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ABSTRACT
Objective: To determine the possible factors effecting stone-free status (SFS) after single-session retrograde 
intrarenal surgery (RIRS) for renal stones.

Material and methods: We retrospectively analyzed the charts of 100 consecutive patients who underwent 
RIRS. Unilateral procedures performed for single renal stones were included in the study. The studied 
parameters included patient demographics, stone characteristics (size, volume, location and attenuation ac-
cording to Hounsfield unit [HU]), operation time, presence of preoperative double-J stent (DJS), use of 
ureteral access sheath (UAS) and SFS.

Results: The study population consisted of 100 patients where 43 of them were stone free and remaining 57 
had residual stones. The mean age of the patients was 47.2±13.4 years. The mean stone size (largest dimen-
sion), stone attenuation and stone volume were 14.8±5.8 mm, 1010±416 HU and  937±929 mm3, respectively. 
The mean operative time was 60.8±24.2 minutes. Mean stone size, volume and HU were higher in the RS 
group compared to SF group but without any statistically significant difference, 15.2±6.1 vs. 14.2±5.3 mm, 
1056±1037 mm3 vs. 780±745 mm3 and 1061±374 HU vs. 942±462 HU, respectively (p=0.490, p=0.135 and 
p=0.226). In multivariate regression analysis stone location and UAS use were found to be the significant 
predictors of SFS. Patients with lower pole stones are 2.25 times likely to have residual stones after RIRS 
compared to patient’s having stones at other localizations (p<0.001). 

Conclusion: Stone volume could be a more reliable parameter than stone size in predicting RIRS success. 
Lower pole stone location and UAS use could be considered the most significant predictors of SFS after 
single session RIRS for single renal stones.
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Introduction

Nephrolithiasis is a major health issue all 
around the world with a prevalence of 14.8% 
in Turkey.[1] The management of nephrolithia-
sis has evolved during decades with the ad-
vances in technology and refinement of surgi-
cal tools. Renal stones historically treated with 
open surgery, nowadays usually managed by 
means of minimal invasive treatment modali-
ties such as extracorporeal shock wave litho-
tripsy (ESWL), percutaneous nephrolithotripsy 
(PCNL), ureterorenoscopy (URS), retrograde 

intrarenal surgery (RIRS) and laparoscopic in-
terventions.[2]

Retrograde intrarenal surgery using a flexible 
ureteroscope and laser has gained a broad pop-
ularity in recent years with advantages of being 
effective and having lower morbidity rates.[3]

 
Several studies have been made to determine 
the factors effecting stone-free status (SFS) 
and it has been tried to establish scoring sys-
tems predicting SFS after RIRS.[4-6] However, 
there is a conflicting data in the literature and 
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the most considered factors include stone number, size, volume, 
location and hardness of the stones, anatomical features eg. in-
fundibulopelvic angle and experience of the surgeons.[7]

In the present study, we aimed to determine the possible factors 
effecting SFS after single-session RIRS for renal stones.

Material and methods

After obtaining institutional review board approval, we retro-
spectively analyzed the charts of 100 consecutive patients who 
underwent RIRS at our department between January 2014 and 
September 2017. The study was performed in accordance with 
the most recent version of the Declaration of Helsinki. Because 
of the retrospective nature of the study informed consent was not 
required. Unilateral procedures for single renal stones were in-
cluded in the study. Patients who did not have a preoperative ab-
dominal computed tomography (CT) or postoperative imaging 
were excluded from the study. Patients with anatomical abnor-
malities such as cross-renal ectopy, duplicated collecting system 
and pelvic kidney were also excluded. The studied parameters 
included patient demographics, stone characteristics [size, vol-
ume, location and hardness according to Hounsfield unit (HU)], 
operation time, presence of preoperatively inserted double-J 
stent (DJS), use of ureteral access sheath (UAS) and SFS. Stone 
volume was calculated using formula Length x Width x Height 
x π x 0.167. Stone location was described in 2 subgroups: lower 
pole and non-lower pole. Patients were divided into two groups 
according to their SFS as stone-free (Group 1), and residual 
stone (RS) (Group 2) groups. The two groups were compared 
according to aforementioned variables.

Surgical procedure 
All procedures were performed under general anesthesia using a 
7.5 and 7.8 French (Flex-X2TM, Karl Storz, Germany and Semi-
Flex ScopeTM, MaxiFlex, USA) flexible ureteroscopes. Patients 
were placed on table in lithotomy position and draped. Fluoro-
scopic guidance of a mobile multidirectional C-arm fluoroscopy 
was used in all procedures. A 0.035 or 0.038-inch guidewire was 
inserted into renal pelvis through ureter via a rigid ureteroscope. 
Then a 12F UAS was passed over the guidewire up to the ure-
teropelvic junction (UPJ) under the guidance of C-arm scope. 
If it was not possible to insert a UAS, a 4.8F or 6F DJS was 
inserted into the ureter and the procedure was postponed for 3-4 
weeks. According to the surgeon’s preference some procedures 
were performed without UAS. A 270-micron holmium YAG la-
ser was used to fragment the stone. Basket extraction of frag-
ments was not used routinely and fragments left for spontaneous 
passage through the ureter. The decision of placing a DJS was 
made based on surgeon’s preference related to procedure char-
acteristics such as stone volume, mucosal rupture or ureteral in-
jury. SFS was defined as absence of stones or any stones smaller 

than 2 mm on radiograms within a month after the procedure. 
Direct endoscopic vision at the time of RIRS or CT was used to 
determine the SFS of non-opaque renal stones. 

