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Complication rates were determined to be significantly 
affected by stone size (p = 0.026), multiplicity (p = 0.028) 
and the presence of congenital renal abnormality (p < 0.01). 
The only significant factor in multivariate analysis was the 
presence of congenital renal abnormalities (p = 0.02).
Conclusions  The results of the current study indicated 
that stone size, stone number and the presence of congeni-
tal renal abnormalities were factors affecting complication 
rates after FURSL, although congenital renal abnormal-
ity was the only independent predictor among these risk 
factors.
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Abbreviations
FURSL	� Flexible ureterorenoscopy and laser lithotripsy
SWL	� Shock wave lithotripsy
PNL	� Percutaneous nephrolithotomy
URS	� Ureteroscopic stone removal
CIRFs	� Clinically insignificant urolithiasis
BMI	� Body mass index
ASA	� American Society of Anesthesiologists
UTI	� Urinary tract infection

Introduction

In the last quarter of the twentieth century, treatment options 
for upper urinary tract stones shifted from open to mini-
mally invasive techniques. Developments in technology 
and in minimally invasive treatment modalities have ena-
bled a stone-free status to be achieved more rapidly, with 
greater patient comfort. The miniaturization of endoscopic 
devices, the increased quality of optic systems, the advent of 

Abstract 
Purpose  To evaluate the factors affecting complica-
tion rates of flexible ureteroscopy and laser lithotripsy 
(FURSL).
Materials and methods  Data on a total of 1395 patients, 
with 1411 renal units underwent 1571 procedures with 
FURSL for renal and/or proximal ureteral stones between 
April 2012 and January 2016, were retrospectively ana-
lyzed. Complications were assessed using the Satava and 
modified Clavien systems. Univariate and multivariate 
analyses were done to determine predictive factors affect-
ing complication rates.
Results  The mean patient age in the total procedures was 
45.68  ±  14.00  years (range 2–86  years), and the mean 
stone size was 15.15 ±  8.32  mm (range 5–75  mm). The 
overall success rate was 95.6  %. A total of 209 (13.3  %) 
cases suffered from complications with intraoperative com-
plications rates of 5.9  % and postoperative complication 
rates of 7.3 %. Univariate analysis revealed no significant 
difference in complication rates in respect of age, gender, 
body mass index, use of ureteral access sheath, opera-
tion time, bleeding disorder, solitary kidney, preoperative 
stenting, American Society of Anesthesiologists score, 
repeated procedure or location of stones (all p value >0.05). 
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holmium laser use and increased experience in endoscopic 
surgery have all played an important role in this change [1].

In recent years worldwide, flexible ureteroscopy and 
laser lithotripsy (FURSL) has gradually become a very 
impressive treatment option for the majority of upper uri-
nary tract stones. FURSL is currently approved as an effec-
tive and minimally invasive procedure, achieving higher 
stone-free rates than extracorporeal shock wave lithotripsy 
(SWL) and lower morbidity than percutaneous nephroli-
thotomy (PNL), and therefore, the use of FURSL has been 
increasing continuously independent of stone size and 
position [2]. Moreover, a number of recent studies have 
reported that FURSL provides a higher stone-free rate with 
low morbidity, shorter hospital stay, better patient com-
fort, a faster return to daily activities in larger calculi and 
in some urology departments it is used as the first-choice 
treatment in renal stones requiring active treatment [3–5].

However, minimally invasive a treatment option uretero-
scopic stone removal (URS) may be, and complication rates of 
9–25 % have been reported in literature [6–8]. Although semi-
rigid URS complications have been reported in several large 
retrospective series [6, 7], there have been few prospective stud-
ies of the outcomes and complications of both semirigid and 
FURSL [9] and only one study [10] (on a limited number of 
patients) that focused on FURSL complications only. In addi-
tion, most of these reported studies have been multi-institutional 
and multisurgeon applications with no standardized complica-
tion classification methods. Some have reported these complica-
tions in chronological order (intraoperative and postoperative), 
while others have recorded them by severity (minor and major). 
In the present study, the FURSL experience (in proximal ure-
teral and renal stones) in our clinic is presented primarily focus-
ing on factors affecting complication rates in a single-center 
large patient population, using the validated classification sys-
tem of Satava [11] and the modified Clavien system [12].

