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Abstract
Purpose To identify the risk factors for perioperative complications to prevent perioperative complications after complete 
ipsilateral upper urinary stone removal using flexible ureterorenoscopy.
Materials and methods We retrospectively examined 111 patients who underwent flexible ureterorenoscopy for ipsilateral 
renal stones with a diameter ≥ 5 mm at the same time as ureterorenoscopy for ureteric stones. The flexible ureterorenoscopy 
procedures were performed following the fragmentation technique. Patients who experienced (complication group) and did 
not experience (non-complication group) perioperative complications were compared. The complication group included 33 
patients with Clavien–Dindo classification scores of I, II, III, or IV and/or those with a body temperature of > 37.5 ℃ during 
hospitalization.
Results The overall stone volume, stone-free rate and procedure duration were 1.71 mL, 96.4% and 77 min, respectively. 
The rate of perioperative complications was 29.7% (grade 1, 2 and 3 was 23.4%, 5.4% and 0.9%, respectively). Severe 
complications (Clavien–Dindo grade 4) were not observed. Multivariable analysis revealed that ureteral stone volume and 
female patients were independent predictors of perioperative complications after flexible ureterorenoscopy (p = 0.015 and 
0.017, respectively).
Conclusions This study showed that ureteral stone volume and female gender have the possibility to increase perioperative 
complications. These preliminary data help to select for patients who are at low risk of complications. Therefore, in these 
selected patients, complete ipsilateral upper urinary tract stone removal using flexible ureterorenoscopy may reduce the 
recurrence of urolithiasis without increasing perioperative complications.
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Abbreviations
fURS  Flexible ureterorenoscopy
MET  Medical expulsive therapy
NCCT   Non-contrast computed tomography

PCNL  Percutaneous nephrolithotomy
PS  Performance status
SFR  Stone-free rate
SWL  Shock wave lithotripsy
URS  Ureterorenoscopy

Introduction

The prevalence of upper urinary tract stones is gradually 
increasing each year. Surgical procedures, such as extra-
corporeal shock wave lithotripsy (SWL), ureterorenoscopy 
(URS), and percutaneous nephrolithotomy (PCNL), are per-
formed when medical expulsive therapy (MET) is not indi-
cated or effective. URS has a higher lithotripsy effect than 
SWL and can avoid surgical complications, such as bleeding 
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requiring blood transfusion and other organ damage due to 
percutaneous trans-renal puncture. Furthermore, advance-
ments in surgical instruments and techniques have enhanced 
the efficacy and safety of URS [1–8], endorsing its utiliza-
tion in the treatment of upper urinary tract stones [9, 10]. 
Attempts have also been made to broaden the indications of 
URS for various conditions, including large renal stones and 
bilateral upper urinary tract stones [10–12].This study aimed 
to investigate the safety of a single flexible URS (fURS) for 
the treatment of ipsilateral ureteral and renal stones. Con-
sidering that renal stones with diameter > 5 mm are likely 
to require therapeutic intervention [13–16], simultaneous 
removal of ipsilateral renal stones with diameter > 5 mm 
during fURS for ureteric stones is hypothesized to reduce the 
need for future surgical interventions. However, a decrease 
in ureteral stone-free rate (SFR) or an increase in compli-
cation rate with fURS is undesirable. Therefore, we con-
ducted a retrospective evaluation of SFR and complications 
in patients undergoing complete ipsilateral upper urinary 
stone removal. We also identified the predictive factors of 
perioperative complications.

Materials and methods

Patient data

We retrospectively reviewed the records from 1238 patients 
who underwent URS for upper urinary tract stones between 
April 2016 and August 2019 at a single institution. At our 
facility, following URS for ureteric stones, the renal pelvis 
and calyxes were observed using a flexible ureteroscope, 
and renal stones (R2 or R3) were removed if identified. 
This study specifically focus on patients who underwent 
fURS for ipsilateral renal stones with diameter ≥ 5 mm at 
the same time as URS for ureteric stones. A total of 111 
patients were divided into two groups: those with periopera-
tive complications (complication group) and those without 
complications (non-complication group), and were subjected 
to a comparative analysis. The complication group included 
patients whose Clavien-Dindo classification score was I, II, 
III, or IV (Table 1) and/or those whose body temperature 
during hospitalization was > 37.5 ℃. Informed consent was 
obtained from all participants included in the study.