Statistical analyses
Statistical analysis was performed using IBM Statistical Pack-
age for the Social Sciences Statistics for Mac v.21.0 (IBM SPSS 
Corp., Armonk, NY, USA). Quantitative values were shown 
as mean±SD for parametric data and median ± range for non-
parametric data. Qualitative values were shown as numbers and 
percentages. Normality test was performed using Shapiro-Wilk 
test. For the comparison of variables between SF and RS groups, 
Mann-Whitney U test and chi-square test were used. Multivari-
ate regression analysis was used to evaluate the most significant 
predictor of SFS. The level of statistical significance was set at 
p<0.05. 

Results

In total, 149 procedures were reviewed. The analysis included 
100 patients who met the inclusion criteria. Among 100 patients, 
43 were stone free (SF-Group 1) and the remaining 57 had re-
sidual stones (RS-Group 2). The mean age of the patients was 
47.2±13.4 years. The study population consisted of 63 males 
and 37 females. The mean stone size (largest dimension), stone 
attenuation and stone volume were 14.8±5.8 mm, 1010±416 HU 
and 937±929 mm3, respectively. The mean operative time was 
60.8±24.2 [median 60 (95% CI: (56-65.6) minutes. Preoperative 
DJS was placed in 22 patients. UAS was used in 76 procedures. 
49 stones were left and 51 were right sided. Patient, stone and 
operation features are given in Table 1.

Mean stone size, volume and HU were higher in the RS group 
compared to SF group without statistically significant intergroup 
difference, 15.2±6.1 vs. 14.2±5.3 mm, 1056±1037 mm3 vs. 
780±745 mm3 and 1061±374 HU vs. 942±462 HU, respectively 
(p=0.490, p=0.135 and p=0.226). Mean operation time was sig-
nificantly longer in RS group compared to SF group, 65±24.7 
vs. 55.2±22.7 minutes (p=0.026). The SFR in lower pole stones 
was 22.2%, which was significantly lower from the SFR (60%) 
of other locations (p<0.001).

In multivariate regression analysis stone location and UAS use 
were found to be the significant predictors of SFS. Patients having 
lower pole stones were 2.25 times likely to have residual stones 
after RIRS compared to patients having stones at other localiza-
tions (p<0.001). SF rates in operations performed using UAS 
were 1.4 times higher than those realized without UAS (p=0.018). 
Stone volume also had a considerable impact on SFS however 
statistically significant intergroup difference was not detected 
(p=0.059). Stone laterality and preoperative DJ stenting found to 
have no impact on SFS (p=0.486 and p=0.679, respectively).
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Discussion

RIRS has gained popularity in recent years and is a widely ac-
cepted and used treatment modality in renal stone disease even 
in stones larger than 2 cm regardless of stone location.[3,8] With 
the advances in technology and refinement of flexible uretero-
scope and laser fibers surgeons try to manage more complicated 
and larger renal stones by RIRS with lower morbidity to the pa-
tient.[3]

The main goal in performing stone surgery is to achieve a SFS. 
However, the reported SF rates (SFR) of RIRS in the literature 
varies between 54%-96% for renal stones smaller than 2 cm after 
one session and 86%-92% for renal stones larger than 2 cm af-
ter 1 to 4 sessions of RIRS.[4] In a study reporting single session 
RIRS outcomes in bilateral renal stones up to 15 mm, the SFR 
was 86.8%.[9] This wide range emerges as a result of using differ-
ent modalities (such as endoscopy, ultrasonography [US], plain 
radiograph or CT) at different times after procedure to determine 
SFS.[4] The definition of ‘stone-free’ also varies between studies. 
Studies utilizing modalities such as US or kidney-ureter-bladder 
radiography (KUB) might miss small fragments and overestimate 
the true SFR.[8] In our study, our average SFR was about 43% 
which was closer to the lower rates reported in the literature. This 
lower SFR rates might be due to reporting only single session re-
sults in our series and high mean stone volume. And also the re-
sidual stone size threshold for patients to be considered as having 
a stone free status was 2 mm in the present study which was also 
smaller than that accepted in some studies.[9]

Several studies have been conducted to determine the possible 
factors affecting SFR in RIRS, and various nomograms and 
scoring systems have been offered to predict SFR before RIRS. 
Size, volume, composition and location of the stone(s) in the 
kidney are the most studied parameters.[5,10,11] In a study, five 
independent predictors of SFS after RIRS were determined us-

ing multivariate analysis consisted of stone volume, presence of 
lower pole stone, experience of the operator, number of stones 
and the presence of hydronephrosis.[11]