Materials and methods

Patients

Approval for the study was granted by the Local Eth-
ics Committee of Dıskapı Yıldırım Beyazıt Training and 
Research Hospital (decision no. 29/21). A total of 1395 
patients in our clinical department, with 1411 renal units, 
underwent 1571 procedures with flexible ureterorenos-
copy and laser lithotripsy for renal and/or proximal ure-
teral stones between April 2012 and January 2016. This 
study was conducted in a single center with multisurgeons 
including experienced urologists and those in training. 
Data were collected retrospectively from the hospital medi-
cal databases. All patients were evaluated according to the 
following criteria: medical history, physical examination, 

complete blood count, plasma urea and creatinine values, 
coagulation profiles, urinalysis and urine cultures, and 
imaging methods (plain radiograph, ultrasonography, intra-
venous urography and/or computed tomography). A preop-
erative negative urine culture was required before surgery, 
so any positive urine cultures were treated with the appro-
priate antibiotics. Antibiotic prophylaxis was routinely 
given in all cases. Stone size was recorded as the maximum 
length of the stone. In cases of multiple calculi, stone size 
was defined as the sum of the longest axis of each stone.

Data on baseline characteristics, intraoperative details and 
postoperative outcomes were evaluated, and analysis was 
focused on complications (either intraoperative or postopera-
tive). Intraoperative complications were assessed using the Sat-
ava classification system [11], and postoperative complications 
were graded according to the modified Clavien system [12]. 
Patients undergoing diagnostic ureteroscopy, therapeutic pro-
cedures other than urinary stones and ureteroscopic procedures 
using a semirigid device only were excluded from the study.

Surgical technique

All procedures were performed under general anesthesia using 
the technique previously described by the authors [13]. Rigid 
ureteroscopy was routinely performed before flexible ureter-
oscopy for the optical dilatation. The use of ureteral access 
sheaths (9.5/11.5 F or 11/13 F) depended on the surgeon’s 
preference according to patient and stone characteristics. If 
the rigid/flexible ureteroscope could not be advanced eas-
ily, a JJ stent was placed for approximately 1–2 weeks before 
repeating the procedure. Active ureteral orifice dilation was 
not applied to any patient. Standard retrograde FURSL was 
applied with a 7.5 F flexible ureteroscope (Karl Storz, Flex 
X2, GmbH, Tuttlingen, Germany). Stone fragmentation was 
achieved using a holmium laser (Dornier MedTech GmbH, 
Medilas H20 or H30, Wessling, Germany) with 200- or 365-
μm laser fibers. During the period of the study, 16 flexible ure-
teroscopes and 64 laser fibers were used. Any JJ stent placed 
at the end of the procedure based on the surgeon’s discretion 
was removed approximately 7–21 days postoperatively.

Follow‑up

Patients were assessed with plain radiography and/or ultra-
sound or computed tomography abdominal scan. Asympto-
matic stones <3 mm in size were considered to be clinically 
insignificant urolithiasis (CIRFs). Patients who were stone-
free 1 month postoperatively were evaluated as successful.

Statistical analysis

Analysis of the study data was applied using SPSS 16.0 
package program. All data were descriptive based on 
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frequencies and calculated based on the total procedures. 
Factors possibly affecting complications were analyzed 
with the Chi-square test and the independent samples t test. 
Parameters that were statistically significant on univariate 
analysis were evaluated by multivariate logistic regression 
analysis. A value of p < 0.05 was accepted as statistically 
significant.