Surgical technique

The surgical procedures were performed as described pre-
viously [6, 17]. Briefly, the upper urinary tract was viewed 
using a 6/7.5-Fr semirigid ureteroscope (Wolf™; Richard 
Wolf GmBH, Knittlingen, Germany) to ascertain the loca-
tion of the ureteric stones and assess the lumen of the ureter. 
In the case of stones in the upper ureter (U1) and middle 

ureter (U2), a ureteric access sheath was placed close to the 
stones. Stones in lower ureter (U3) were treated without a 
ureteric access sheath. Lithotripsy of ureteric stones follow-
ing the fragmentation technique was performed using a 6-Fr 
flexible ureteroscope (Olympus P-5TM, P-6TM; Olympus, 
Tokyo, Japan) with a 200-μm holmium:yttrium–aluminum-
garnet laser. 1.5-Fr tipless nitinol stone baskets were used for 
stone removal and clearance of the residual fragments. After 
the removal of ureteric stones, the ureteral lumen on the 
renal side and renal stones were observed using a 6-Fr flex-
ible ureteroscope. A ureteric access sheath was then inserted 
to the renal pelvis: when the surgeon felt resistance during 
insertion, the access sheath was inserted as close as possible 
to the renal pelvis. fURS for renal stones was performed 
as described above. A ureteral access sheath was used in 
all cases (mainly 11/13 Fr [Boston Scientific, Natick, MA, 
USA]). The cases using a 9.5 Fr access sheath were defined 
as a narrow ureter.

After fURS, injury to the upper urinary tract was evalu-
ated using retrograde pyelography and observation of the 
lumen through endoscopy. In patients with a low risk of peri-
operative complications, post-stenting was not performed. A 
conventional ureteric stent was usually removed 3–4 weeks 
after surgery. Prophylactic antibiotics were administered at 
the beginning of surgery.

Preoperative and postoperative evaluation

The preoperative parameters included age, gender, height, 
body weight, body mass index, side of involvement (right or 
left), the number of stones, the location of the ureteric stone 
(U1, U2, U3, multi), sum of the stone volume (mL), the 
renal stone volume (mL), the ureteric stone volume (mL), 
the Hounsfield unit of the stone, history of urinary tract 
infection(UTI), history of SWL pretreatment, preoperative 
stenting, and narrow ureter. Additionally, the long and short 
diameters of the largest ureteral and renal stones are also 
detailed. The side of involvement and the number of stones 

Table 1  Classification and incidence rate of perioperative complica-
tions

The complication rate refers to the percentage of the 111 analyzed 
patients who experienced perioperative complications according to 
each Clavien–Dindo classification level

Clavien–Dindo classifica-
tion

Number of patients Complica-
tion rate 
(%)

I 26 23.4
II 6 5.4
III 1 0.9
IV 0 0
Sum of complications 33 29.7
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were confirmed using preoperative non-contrast computed 
tomography (NCCT). The volume and Hounsfield unit of 
the stones were measured using 5-mm axial and 3.5-mm 
reconstructed coronal NCCT images, as reported previ-
ously [18, 19]. The postoperative evaluation consisted of 
procedure duration, the durations of hospitalization (days), 
postoperative stenting, SFR, and perioperative complications 
related to the surgery. The status of the stone was evaluated 
by performing NCCT within 2 months of surgery. SFR was 
defined as the complete absence or presence of stones with 
diameter < 3 mm on NCCT. SFR 1 was defined as stones less 
than 1 mm or no stones on CT, while SFR 0 was defined as 
stones not detectable on CT.

