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What’s known on the subject? and What does the study add?

The most desirable conditions following a successful retrograde intrarenal surgery (RIRS) procedure are a complete flush-out of all stone
fragments and no stone-related events yet the residual stone fragments remain a challenging topic for urologists after RIRS. This study is
demonstrating the benefits of a second-look flexible ureterorenoscopy (URS) following RIRS. Though in the present study we intervene to
single or multiple calyceal stones with a stone basket to achieve a complete stone-free status. Our results confirm that a second-look URS
decreases stone-related events for clinically insignificant stones

Abstract EEEEETTTTTTTTT——————

Objective: Residual stone fragments remain a challenging topic for urologists following retrograde intrarenal surgery (RIRS). This study aimed to
investigate the effectiveness of second-look flexible ureteroscopy (URS) to achieve a true stone-free status and decrease stone-related events.

Materials and Methods: The study included 176 consecutive patients treated with RIRS for kidney stones between October 2013 and December
2017. Patients were divided into two groups. Group 1 included patients who underwent only one session of RIRS (n=51) and group 2 included
patients who undergo a second-look flexible URS after RIRS (n=125). Both groups were compared for stone-free rates and potential risk factors
associated with stone-related events. Stone-related events were defined as urinary infection, renal colic, stone enlargement, and any additional
intervention with shock wave lithotripsy or reoperation.

Results: Stone-free rate after RIRS for groups 1 and 2 were 37.25% (n=19/51) and 40.8% (n=51/125), respectively. The stone-free rates improved to
93.6% (n=117/125) in group 2 after the second-look flexible URS. The multivariable analysis revealed that type of intervention, stone size, and body
mass index were independent prognostic factors for stone-related events. When group 2 was taken as a reference, the odds ratio for stone-related
events was 8.48 (95% confidence interval: 2.95-24.42) in group 1.

Conclusion: Second-look flexible ureterorenoscopy increased the stone-free rates and diminished the number of stone-related events. We argue
that performing second-look flexible ureterorenoscopy in the early period following RIRS in the presence or suspicion of residual stone fragments
provides better treatment results.
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Introduction of the primary metrics used to measure the RIRS outcome is the

stone-free rate. Residual stone fragments of 4 mm or less after
The most desirable conditions following a successful retrograde RIRS are accepted as clinically insignificant (3). RIRS studies
intrarenal surgery (RIRS) procedure are a complete flush-out of revealed that in almost 20% of cases, clinically insignificant
stone fragments and diminishing stone-related events (1,2). One residual stone fragments are postoperatively observed (4);
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however, these residual stone fragments may grow and cause
stone-related events, such as pain and infection (5,6).

Residual stone fragments were detected by ultrasonography
(USG), kidneys, ureters, and bladder (KUB) radiography, or
computed tomography (CT) (7). The most accurate imaging
technique is the CT scan, which may show stones as small as
1 mm, although concerns about radiation exposure limit its
use (8). Additionally, CT is underutilized for imaging due to
economic reasons; residual stone fragments; therefore, a wide
range of stone-free rates are reported following RIRS (9-12).

Various techniques and methods have been reported in the
literature to achieve an utterly stone-free status and reduce
radiation exposure, including artificial intelligence algorithms
(13,14). This study aimed to investigate the effectiveness of
second-look flexible ureteroscopy (URS) to achieve a true
stone-free status and decrease stone-related events. To our
knowledge, the use of routine second-look flexible URS for this
purpose has not been previously studied.

Materials and Methods

This study retrospectively analyzed 282 consecutive patients who
were treated with RIRS and laser lithotripsy for kidney stones
between October 2013 and December 2017. This study was
conducted following the Ethics Committee of Kocaeli Derince
Traning and Research Hospital guidelines (approval number:
2018/24). All patients were informed about the procedures
and alternative treatment modalities. The surgical choice was
made by the patient with counseling from the surgeon. Written
informed consent was collected.

A total of 106 patients were excluded as follows: cases in the
learning curve (n=50); patients whose RIRS was performed
by a different surgeon (n=29); cases with incomplete data on
the stone type, CT scan, or follow-up (n=18); patients with
poor visibility secondary to bleeding during RIRS (n=6); and
cases of intraoperative complications necessitating secondary
procedures (n=3). The remaining 176 patients comprised the
study sample.

In this study, the second-look flexible URS procedure refers to
the endoscopic control of the renal pelvis and major calyces
with a flexible ureteroscope while removing the Double-J stent
in the same session.