Results

Patient and stone characteristics

A total of 1395 patients with 1411 renal units under-
went 1571 procedures. A single procedure was applied 
to 1284 (91  %) renal units, 2 sessions were indicated in 
94 (6.7  %), and 3 sessions were indicated in 33 (2.3  %). 
The male/female ratio in the total procedures was 1023 
(65.12  %)/548 (34.88  %), the mean patient age was 
45.68  ±  14.00  years (range 2–86  years), and the mean 
stone size was 15.15 ± 8.32 mm (range 5–75 mm). From 
the total 1571 procedures, 1167 (74.29 %) had only renal 
stones, 329 (20.94  %) had only ureteral stones, and 75 
(4.77  %) had both types of stone. The most frequent pri-
mary location of the stones was in the lower calix (26.0 %), 
followed by the proximal ureter (20.9 %), pelvis (19.2 %), 
multicaliceal (11.7 %), middle calix (11.2 %), upper calix 
(6.0 %) and both kidney and ureter (4.77 %). The incidence 
of congenital renal abnormality was low at 2.9 %. Surgery 
was applied to five patients during antiplatelet therapy, 
and bleeding diathesis was determined in six patients. The 
baseline demographics, stone characteristics and clinical 
details of the patients are presented in Table 1.

Operative findings

The mean operating time was 45.86 ±  16.46  min (range 
10–150  min), and the mean fluoroscopy screening time 
was 41.62 ± 49.65 s (range 0–480 s). A JJ stent was placed 
preoperatively in 152 (9.6  %) cases, and ureteral access 
sheaths were used in 1255 (79.8 %) cases. In the majority 
of cases (80.9 %), a JJ stent was inserted at the end of the 
procedure. The mean hospital stay was 1.05 ±  0.48  days 
(range 1–14  days). The overall success rate was 95.6, 
86.4  % of cases were stone-free, and 9.2  % had CIRFs. 
Perioperative and postoperative outcomes are summarized 
in Table 2.

Complications

A total of 209 (13.3 %) cases suffered from complications 
in 1571 procedures (Table  3). The overall incidence of 
intraoperative complications was 5.9 %. The most common 

Table 1   Demographics data and stone characteristics

Characteristic

Age (mean ± SD) (years) (range), n (%) 45.68 ± 14.00 (2–86)

 ≤18 24 (1.52)

 19–64 1395 (88.8)

 ≥65 152 (9.68)

Gender, n (%)

 Male 1023 (65.12)

 Female 548 (34.88)

BMI (mean ± SD) (kg/m2) (range), n (%) 25.87 ± 3.70 (7.1–50.8)

 <18.5 15 (0.95)

 18.5–24.9 653 (41.57)

 25.0–29.9 719 (45.77)

 30.0–34.9 147 (9.36)

 35.0–39.9 30 (1.91)

 ≥40 7 (0.45)

Solitary kidney, n (%) 17 (1.08)

Renal congenital abnormality, n (%) 47 (2.99)

 Bifid pelvis 1 (0.06)

 Complete ureteral duplication 9 (0.57)

 Calyceal diverticula 18 (1.15)

 Horseshoe 15 (0.95)

 Pelvic ectopia 2 (0.13)

 Malrotation 2 (0.13)

Stone laterality, n (%)

 Right 787 (50.1)

 Left 768 (48.89)

 Bilateral 16 (1.02)

Number of stones (mean ± SD) (range), 
n (%)

1.47 ± 0.82 (1–9)

 Single 1042 (66.33)

 Multiple 529 (33.67)

Stone size (mean ± SD) (mm) (range), n 
(%)

15.15 ± 8.32 (5–75)

 ≤10 653 (41.57)

 11–20 668 (42.52)

 >20 250 (15.91)

Stone location, n (%)

 Renal pelvis 302 (19.22)

 Lower calix 409 (26.03)

 Middle calix 177 (11.27)

 Upper calix 95 (6.05)

 Multicaliceal 184 (11.71)

 Proximal ureteral 329 (20.94)

 Kidney + ureteral 75 (4.77)

ASA score, n (%)

 I 501 (31.89)

 II 948 (60.34)

 III 122 (7.77)

Anticoagulation, n (%) 5 (0.32)

Bleeding diathesis, n (%) 6 (0.38)
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complications were bleeding (2.5  %) and mucosal injury 
(2.3  %). Severe bleeding occured in nine (0.5  %) cases, 
necessitating a secondary ureteroscopy because of the 

premature termination of the procedure. Perforation (which 
required JJ stent insertion) and malfunctioning or breakage 
of instruments were determined at a low incidence of 0.3 and 
0.1 %, respectively. According to the modified Satava clas-
sification system, there were 5 % grade I and 0.9 % grade IIb 
complications. There were no grade III complications in this 
series.