Statistical analyses

The continuous variables were compared using the Student’s 
t-test and are expressed as mean ± standard deviation. Non-
normally distributed continuous variables were analyzed by 
the Mann–Whitney U test. The categorical variables were 
compared using Fisher’s exact test. Statistical significance 
was set at p < 0.05; all reported p-values were two-sided. 
Multivariable logistic regression models were used to assess 
the perioperative complications. Odds ratios and 95% con-
fidence intervals were calculated. All statistical analyses 
were performed with EZR (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan), which is a graphi-
cal user interface for R (The R Foundation for Statistical 
Computing, Vienna, Austria), JMP Pro version 12.2.0 (SAS 
Institute Inc., Cary, NC, USA), as well as the R software, 
version 3.5.3 (R Foundation for Statistical Computing). EZR 
is a modified version of the R commander, designed to add 
statistical functions that are frequently used in biostatistics 
[20].

Results

Patient characteristics and surgical outcomes

The perioperative complications were evaluated using the 
Clavien-Dindo classification score (Table 1). A febrile com-
plication was defined as a body temperature of ≥ 37.5 ℃. In 
grade 1 cases, 25 febrile patients were not on antibiotic treat-
ment. One patient had a history of urinary tract injury involv-
ing the mucosa and smooth muscle but spared the adventitia. 
He was conservatively managed without a ureteric stent, and 
the post-operative CT scan showed no evidence of hydrone-
phrosis. Six febrile UTI patients received antibiotic therapy 
(Grade 2). One patient with septic shock was treated with 
antibiotics and fluid management to improve the low blood 
pressure (Grade 3). Severe complications (Grade 4) were 

not observed. Postoperative CT 1–2 months after surgery 
revealed hydronephrosis in five patients.

The characteristics of the two groups of patients are 
summarized in Table 2. Ureteric stone volume and gen-
der differences between the two groups were significant 
(p = 0.02 and 0.033, respectively). Preoperative UTI tend 
to be higher in complication groups (p = 0.065). Regarding 
surgical outcomes, the SFR between the two groups was not 
significantly different (96.2% vs. 97.0%, p = 1). No differ-
ences were found in SFR1 or SFR0 with an upper limit of 
1 mm or 0 mm for residual stones (92.3% vs 87.9%, p = 0.48 
and 87.2% vs 75.8%, p = 0.162, respectively). (Table 3). 
The procedure duration and the period of postoperative 
hospitalization in the complicated group were longer than 
those in the non-complicated group (86.48 ± 21.78 min 
vs. 73.17 ± 26.53 min, p = 0.012 and 3.52 ± 1.35 days vs. 
2.99 ± 0.34 days, p = 0.002, respectively). The rate of post-
operative stenting did not differ between the two groups 
(46.1% vs. 42.4%, p = 0.835, respectively).

Multivariable analysis of the predictors 
of perioperative complications

Four parameters with a p-value of less than or close to 0.05 
in the univariate analysis were used (gender, ureteric stone 
volume, operating time and history of UTI). A multivariable 
assessment revealed two independent predictors of perioper-
ative complications after complete ipsilateral upper urinary 
stone removal using fURS: ureteric stone volume (p = 0.015) 
and gender were (p = 0.017) (Table 4).

Discussion

Technological advancements have clarified the advantages 
of URS, leading to increased utilization. URS for large renal 
stones with a major axis of ≥ 1 cm and a single URS for bilat-
eral ureteric stones have been reported [10–12]. The recur-
rence of postoperative urolithiasis is a significant concern, 
with 21–59% of patients with residual stones requiring treat-
ment within 5 years. Renal stones with a size of size ≥ 5 mm 
are more prone to require medical intervention compared 
to smaller stones in the future [13–16]. Stones with a size 
of ≥ 2 mm are more likely to increase than smaller stones, 
but there was no increase in the need for intervention. Con-
currently removing renal stones measuring 5 mm or larger 
during URS for ureteric stones may reduce the likelihood 
of future interventions. The widespread adoption of URS 
for the simultaneous removal of ipsilateral renal and ure-
teric stones in a single surgery is anticipated. Therefore, this 
study analyzed patients who underwent simultaneous fURS 
for renal stones with diameter ≥ 5 mm following fURS for 
ureteric stones. To the best of our knowledge, this is the first 
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Table 2  Comparison of the 
patient characteristics between 
the non-complication and 
complication groups