Patients are divided into two groups based on the type of
management. Group 1 included patients undergoing only one
session of RIRS (n=51) and group 2 included patients who
underwent a second-look flexible URS after RIRS (n=125).

All RIRS operations were performed by a single surgeon (IC)
under general anesthesia. A single dose second-generation

cephalosporin was used for antibiotic prophylaxis. Before the
ureteral access sheet placement, the ureter was examined
with a semi-rigid ureteroscope for the presence of ureteral
stones and any other unexpected pathology. A ureteral
access sheath (9.5 Fr, Flexor Cook) was used. RIRS was
performed using a 7.5 Fr Flex X2s (Karl Storz, Germany) URS.
A Quantasystem-Litho Holmium: YAG laser (Milan, Italy)
with 200-micron fiber was used for stone fragmentation. As
possible, all stone fragments were extracted with a 1.7 Fstone
basket (NGage® Nitinol stone extractor, Cook, Bloomington,
IN, USA). At the end of the RIRS, a 4.7 F Double-J stent was
placed in case of ureteral balloon dilatation, first ureteral
attempt, prolonged operation time due to stone size,
ureteral mucosa edema, suspicious residual stone fragment,
or hematuria. Extracted stone fragments were sent for X-ray
diffraction stone analysis.

An immediate intraoperative stone-free rate was defined as
the absence of stone fragments and reported by the surgeon
at the end of the procedure. After RIRS in group 1 and after
second-look flexible URS in group 2, X-ray KUB and ultrasound
were performed on all patients to determine the presence of
residual stone fragments. A detectable stone of any size (>1
mm) was considered as a residual stone. Unless a complication
was observed, patients were discharged on a postoperative day
following RIRS.

In cases where a Double-J stent is placed during RIRS, the stent
was removed within 2 weeks, and a second-look flexible URS is
performed. Residual stone fragments with sizes ranging from 1
mm to 4 mm were extracted with a basket catheter during the
second-look flexible URS. Laser lithotripsy was applied in two
patients with stones larger than 4 mm. A ureteral access sheath
was not used while performing a second-look flexible URS, and
patients were discharged on the same day of the procedure.

Preoperatively, all patients had routine laboratory work and
a CT scan. Unless earlier intervention was indicated, patients
received follow-up for stone-related events every 6 months
thereafter.

The potential risk factors associated with stone-related events
were analyzed, including age, gender, body mass index (BMI),
stone size, operative difficulty, CT stone density and size
(centralized to the mean and scaled to 5 mm), residual stone
fragments, stone type, and stone management groups. Stone-
related events were defined as urinary infection, renal colic,
stone growth, and any additional shockwave lithotripsy or
reoperation. The operative difficulty was categorized, based on
the stone location, as accessible (isolated mid or upper calyx
or renal pelvis stones), moderate (middle or upper calyx stones,
with pelvis stones), or complex (lower calyx stone, with or
without pelvis stones).
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Statistical Analysis

Histograms and the Shapiro-Wilk test were used to test for
normally distributed variables. Descriptive analyses were
presented using the mean + standard deviation. The chi-square
test was used to compare categories, and the t-test was used
for continuous variables. Univariable and multivariable analyses
with logistic regression were used to assess the association
between covariates. All analyses were performed using STATA
14.2 (StataCorp, TX). Statistical significance was set at 0.05, and
all tests were two-tailed.

Results

This study included 176 patients who had initial RIRS for kidney
stones. Age, gender, follow-up period, stone side, BMI, and
operative difficulty were not significantly different between
groups, except for size and density (detailed demographic and
clinical data of patients are summarized in Table 1).

Immediate intraoperative stone-free rates for groups 1 and 2
were 43.14% (n=22/51) and 57.6% (n=72/125), respectively.
Postoperative radiologically controlled residual stone fragments
after the initial RIRS for groups 1 and 2 were 37.25% (n=19/51)

Table 1. Demographic and clinical data of the study groups.