The postoperative complication rate was 7.3  %. The 
majority of complications were Clavien grade I or II (5.8 % 
of patients). Major complications developed in 25 (1.6 %) 
patients. Perirenal abscess requiring percutaneous drainage 
(one case; 0.06 %) (Clavien IIIa), stent migration (eleven 
cases; 0.7  %) (Clavien IIIb), steinstrasse (nine cases; 
0.6  %) (Clavien IIIb), sepsis (one case; 0.06  %) (Clavien 
IV) and death (one case; 0.06 %) (Clavien V) due to uro-
sepsis were the major complications. Late complications 
included ureteral stenosis (Clavien IIIb) in two cases. One 
of these cases was determined at 6 months postoperatively 
on readmission due to flank pain and detected ureteropel-
vic stenosis. This case was treated with laser ureteroscopic 
endopyelotomy. The other case was treated with open ure-
teroneocystostomy due to ureterovesical junction stenosis 
which was detected at postoperative 12 months.

Data analysis

The procedure and stone characteristics were compared 
according to the presence or absence of complications. 
Univariate analysis revealed no significant difference in 
complication rates in respect of age, gender, body mass 

SD standard deviation, BMI body mass index, ASA American Society 
of Anesthesiologists

Table 1   continued

Characteristic

Preoperative stent, n (%)

 Prestenting 152 (9.68)

 Not prestenting 1419 (90.32)

Table 2   Perioperative and postoperative data

a  Clinically insignificant residual fragments
b  Success is defined as stone-free + CIRF

Intraoperative characteristic

Operation time (mean ± SD) (min) (range) 45.86 ± 16.46 (10–150)

Fluoroscopy screening time (mean ± SD) 
(s) (range)

41.62 ± 49.65 (0–480)

Use of ureteral access sheath, (n) (%) 1255 (79.89)

Postoperative JJ placement, n (%) 1272 (80.97)

Postoperative characteristic, n (%)

Stone-free rates 1205 (86.38)

CIRFa rates 128 (9.18)

Success ratesb 1333 (95.56)

Hospitalization time (mean ± SD) (day) 
(range)

1.05 ± 0.48 (1–14)

Table 3   Complications 
according to Satava and Clavien 
classification systems

a  More than one complication feasible

No. n (%) Satava grade Clavien grade

Complications 209 (13.3)

Intraoperative complicationa 93 (5.92)

 Mucosal injury 37 (2.35) I

 Malfunctioning or breakage of instruments 2 (0.13) I

 Bleeding 40 (2.55) I

 Perforation 5 (0.32) IIb

 Severely bleeding 9 (0.57) IIb

Early postoperative complicationa 116 (7.38)

 Fever 84 (5.35) I

 Bleeding 25 (1.59) I

 Urinary tract infection 42 (2.67) II

 Perirenal abscess 1 (0.06) IIIa

 Stent migration 11 (0.70) IIIb

 Steinstrasse 9 (0.57) IIIb

 Sepsis 1 (0.06) IVb

 Death 1 (0.06) V

Late postoperative complicationa

 Ureteral stricture 2 (0.13) IIIb
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index (BMI), use of ureteral access sheath, operation time, 
bleeding disorder, solitary kidney, preoperative stent-
ing, American Society of Anesthesiologists (ASA) score, 
repeated procedure or location of stones (all p value >0.05). 
Complication rates were determined to be significantly 
affected by stone size (p = 0.026), multiplicity (p = 0.028) 
and the presence of congenital renal abnormality (p < 0.01) 
(Table  4). The only significant factor in multivariate 

analysis was the presence of congenital renal abnormalities 
(p  =  0.02). Complications with congenital abnormalities 
are summarized in Table 5.  