Stone size and/or volume have/has been reported to significantly 
affect SFR in RIRS.[12,13] Goldberg et al.[12] reported a signifi-
cantly lower SFR (85%) in renal stones >15 mm. The mean pre-
operative time, hospital stay and complication rate were also 
higher in patients with renal stones larger than 15 mm. Thus, 
they suggested a stone size threshold of 15 mm to achieve higher 
SFR. However, in a systematic review RIRS has been found to 
be effective in renal stones larger than 2.5 cm and it has been 
suggested as an alternative to PCNL in selected patients. In 
that study, the overall SFR was 89.3% with an average of 1.6 
procedures performed for each patient and the mean stone size 
was 2.9 cm.[3] In the present study, stone volume was higher in 
patients with RS compared to SF patients and this difference 
was close to the level of statistical significance. Somehow any 
statistical significance was not observed related to the impact of 
stone volume on SFS in regression analysis which might be due 
to small number of patients in our study.

Location of the stone in renal collecting system is another ex-
tensively studied parameter effective on RIRS success.[14-17] In 
a study by Jacquemet et al.[14] stone size larger than 10 mm and 
multiple stone locations were found to be associated with RIRS 
failure. Moreover, they reported that location of stone in the low-
er pole had no impact on SFR. In concordance with Jacquemet et 
al.[14], Martin et al.[15] suggested that location stone in the lower 
pole had no impact on SFR. In that study, the SFR for lower 
pole stones was 74.1%, which was not different from the SFR 
(78%) of other locations (p=0.224). They concluded that loca-
tion of stone in the lower pole might have an impact on SFR 
in case of presence of multiple stones and a history of PCNL. 
Similar to these studies Perlmutter et al.[17] showed that stone lo-
cation does not affect SFR in RIRS. They suggested RIRS as a 
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Table 1. Comparison of stone-free and residual stone groups
Groups		  Stone-Free (n=43)	 Residual Stone (n=57)	 p

Mean stone size (mm)		  14.2±5.3	 15.2±6.1	 0.490

Mean stone volume (mm3)		  780±745	 1056±1037	 0.135

Mean stone attenuation (HU)		  942±462	 1061±374	 0.226

Side	 Right	 25 (49%)	 26 (51%)	 0.150

	 Left	 18 (36.7%)	 31 (63.3%)	

Mean operation time		  55.2±22.7	 65±24.7	 0.026

Lower pole stone 		  10 (22.2 %)	 35 (77.8%)	 <0.001

Presence of preoperative DJS		  9 (40.9%)	 13 (59.1%)	 0.501

Use of UAS		  35 (46.1%)	 41 (53.9%)	 0.195

HU: Hounsfield Unit; DJS: Double J stent; UAS: Ureteral access sheath



safe and effective choice for lower pole stones up to 2 cm with 
a success rate greater than 90%. In contrast with the aforemen-
tioned studies, some authors suggested lower pole stone location 
as a significant predictor of SFR before RIRS.[13,18] In a study by 
Lim et al.[18] SFR of RIRS in stones only in the lower pole was 
73.3% which was lower than SFR of stones in upper pole, mid-
pole or renal pelvis (94.4%). Similarly, Ito et al.[13] has found the 
presence of lower pole stone to be a predictive factor for SFS at 
RIRS. In a systematic review comparing the efficacy of RIRS, 
PCNL and ESWL in lower pole stones the SFR of RIRS was 
91.7% in renal stones ≤20 mm.[19] In the present study, location of 
stone in the lower pole was a significant predictor of SFS for sin-
gle renal stones after single session RIRS. Thus, patients with a 
lower pole stone who desire to be SF after a single operation may 
be directed to alternative treatment modalities such as PCNL.

Stone attenuation measured as HU on non-contrast CT, is an-
other parameter thought to affect SFR. In a study, while number 
of stones, presence of lower pole calculi, stone volume and di-
ameter were significantly different between SF and non-SF pa-
tients; stone attenuation was not found to be a predictor of SFS.
[20] In our study, stone attenuation was found to have no impact 
on SFS.

The use of a UAS, presence of preoperative DJS and use of ure-
teral stone basket for active removal of stones were also con-
sidered to affect SFR.[21-24] However, it is difficult to come to a 
conclusion because of the various types of studies, patient and 
stone heterogeneity. In the present study, we observed the posi-
tive impact of use of UAS on SFS. 

In conclusion, retrograde intrarenal surgery using flexible ure-
teroscope and laser fiber is a feasible treatment of choice for 
renal stones. Stone volume could be a more reliable parameter 
than stone size. Location of the stone in the lower pole stone 
could be considered the most significant predictor of SFS after 
single session RIRS for single renal stones. UAS use may help 
achieving SFS.
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