Group 1 Group 2

RIRS only Second-look flexible URS p-value

(n=51) (n=125)
Age (year); mean + SD 48.8+15.1 479+11.1 0.68
Follow-up (month); mean + SD 21.2+10.9 20.5+11.7 0.69
Female; n (%) 18 (35.3) 31 (24.8)
Male; n (%) 33 (64.7) 94 (75.2) 0.159
Left side; n (%) 25 (49) 74 (59.2)
Right side; n (%) 26 (51) 51 (40.8) 0.217
BMI (kg/m?); mean + SE 27.5+3.7 28.6+4.2 0.106
Size (mm); mean + SE 20.1+9.3 16.5+9.1 0.006
Difficulty; n (%)
Easy 31 (60.8) 21 (16.8) N/A
Moderate 7 (13.7) 29 (23.2) N/A
Hard 13 (25.5) 75 (60) N/A
Stone density (HU); mean + SD 910.8+320.8 1116.7+369.8 <0.001
Stone composition (Predominant component), n (%)
Calcium oxalate 42 (82.35) 90 (72) N/A
Calcium phosphate 6 (11.76) 19 (15.2) N/A
Cystine 1(1.96) 5 (4) N/A
Uric acid 1(1.96) 8 (6.4) N/A
Struvite 1(1.96) 3(2.4) N/A
First procedure

19 (37.25) 51 (40.8) 0.663
Stone-free rate; n (%)
Second-look URS

- 117 (93.6) N/A
Stone-free-rate; n (%)
Postoperative stone-related events; n (%)
No event 22 (43.14) 99 (79.2) <0.001
Asymptomatic stone growth 2 (3.92) 10 (8) N/A
Urinary infection 8 (15.69) 10 (8) N/A
Renal colic 3 (5.88) 1(0.8) N/A
Emergency room admission 1(1.96) - N/A
Shock wave lithotripsy 8 (15.69) 1(0.8) N/A
Reoperation 7 (13.73) 4(3.2) N/A
BMI: Body mass index, SD: Standard deviation, SE: Standard error, HU: Hounsfield unit, URS: Ureterorenoscopy
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and 40.8% (n=51/125), respectively. After the second-look
flexible URS, stone-free rates improved from 40.8% to 93.6%
(n=117/125); for eight patients who were not considered stone-
free, the residual stone fragments that are visibly smaller than
1 mm were not retrievable with a basket. Four patients (3.2%)
with an initial stone size greater than 2 cm were reoperated
(Table 1).

The univariable analysis indicated that BMI, size, operative
difficulty, and type of intervention (group 1 vs. group 2) were
significantly associated with SREs (Table 2). The stone-related
events rate increased by 19.6% for each 5 mm increment in
stone sizes. Age, stone density, stone type, side, gender, and
radiologic residual stone fragments were not significantly
associated with stone-related events (data not shown).

Accordingly, the final model variables included the type of
intervention, operative difficulty, stone size, BMI, residual stone,
and stone density (p<0.001). The type of intervention, stone
size, and BMI were independent prognostic factors for stone-
related events. When group 2 was taken as a reference, the odds
ratio was 8.48 [95% confidence interval (Cl): 2.95-24.42] for
stone-related events in group 1. The odds ratio was 1.62 (95%
Cl: 1.21-2.18) for increasing stone size (Table 2).

No postoperative stone-related events were recorded in 69%
(n=121) of the whole cohort. Urinary infection, asymptomatic
stone growth, and reoperation were recorded in 10.2% (n=18),
6.8% (n=12), and 6.2% (n=11) of the patients, respectively.

Postoperative shock wave lithotripsy (SWL) was determined in 9
patients; renal colic in 4, and 1 was admitted to the emergency
room due to unrelieved colic symptoms.

Renal colic (5.9% vs. 1%), urinary tract infection (16% vs. 8%),
emergency room admission (2% vs. 0), SWL (15.69% vs. 0.8%),
and reoperation (13.8% vs. 3%) rates were significantly higher
in group 1, whereas asymptomatic stone growth (4% vs. 8%)
was higher in group 2 (Table 1). Initial stone sizes were larger
than 20 mm in patients who had reoperations in group 2.

Discussion

Surgical management of kidney stones mainly relies on the
stone sizes and locations. Percutaneous nephrolithotomy (PCNL)
is the standard procedure for kidney stones larger than 2 cm,
and SWL or RIRS is recommended for those smaller than 2 cm
(1,2). However, RIRS obtains a much more common use than is
approved in current urology practice (15,16) because “flexible
URS is less invasive than PCNL but often with higher stone-free
rates than SWL" (17).

The current study performs a second-look flexible URS following
the RIRS in patients with a Double-J stent in place, thereby
increasing stone-free rates and reducing the probability of
stone-related events.