The values are presented as mean ± standard deviation or number

Variable Non-complication group Complication group p value

Number of patients 78 33
Age (years) 60.60 ± 11.26 56.33 ± 11.87 0.099
Gender
 Female 15 13 0.033
 Male 63 20

Side
 Right 28 16 0.289
 Left 50 17
 Height (cm) 164.22 ± 8.41 164.94 ± 8.36 0.682
 Body weight (kg) 63.61 ± 10.85 66.75 ± 10.37 0.163
 Body mass index (kg/m2) 23.53 ± 3.23 24.58 ± 3.63 0.135

Number of stone(s)
 Sum of ureteric and renal stones 3.92 ± 2.14 4.19 ± 2.18 0.611
 Ureteric stone 1.12 ± 0.51 1.09 ± 0.29 0.822
 Renal stone 2.82 ± 2.14 3.03 ± 2.08 0.571

Location of ureteric stone
 U1 52 21 0.56
 U2 11 8
 U3 14 4
 Multi 1 0

Stone volume (mL)
 Sum of ureteric and renal stones 1.56 ± 0.80 1.87 ± 0.93 0.059
 Ureteric stones 0.79 ± 0.46 1.05 ± 0.66 0.048
 Renal stones 0.77 ± 0.64 0.82 ± 0.59 0.338

Largest ureteric stone diameter (mm)
 Long diameter 10.46 ± 4.22 10.94 ± 3.98 0.295
 Short diameter 6.38 ± 2.03 6.82 ± 2.21 0.364

Largest renal stone diameter (mm)
 Long diameter 8.50 ± 3.74 8.09 ± 3.24 0.85
 Short diameter 5.92 ± 2.50 6.00 ± 2.36 0.844
 Hounsfield units 997 ± 274 983 ± 257 0.804
 History of urinary tract infection (yes/no) 17/61 13/20 0.065
 History of pretreatment (yes/no) 8/70 4/29 0.748
 Preoperative stenting (yes/no) 69/9 28/5 0.755
 Preoperative hydronephrosis (yes/no) 54/23 21/8 0.999
 Narrow ureter (yes/no) 5/72 1/32 0.666

Table 3  Comparison of surgical 
outcomes between the non-
complication and complication 
groups

The values are presented as mean ± standard deviation or as percentage

Surgical outcome Non-complication group Complication group p value

Operative Time (min) 73.17 ± 26.53 86.48 ± 21.78 0.012
Period of postoperative hospitaliza-

tion (day)
2.99 ± 0.34 3.52 ± 1.35 0.037

Postoperative stenting (yes/no) 36/42 14/19 0.835
Stone-free rate (%)
 SFR0 87.2 75.8 0.162
 SFR1 92.3 87.9 0.48
 SFR 96.2 97 1
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report to demonstrate the efficacy and safety of complete 
ipsilateral upper urinary tract stone removal using fURS.

Ureteral stone volume and female gender were identi-
fied as predictive factors for perioperative complications 
after complete ipsilateral upper urinary tract stone removal 
using fURS. There were no differences in terms of age and 
the Hounsfield unit of the stone. Stone volumes including 
renal or total stone volume did not influenced perioperative 
complications. The volume of renal stones did not seem to 
increase perioperative complications, as endoscopic com-
bined intrarenal surgery or PCNL was performed on patients 
with ureteral and large renal stones. Because we selected 
only one stone as a representative candidate for stone size, 
the major and minor diameters of the largest ureteral and 
renal stones could not accurately reflect stone volume, and 
no significant differences were observed.

