate of RIRS. The stone-free rates of RIRS
for proximal ureter stones increased as the duration between ESWL and RIRS increased. The authors found
that the OR for stone-free status was 1.27 for each preceding week, and the threshold time was 10 weeks with
51% sensitivity and 88% specificity. To our knowledge, this study is the first in the literature documenting
the relation between stone-free status and the duration between ESWL and RIRS. As the proximal ureter
stones may lead to hydronephrosis and a heightened risk for renal dysfunction, it may not be logical to wait
for 2 months after the ESWL to perform RIRS. On the other hand, this data may be important to predict
the success of RIRS. For the patients who have very recently undergone ESWL, inserting a double J stent
and postponing the surgery for a while may be a solution to increase the stone-free rates of patients.

There have been some studies evaluating the predictive factors of the efficacy and safety of semirigid ureteros-
copy for the treatment of upper ureteral stones. The variables related to stone migration, such as the length
and diameter of the proximal ureter portion, stone size and surgeon’s experience, were the main predictors
for the success rate of semirigid ureteroscopy [15]. Stone migration has limited importance for RIRS because
the flexible nature of the ureteroscopes let the surgeons follow the migrated stone and complete the surgery.
Although semirigid ureteroscopy and RIRS have similarities in terms of technical principles, they are totally
different in terms of surgical procedure. For this reason, it is hard to compare the predictive factors for the
success of semirigid ureteroscopy with RIRS.

The retrospective design and relatively limited study population were the main limitations of our study.
However, the study data were obtained from the RIRSearch database, which was prospectively created
with detailed evaluation. Another limitation was the lack of ESWL standardization in our study group.
The patients had undergone ESWL sessions in different institutions, which impacted the standardization of
the procedure. However, it is a reality that surgeons have to perform RIRS on patients who have undergone
ESWL in different clinics without standardization. We believe that this study is valuable because it represents
the first investigation evaluating the effect of pre-RIRS ESWL on the results of RIRS in the treatment of
proximal ureter stones.

Conclusion

In conclusion, performing ESWL on proximal ureter stones before RIRS did not change the efficacy and
safety of RIRS. The presence of ESWL before RIRS significantly increased the peroperative fluoroscopy
time. Although the time between the last ESWL session and RIRS had a predictive value for stone-free
status, it did not have any effect on complications. As the duration between the ESWL session and RIRS
increased, the stone-free rates also increased. The number of ESWL sessions was related with operation time
with a positive relationship.
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