The most desirable conditions following a successful RIRS
procedure are a complete flush-out of all stone fragments and

Table 2. Univariable and multivariable regression analyses of stone-related events

Univariable Multivariable

0Odds ratio (95% Cl) p-value 0Odds ratio (95% Cl) p-value
Type of intervention
Second-look URS 1 Reference - 1 Reference -
RIRS only 10.78 (4.71-24.65) <0.001 8.48 (2.95-24.42) <0.001
Operative difficulty
Easy 1 Reference 1 Reference -
Moderate 0.26 (0.09-0.77) 0.016 0.67 (0.16-2.77) 0.582
Hard 0.25 (0.11-0.58) 0.001 0.78 (0.24-2.52) 0.68
Stone size, mm 1.44 (1.19-1.75) <0.001 1.62 (1.21-2.18) 0.001
Body mass index, (kg/m?) 0.88 (0.79-0.98) 0.021 0.82 (0.72-0.95) 0.006
Residual stone in radiologic control
Stone free 1 Reference - 1 Reference -
Residual stone >3 mm 1.74 (0.80-3.81) 0.163 1.35(0.43-4.2) 0.604
Stone density categories, (HU)
<500 1 Reference - 1 Reference -
500-999 0.48 (0.15-1.57) 0.223 0.46 (0.09-2.31) 0.349
1000-1500 0.35(0.11-1.15) 0.083 0.64 (0.13-3.09) 0.576
>1500 0.13 (0.02-0.77) 0.025 0.35 (0.04-2.95) 0.332
Cl: Confidence interval, HU: Hounsfield unit, URS: Ureterorenoscopy
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the absence of stone-related events (18). Great treatment results
have been reported following RIRS. The CROES study revealed
high stone-free rates (85.6%) and low complication rates (3.5%)
(9). Giusti et al. (10) revealed that stone-free rate values were
highest (90.5%) in small stones at 1 cm but declined when the
stone size increased (1-2 cm, 2-3 c¢m, and >3 cm in diameter
with 78.8%, 70.5%, and 55% respectively).

Additionally, studies revealed different stone-free rates when
focusing on subgroups. A review of seven RIRS revealed that
stone-free rates ranged from 34.8% to 59.7%, with non-
contrast CT performed postoperatively in the first 3 months.
Of these patients, 3.7% to 35% had to undergo stone surgery
again (11). Similarly, Rippel et al. (12) reported a 38% stone-free
rate in patients who underwent CT control in the postoperative
period following RIRS.

The natural history of asymptomatic kidney stones is another
controversial issue in the literature. Clinically insignificant kidney
stones may not be “insignificant,” and residual stone fragments
remain a “"thorny” issue for both patients and urologists (13).
Small and non-occlusive calyceal stones have the potential
to both grow and cause pain (19). Stone-related events are
observed in more than half of the patients with insignificant
stones, the 5-year average SRE observation rate is 51.2%, of
whom 14.3% had to go to the emergency department (20).

Hein et al. (21) have studied influential factors on stone-related
events in patients who followed for 5 years after RIRS. They
revealed that even smaller than 1-mm residual stone fragments
potentially risk the stone-related events following RIRS. They
concluded that RIRS should aim for complete stone clearance
and that all residual stone fragments should be considered
significant regardless of size. The current study improved the
stone-free rates and achieved lower stone-related events with
a second-look flexible URS. Our stone-related event rate for
the whole cohort was 31.25% (n=55/176) at a mean follow-up
of 21 months; it was higher in group 1 (56.9%) than group 2
(20.8%), a finding that supports the result of Hein et al. (21).

Stone-free status following RIRS is an independent predictor
for hospital re-admission and re-hospitalization (3). A study
reported that residual stone fragments size of <4 mm is prone
to grow (28%), thus almost 20% of these patients underwent
re-intervention. Registered re-intervention rate doubles (38%)
if the size of the fragment is >4 mm. This study recommended a
complete stone-free status to reduce re-intervention following
URS (22). Complications associated with flexible URS increased
from 7.7% in the perioperative period to 25.4% in the first 30
days postoperatively (23).

Our radiologically confirmed residual stone fragments (=1 mm)
after RIRS in group 2 was 59.2%. Remarkably, this decreased to
6.4% after the second-look flexible URS procedure (p<0.001)
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(Table 2). Patients without stone-related events significantly
increased from 43.14% in group 1 to 79.2% in group 2 (Table
1). We failed to show a significant association with residual
stone fragments in the stone-related events in the multivariable
analysis; however, we revealed a significant difference between
groups 2 and 1 (odds ratio: 8.48) (Table 2). Therefore, second-
look flexible URS is beneficial because it decreases residual
stone fragments and stone-related events.