Discussion

The results of the current study indicated that stone size, 
stone number and the presence of congenital renal abnor-
malities were factors affecting complication rates after 
FURSL, although congenital renal abnormality was the 
only independent predictor among these risk factors. Other 
prognostic factors of patient age, gender, BMI, ASA sta-
tus, solitary kidney, operation time or location of stones 
were not determined as significant predictors of complica-
tions rates. A larger stone size (especially >30  mm) was 
observed to be associated with a higher complication rate. 
In addition, multiple procedures may be required for larger 
stones. However, the need for repeated procedures was not 
a significant predictor of complications rates. These results 
were consistent with current literature [14–17]. However, 
the URS complication rates reported in literature have gen-
erally been based on series where semirigid URS has been 
applied ureter stones [6–8]. To the best of our knowledge, 

Table 4   Parameters affecting 
complication rates on univariate 
analysis

Bold values represent significance at level 0.05

Pts with complications Pts without complications p value

Age (mean ± SD) (years) 45.22 ± 15.16 45.75 ± 13.82 0.609

Gender, male/female (n) 141/68 882/480 0.445

BMI (mean ± SD) (kg/m2) 25.51 ± 3.77 25.92 ± 3.69 0.137

Number of stones (mean ± SD) 1.61 ± 0.98 1.45 ± 0.79 0.028

Stone size (mean ± SD) (mm) 16.51 ± 9.62 14.95 ± 8.08 0.026

Operation time (mean ± SD) (min) 47.53 ± 17.55 45.61 ± 16.28 0.117

Use of ureteral access sheath, n (%) 167 (13.30) 1088 (86.70) 0.994

Renal congenital abnormality, n (%) 15 (31.91) 32 (68.09) <0.01

Presented, n (%) 25 (16.45) 127 (83.55) 0.229

Repeated procedure, n (%) 26 (16.25) 134 (83.75) 0.246

Bleeding disorder, n (%) 1 (9.09) 10 (90.91) 0.679

Solitary kidney, n (%) 2 (11.76) 15 (88.24) 0.85

ASA score, n (%)

 I 78 (15.57) 423 (84.43) 0.19

 II 116 (12.24) 832(87.76)

 III 15 (12.30) 107 (87.70)

Stone location, n (%)

 Renal pelvis 42 (13.91) 260 (86.09) 0.73

 Lower calix 47 (11.49) 362 (88.51) 0.20

 Middle calix 27 (15.25) 150 (84.75) 0.41

 Upper calix 10 (10.53) 85 (89.47) 0.41

 Multicaliceal 29 (15.76) 155 (84.24) 0.29

 Proximal ureteral 39 (11.85) 290 (88.15) 0.38

 Kidney + ureteral 15 (20.0) 60 (80.0) 0.08

Table 5   Complications rates of congenital abnormalities

a  More than one complication feasible

Total (n = 47)

Complication ratesa, n (%) 15 (31.92)

Intraoperative complication

 Mucosal injury 2 (4.26)

 Bleeding 1 (2.13)

 Perforation 1 (2.13)

Postoperative complication

 Fever 1 (2.13)

 Bleeding 5 (10.63)

 Urinary tract infection 3 (6.38)

 Stent migration 2 (4.26)
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there has been no large study focusing on the factors that 
affect complications in FURSL. Therefore, this is the first 
large single-center study on this topic.

In the current series, the overall success rate was 95.6 %, 
which is similar to published series [4, 9, 10, 17]. A total 
of 209 (13.3 %) cases suffered from complications in this 
series with intraoperative complications rates of 5.9  % 
and postoperative complication rates of 7.3 %. In a recent 
study by the Clinical Research Office of the Endourologi-
cal Society, a prospective examination was made of the 
data of 11,885 patients (1852 had only renal stones, 8676 
had only ureteral stones, and 1145 patients had both types 
of stone) to whom ureteroscopy was applied in 114 centers 
in 32 countries [9]. However, in that study, semirigid URS 
was primarily used (73.9  %), followed by flexible URS 
(15.0 %) or a combination of both techniques (10.7 %). The 
postoperative complication rate was reported as 3.5 %, and 
the majority of which were Clavien grade I or II (2.8 % of 
patients). Intraoperative complications were also reported 
separately, including bleeding (1.4 %), perforation (1.0 %), 
ureteral avulsion (0.1  %) and conversion to open surgery 
(0.1 %). The most frequent complication in that series was 
fever (1.8 %). Bleeding was reported at 0.4 %, and a blood 
transfusion was required in 0.2 % of patients. In addition, 
urinary tract infection (UTI) was observed in 116 (1  %) 
patients, sepsis in 38 (0.3 %), and mortality was reported in 
5 patients for various other reasons.