In general, a higher performance status (PS) often cor-
relates with an increased incidence of perioperative compli-
cations. Our study could not ascertain the impact of PS on 
complications since nearly all patients, with the exception of 
one, had a PS of 0. The effect of the location of the ureteric 
stones on perioperative complications might not have been 
fully verified because only a small number of patients had 
ureteric stones in each location, including U1, U2, U3, and 
multi-contained. In addition, a different surgical method in 
which ureteric stones were fragmented and pushed up or 
removed from the ureter was included. It could not be ruled 
out that these variations in surgical approaches might have 
contributed to an inconsistent evaluation. The stone volume 
was used to precisely evaluate the influence of the stone size 
instead of stone diameter, stone burden, and gross stone area. 
The presence of a narrow ureter did not emerge as a signifi-
cant predictor of perioperative complications. However, the 
limited number of patients with a narrow ureter included in 
the study could impact the statistical analysis.

While the addition of fURS for ipsilateral renal stones of 
size > 5 mm after fURS for ureteric stones might potentially 
elevate perioperative complications, the incidence of perio-
perative complications with grade ≥ 2 was found to be 6.3%. 
This rate is similar to those of previous studies [22, 23]. 
Only one patient having complications with grade ≥ 3 had 
septic shock (0.9%). The overall SFR reached 96.4%, a result 
consistent with previous reports. Even in the case of SFR1 

which recognizes only residual stones of less than 1 mm, the 
rate was 90.9%, and for SFR0, which recognizes no residual 
stones at all, the rate was 83.8%. It’s worth highlighting that 
the majority of residual stones were situated in the kidney 
rather than the ureter. While a direct comparison with fURS 
for ureteric stones or renal stones has not been conducted, 
it appears that there may not be a significant difference in 
terms of efficacy and safety. The operation time prolonged 
due to more surgical steps during URS for ureteric and 
renal stones; however, this extension did not contribute to 
an increase in complications. By establishing the criteria for 
safely performing complete ipsilateral upper urinary tract 
stone removal, we have provide an index for conducting 
more detailed studies to evaluate the safety of this procedure. 
As stone fragments of size > 2 mm are more likely to enlarge 
[24], planning for complete ipsilateral upper urinary tract 
stone removal, regardless of the size of renal stones, using 
URS should be considered in future procedures.

This study has several limitations. Pyuria, urine culture, 
and diabetes were not included due to a high proportion of 
missing medical records; therefore, further research includ-
ing these factors should be conducted to confirm the result 
that preoperative UTI was not a risk factor of periopera-
tive complications after ipsilateral upper urinary tract stone 
removal. Complete ipsilateral upper urinary tract stone 
removal may potentially increase the risk of urinary tract 
injury. Only one case was managed conservatively with-
out postoperative ureteral stent placemen (0.9%). Further 
investigation is needed to assess whether this URS proce-
dure increases the risk of ureteral injury in a larger patient 
population. Late complications, such as ureteric stricture, 
were not evaluated due to the challenges in the long-term 
follow-up. To minimize the risk of urinary injury and ure-
teric stricture, the careful selection of the ureteric access 
sheath is crucial. In this study, a high SFR of fURS for ure-
teric stones with simultaneous removal of renal stones with 
a diameter of ≥ 5 mm was shown; however, it did not estab-
lish whether this procedure reduced the long-term recur-
rence rate. Therefore, further research is needed to assess 
the impact of ipsilateral upper urinary tract stone removal 
by fURS on the recurrence rate. It would be beneficial to 
incorporate parameters such as hypercholesterolemia, estro-
gen and menopause.

Conclusions

We identified ureteral stone volume and gender as a predic-
tive factor of perioperative complications in patients under-
going ipsilateral upper urinary tract stone removal using 
fURS. Preoperative UTI also showed a tendency to be a 
risk factor for complications. Consequently, patients with-
out these characteristics may undergo simultaneous removal 

Table 4  Multivariable logistic regression analysis of perioperative 
complications

Variable Odds ratio 95% Confidence 
interval

p value

Gender
Female/male 3.07 1.21–7.80 0.018
Ureteral stone volume 2.75 1.23–6.14 0.013
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of ipsilateral ureteric and renal stones by fURS without an 
increased risk of perioperative complications.
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