In our clinical practice, stent removal is performed at 2 weeks
postoperative. Simultaneous intervention for single or multiple
stones that are retractable with a basket during stent removal
provides economic and work-related advantages to improve
patient satisfaction.

Like previous studies, the current study defines stone-related
events to include stone growth, urinary infection, emergency
room visit, or additional intervention (6,24). This study revealed
that 31.25% (n=55/176) of the whole cohort were observed to
have stone-related events at a mean follow-up of 21 months
although 6.8% (n=12/176) were asymptomatic.

The radiologically evaluated postoperative stone-free rate after
RIRS was 37.25% and 40.8% in groups 1 and 2. This difference
was not statistically significant. We report an immediate
intraoperative stone-free rate of 57.6% (n=72/125) for group
2; however, this proved to be 40.8% (n=51/125). The difference
may be due to unfavorable intraoperative conditions, such as
bleeding or dusting caused by low visibility. Finally, the stone-
free rate increased to 93.6% after the second-look flexible URS.
These residual stone fragments are easy to identify with the
absence of dust or bleeding.

Non-contrast CT is recommended for detecting residual stones
following RIRS (2), but patients are often at risk of exposure
to excessive radiation. The International Commission on
Radiological Protection reported thresholds for safe exposure
as 50 mSv for a single year or 20 mSv per year for 5 years (25).
The 5-year retrospective radiation exposure of patients referred
to a tertiary clinic for stone treatment was analyzed. Even
based on CT examinations alone, 26% of these patients were
exposed to >20 mSV per year and 6% to >50 mSV per year
(26). Patients who applied to the emergency department due to
acute stone-related events were exposed to an average of 29.7
mSv (interquartile range: 24.2-45.1) radiation in their 1-year
follow-up. However, 20% of them were exposed to >50 mSv
annually (27). All patients were radiologically examined with
X-ray KUB and USG during the follow-up; CT imaging was not
performed of any patient.

Various techniques and methods have been reported in the
literature to achieve a completely stone-free status and reduce
radiation exposure, including artificial intelligence algorithms.
(14). A study aimed to detect residual stone fragments with
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the "Endoluminal Control" method. All calyceal spaces are re-
controlled after lithotripsy during RIRS and a 979% success rate
has been reported compared to CT results after 4-8 weeks. They
revealed that a 2 mm residual stone fragment was missed in
only one patient. The authors claimed that CT was not required
to reduce radiation exposure when residual stone fragments
were not seen after endoscopic control (28).

Danilovic et al. (29) revealed that the stone-free rate following
RIRS was 93.0% accurate compared to CT when endoscopically
controlled. They revealed no cases of a residual stone fragment
of >2 mm in CT for patients who were evaluated as stone-free
on the endoscopic evaluation.

The term “"Second-look Flexible URS" was first used by Breda et
al. (30). They used second-look flexible URS as a final diagnostic
inspection after a single or repeated RIRS to confirm the stone-
free status and revealed that 37% (n=19/51) of the patients had
two or more RIRS procedures. Their overall stone-free rates after
the first and second RIRS were 64.7% and 92.2%, respectively.
Their stone-free rates for stones of <2 cm at first and second
RIRS were 79% and 100%, the stone-free rates for stones of
>2 cm were 52% and 85.1%, respectively. They argued that
the need for a second-look flexible URS would decrease with
experience; however, our results refute this viewpoint because
our group 2 had a significant decrease in stone-related event
rates (odds ratio: 8.48%-95%; Cl: 2.95-24.42). Therefore, we
believe that a routine second-look flexible URS at the time of
stent removal may help reduce stone-related events.

Non-randomized, retrospective design is the most important
limitation of this study. We excluded data from the first 50
patients in the study to eliminate patients treated during the
learning curve; however, we found that patients in group 1 were
operated on relatively earlier than patients in group 2, which
may be a source of bias in favor of patients in group 2 in terms
of surgical expertise.

Evaluation of postoperative stone-free rates without CT
suggests that we may have missed small stone fragments. Still,
the primary goal of the study was to determine the rate of
stone-related events after the second-look flexible URS.

Unfortunately, we were unable to conduct a cost analysis, thus
further studies may help quantify the economic implications of
using second-look flexible URS.

Conclusion

Residual stone fragments remain a challenging topic for
urologists in stone treatment. We revealed that second-look
flexible URS increased the stone-free rates and diminished
the number of stone-related events. Additionally, we argue
that performing second-look flexible URS in the early period

following RIRS in the presence or suspicion of residual stone
fragments provides better treatment results.
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