In the current series, mucosal injury (Satava grade I) 
was detected in 37 (2.3  %) patients. Ureteral perforation 
(Satava grade IIb), which was treated successfully with the 
placement of a JJ stent, was also observed in five (0.3 %) 
patients. The most common intraoperative complica-
tion observed in the current study was bleeding (2.5  %), 
although transfusion was not required. However, in nine 
(0.6  %) patients, severe bleeding (Satava grade IIb) was 
observed which impaired the intraoperative view and as the 
procedure was terminated early, a second application ses-
sion was required. The most frequently observed postop-
erative complication in the current study was fever (5.3 %) 
(Clavien grade I). UTI (Clavien grade II) was observed in 
42 (2.7 %) patients, which was similar to rates reported in 
literature.

Although the vast majority of complications were minor 
and the majority of these were observed to be successfully 
treated, major complications also developed in the current 
series. Steinstrasse was observed in nine (0.6  %) cases 
(Clavien IIIb) and one (0.06 %) patient required percutane-
ous drainage due to perirenal abscess (Clavien IIIa). Uro-
sepsis and death are the most serious complications of this 
procedure. In the current series, urosepsis was observed in 
two patients and this resulted in death in one case. Avulsion 
and strictures are rare (<1 %) following FURSL [18]. No 
ureteral avulsion was observed in any patient in the current 

study, but ureteral narrowness developed in two patients. In 
the first of these cases, ureteropelvic junction stenosis was 
determined in tests applied at 6 months postoperatively due 
to symptomatic flank pain and was treated with retrograde 
laser endopyelotomy. In the other case, ureterovesical ste-
nosis which developed 1 year postoperatively was treated 
with ureteroneocystostomy.

In the current study, postoperative JJ stent was used in 
80.9 % of cases and this result was similar to current lit-
erature [19, 20]. Routine stenting after an uncomplicated 
procedure is not mandatory, and it might be associated with 
higher postoperative morbidity (stent-related symptoms). 
Another reason for questioning routine postoperative stent-
ing is that anesthesia is required for removal, particularly 
in children. There may also sometimes be migration which 
then needs a secondary procedure. Stent migration was 
observed in 11 cases (0.7 %) in the current study. However, 
stent-related complications were not reported in this series, 
owing to the retrospective nature as a limitation.

The FURSL procedure can be safely used in difficult 
cases such as those with horseshoe kidney, pelvic kidney 
and calix diverticular stones which severely limit or pre-
vent the application of other minimally invasive treatment 
options [21–23]. Atis et  al. [21] applied FURSL to 25 
stones of 20 patients with horseshoe kidney and reported 
a total complication rate of 25 %, all of which were minor. 
In another series where FURSL was applied to 26 pelvic 
ectopic kidneys, minor postoperative complications were 
observed in 5 patients (renal colic (n = 2), persistent hema-
turia (n = 1), fever (n = 1) and UTI (n = 1)) [23]. In a mul-
ticenter FURSL series of 25 patients with calix diverticular 
stones, the complication rate was reported as 20 % [22]. In 
the current study, FURSL was applied to 47 units of con-
genital renal abnormality (bifid pelvis (n =  1), complete 
ureteral duplication (n = 9), calyceal diverticula (n = 18), 
horseshoe kidney (n = 15), pelvic ectopia (n = 2) and mal-
rotation (n = 2)). In this series, congenital renal abnormal-
ity was determined to be the only significant predictor of 
FURSL complications in multivariate logistic regression 
analysis. Similarly, Resorlu et al. [17] reported that congen-
ital renal anomaly had negative effect on FURSL results.

