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Introduction 

Urinary system stone disease is one of the most important 
diseases that affect human health and social life. Its prevalence 
varies according to geographical regions. Stones can be 
seen in any structure along the urinary tract, but it is most 
common in the kidney. Current management of kidney stones 
includes follow-up, medical therapy, extracorporeal shock 
wave lithotripsy (ESWL), percutaneous nephrolithotomy (PNL), 

retrograde intrarenal surgery (RIRS), laparoscopy/robot and open 

surgery. At present, open surgery is required only in 1%–2% of 

the cases, and minimally invasive methods are preferred in most 

of the patients with stones, because of the new developments 

in medical technology and advances in endoscopic approaches 

(1,2).

RIRS was defined by Fuchs in the early 1990s, and following 

publications of the first experiences with RIRS, flexible 
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Abstract
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ureterorenoscopes were improved further in the last 15 years 
and used extensively with increasing success and decreasing 
complication rates (3). Along with the new developments 
in technology, flexible ureterorenoscopes are used in the 
treatment of kidney stones <2 cm, having higher mobility with 
increased deflection ability and providing higher image quality 
with fibre optic lighting, which are also smaller and relatively 
more durable. The use of holmium laser technology and nickel-
titanium alloy baskets in endourology is the most important 
factor in the development of RIRS.

In the latest stone guides, stone size measurement that guides 
the treatment procedure is evaluated in a single plane, even if 
the kidney stones have three-dimensional (3D) configuration, 
and the treatment indication is determined according to this 
single plane measurement. We are concerned on whether 
the measurement of the longest axis is adequate or whether 
calculating the surface area in a single plane may give false 
results for each parameter that can affect success in kidney 
stone treatment modalities. Thus, in this study of patients who 
underwent RIRS for stone disease, we aimed to calculate stone 
volume considering the 3D configuration in space, compare 
results with those of patient who underwent RIRS with 
preoperative measurement of maximum stone size in one plane, 
and investigate the effects of that choice on the operation 
and patient, in the light of the literature and stone guide. In 
addition, we aimed to determine a limit value in cm3 for RIRS, 
based on volume calculations, and to predict stone-free status 
based on this limit value.

Materials and Methods

This study was carried out by reviewing data of patients who 
underwent RIRS for kidney stones in the urology clinic of our 
hospital between May 2013 and September 2017. Patients with 
horseshoe kidneys and ectopic/pelvic kidneys, patients aged <18 
years, and those with missing preoperative and postoperative 
data were excluded from the study. Finally, 184 patients were 
included in the analysis.

The retrospective analysis of data was performed after obtaining 
the approval of the local ethics committee of our hospital 
(September 21, 2017; session no: 13 and decision no: 17). Verbal 
and written informed consent forms were obtained from all 
patients before the procedure.

The longest measurements in the axial, coronal and sagittal 
planes were used in calculating the stone size in computed 
tomography (CT) images. Area calculation was noted in cm2 

by multiplying the lengths in the axial and coronal planes. The 
volume calculation in cm3 was performed using an ellipsoid 
formula as recommended by the European Association of 
Urology (EAU) guideline by multiplying the lengths in the three 

aforementioned planes and 3.14*0.167 (stone volume = 3.14 × 
width × length × height × 0.167). In case of multiple stones, 
the dimensions of each stone were measured separately and 
then added. Postoperative stone-free status was evaluated by 
CT performed at the first month after RIRS. Absence of stones 
or stone fragments ≤4 mm was considered a stone-free status or 
clinically insignificant fragments, respectively (4).

General anaesthesia was administered in the supine position. 
A guidewire was placed into the target ureter, under the 
control of a C-arm fluoroscopy unit. The ureteral access sheath 
(9.5/11.5 Fr or 12/14 Fr and 35 cm or 45 cm hydrophilic-coated 
sheath) was inserted over the guidewire placed in the ureter 
to the ureteropelvic junction under fluoroscopic control. After 
entering through the ureteral access sheath with a flexible 
ureterorenoscope (Flex-X2, Karl Storz, Tuttlingen, Germany) 
with a 7.5-Fr outer diameter and upon observing the stone, 
lithotripsy was performed by Litho brand laser system, using 
272- or 365-μm holmium laser probe with a frequency of 
8-12 Hz and a power of 1.2-1.5 Joules. During the procedure, 
isotonic sodium chloride irrigation was performed to ensure 
imaging. Fluoroscopy control was initiated when the stones 
were completely fragmented. The time elapsed from insertion of 
the guidewire to the placement of the Double-J stent (DJS) was 
recognised as the operation time. DJS was placed in all patients 
after the procedure. DJSs were removed under local anaesthesia 
within 4 weeks after the surgery.