In patients with uncorrected bleeding diathesis, FURSL 
remains the only potential surgical treatment alternative due 
to the absolute contraindication to other minimally invasive 
treatment options. Watterson et al. [24] applied FURSL to 
the kidney stones of 25 patients with bleeding diathesis or 
who were receiving anticoagulant treatment, and it was 
reported that retroperitoneal hematoma developed at a level 
requiring transfusion in only 1 patient and no additional 
intervention was required. Turna et  al. [25] compared the 
results of FURSL applied for kidney stones to 37 patients 
who were receiving anticoagulant treatment with those of 
37 patients not receiving any anticoagulant treatment, and 
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no difference was determined between the two groups in 
respect of treatment success, and intraoperative and postop-
erative complications with hemorrhagic or thromboembolic 
events. In the current study, FURSL was applied to five 
patients receiving anticoagulant treatment and six patients 
with bleeding diathesis, and similar to the previous studies, 
no increase was observed in the complication rates. In the 
univariate analysis applied, no correlation was determined 
between complications and bleeding diathesis.

The use of ureteral access sheaths is recommended as 
it facilitates repeated ureteroscopic interventions, reduces 
trauma to a minimum, reduces costs by extending the life 
of the flexible ureterorenoscope, reduces pressure within 
the kidney and shortens operating time [26, 27]. Traxer 
and Thomas [28] applied FURSL to a series of 359 cases 
in 2 centers using ureteral access sheaths of 12/14 Fr diam-
eter with a digital ureteroscope and reported that ureteral 
wall injury developed in 167 (46.5 %) patients. While male 
gender and elderly age were determined as risk factors of 
severe ureteral wall damage, the most significant risk fac-
tor was reported to be absence of preoperative stenting and 
patients with not pre-stenting were determined to be at a 
sevenfold greater risk of ureteral wall damage. In another 
study where digital ureteroscope was used, a slight increase 
in complications was observed associated with overuse of a 
guide for ureteral access [29].

In the current study, ureteral access sheaths were used 
in 80 % of cases and not in 20 %. In contrast to the above-
mentioned studies, no relationship was determined in the 
current study between the use of ureteral access sheaths 
and complications. However, in the previous studies, all 
the procedures were applied with relatively wider diameter 
digital ureteroscopes and large diameter (12/14 Fr) ureteral 
access guides compatible with these thicker ureteroscopes. 
In addition, during the FURSL procedure, the guide wires 
were placed using cystoscopy only, ureteral dilatation was 
achieved using a semirigid ureteroscope, and it must be 
taken into consideration that potential concomitant patholo-
gies such as ureteral folds and narrowness were not evalu-
ated. On the other hand, although some studies have shown 
that the preoperative placement of a stent reduced compli-
cations [28, 30], no difference was determined in the cur-
rent study. This can be attributed to the finer instruments 
used and the above-mentioned reasons.

However, the results are dependent on the retrospective 
application, which constitutes the major limitation of the 
present study. Other limitations are unknown stone com-
position, information about the HU of the stones and the 
absence of long-term follow-up. Additionally, there is het-
erogeneity in imaging used to determine stone-free status. 
Despite the limitations, the current study was the largest 
series on this topic and these results provide useful insight 

for clinicians and patients about the complications of this 
procedure.

Conclusions

For daily endourological routine, FURSL is an effective 
and safe procedure for upper urinary tract stones treat-
ment. However, it should be noted that the complication 
rate increases with high stone burden and multiple stones. 
Additionally, a higher incidence of complication rates 
should not be overlooked in patients with congenital renal 
abnormalities.

The results of this study demonstrate that stone size, 
stone numbers and the presence of congenital renal abnor-
malities were determined as factors affecting complication 
rates after FURSL. Of these risk factors, congenital renal 
abnormality was the only independent predictor. Nonethe-
less, there is a need for further, large prospective studies to 
confirm these findings.

Author’s contribution  O Bas participated in protocol/project devel-
opment, data analysis and manuscript writing. C Tuygun performed 
the protocol/project development and data collection or management. 
O Dede contributed to protocol/project development and data analy-
sis. S Sarı, MÇ Çakıcı, U Öztürk and G Göktuğ were involved in data 
collection or management and data analysis. A İmamoğlu participated 
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