Statistical Analysis

Shapiro-Wilk test was used to test the normality of data 
distribution, and Levene’s test was performed to assess the 
homogeneity of variance. Independent samples t-test, Mann-
Whitney U test, Pearson’s chi-square test and Fisher’s exact 
test results were used in the comparison of factors that affect 
stone-free status. The cut-off values calculated for the stone 
number, stone size (cm2), stone volume (cm3) and operation 
time (min), which show significant relations with stone-free 
status, were analysed and expressed by receiver operating 
characteristic (ROC) analysis. The stone number, stone size 
(cm2), stone volume (cm3), operation time (min) and presence of 
additional interventions were analysed according to the Naive 
Bayes classification in predicting stone-free status. Quantitative 
variables were shown as mean ± standard deviation (minimum/
maximum) and median (minimum/maximum), and categorical 
variables as n (%). Variables were analysed at a 95% confidence 
level, and p-value less than 0.05 was considered significant. 
SPSS 25.0 (IBM Corp., Armonk, NY, USA) package programme 
was used in the data analysis.
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Results

A total of 184 patients were included in the study; 68 were 
female (37%) and 116 were male (63%). Stone sizes ranged from 
1 cm to 4 cm. Demographic data, stone characteristics and peri-/
postoperative data are shown in Table 1. Total renal abnormality 
was determined in 25 (13.7%) patients (renal malrotation in 
12 (6.6%) patients, solitary kidney in 10 (5.5%) and bifid renal 
pelvis in 3 (1.6%). 

The median American Society of Anesthesiologists score was 2.

As regards the distribution of stones, 85 (46.7%) patients had 
pelvic stones, 55 (30.2%) had lower calyceal stones, 10 (5.5%) 
had middle calyceal stones and 8 (4.4%) had upper calyceal 
stones, while other cases had stones distributed to multiple 
sites, including the proximal ureter.

Clinically significant residual fragments remained in 64 (34.8%) 
patients. Moreover, 49 (76.6%) patients with residual stones 
were followed up, while the remaining 15 (23.4%) underwent re-
operation [in these patients, 3 underwent ESWL and subsequent 
PNL due to failure, 3 underwent PNL alone, 3 underwent ESWL 
alone, 4 underwent RIRC and 2 underwent ureterorenoscopy 
(URS)].

No significant relationship was found between the stone-
free rate and factors that affect stone-free status, including 
age, gender, Hounsfield unit value of the stone, length of 
hospital stay, preoperative ESWL, preoperative PNL, renal 
unit abnormality, stone side, stone opacity, accompanying 
ureter stone, hydronephrosis and preoperative DJS insertion. 
However, additional intervention to postoperative residual 
stones (p<0.001), number of stone (p=0.018), stone size in cm2 

(p=0.003), stone volume in cm3 (p=0.005) and operation time 
(p=0.036) were significant parameters that affect stone-free 
status after RIRS (Table 2).

The threshold values determined as a result of the ROC analysis 
of the significant parameters that affect the stone-free status 
were as follows: presence of one stone, stone size of 1.48 cm2, 

Table 1. Demographic data, stone characteristics and peri-/
postoperative data

Mean ± SD Median (min/
max)

Age 46.38±14.72 47 (18/83)

Number of stones 1.23±0.54 1 (1/4)

HU value of stones 1.043,70±354.65 1100 (300/1700)

Stone size (cm2) 1.50±1.02 1.3 (0.25/8)

Stone volume (cm3) 2.46±2.82 1.68 (0.24/25.02)

Operation time (min) 53.63±19.44 50 (25/145)

Length of hospital stay (day) 2.11±0.40 2 (1/4)

HU: Hounsfield unit, SD: Standard deviation, Min: Minimum, Max: Maximum

Table 2. Factor affecting stone-free status
Stone-free status p-value

No Yes

(n=64) (n=120)

Mean ± SD 
(min/max)

Mean ± SD 
(min/max)

Age (years) 46.08±13.79 
(18/81) 

46.54±15.25 
(18/83)

0.804

n (%) n (%)

Gender

Female 22 (34.4) 46 (38.3) 0.633

Male 42 (65.6) 74 (61.7)

Preoperative ESWL

No 28 (43.8) 66 (55.0) 0.165

Yes 36 (56.3) 54 (45.0)

Preoperative PNL

No 55 (85.9) 111 (92.5) 0.193

Yes 9 (14.1) 9 (7.5)

Abnormality in renal unit

No 51 (81.0) 106 (89.1) 0.174

Yes 12 (19.0) 13 (10.9)

Stone side 

Left 36 (56.3) 64 (53.3) 0.757

Right 28 (43.8) 56 (46.7)

Stone opacity

Opaque 6 (9.4) 13 (10.8) 0.806

Non-opaque 58 (90.6) 107 (89.2)

Accompanying ureter stone

No 59 (92.2) 111 (92.5) 1.000

Yes 5 (7.8) 9 (7.5)

Hydronephrosis

No 23 (35.9) 56 (46.7) 0.211

Yes 41 (64.1) 64 (53.3)

Preoperative DJS

No 52 (81.3) 90 (75.6) 0.459

Yes 12 (18.8) 29 (24.4)

Additional intervention for residual stone

No 49 (76.6) 120 (100.0) <0.001

Yes 15 (23.4) 0 (0.0) 75.5 (4.4-
1285.9)*

Need for intensive care 

No 63 (98.4) 119 (99.2) -

Yes 1 (1.6) 1 (0.8)

Median 
(min/max)

Median (min/
max)

Stone number 1.3 (1/4) 1 (1/2) 0.018

HU value 1200 
(300/1650)

1000 
(300/1700)

0.244
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stone volume of 1.54 cm3 and 55 min of operation time. The 
stone-free rate decreased significantly as these values increased. 
The main objective of this study was to measure the stone size 
by calculating the stone volume owing to its 3D configuration 
in space, instead of measuring the longest side in a single plane 
or calculating the stone area. In our opinion, the true stone size 
can only be determined by volume calculation. In accordance 
with this objective, the results of the ROC analysis and the 
area under the ROC curve (AUC) supported our hypothesis. The 
parameter that determines the stone-free rate with the highest 
AUC value and odds ratio was the stone volume (cm3) (Table 3).

According to the multiple logistic regression model, a stone-free 
status can be estimated significantly (p<0.001) with an overall 
accuracy rate of 74.5%, based on the threshold values calculated 
by the ROC analysis. Stone-free status can be predicted with an 

odds ratio of 2.5 if the stone volume (cm3) is below the specified 
threshold value and with an odds ratio of 2.9 if the operation 
time is shorter than the specified threshold value (Table 4).

The parameters that significantly affect stone-free status were 
examined according to the Naive Bayes classification model, 
and these parameters had general accuracy of 78.8% to predict 
stone-free status. According to these results, the parameter 
of “additional intervention needed for postoperative residual 
stones” displayed the highest power to predict stone-free 
status, with respect to the Bayesian Information Criterion (BIC) 
and Rank score. However, this is a highly predictable situation 
that would not require any statistical analysis. “Stone volume 
calculation in cm3” is another parameter having the highest 
predictive power according to the BIC and Rank score. This is 
followed by the parameters of “stone size measurement in cm2”, 
“operation time” and “number of stones” (Table 5).

Discussion

The main aim of kidney stone management is to achieve 
complete stone-free status with minimal damage to the patient. 
Stone fragments remaining in the kidney after treatment may 
be a source of new stones causing new symptoms once again as 
well as provide a basis for infection. In the era where open stone 

Table 5. Predictive power of stone-free status according to 
the naive bayes classification model

Predicting Parameter Rank BIC
Average 
log-
likelihood

Additional intervention for residual 
stones

5 0.567 -0.553

Operation time (min) 2 0.520 -0.492

Stone number 1 0.509 -0.466

Stone size (cm2) 3 0.521 -0.464

Stone volume (cm3) 4 0.540 -0.469

Prediction rate; Stone-free status (Yes) = 100% (No) = 39.1% Overall accuracy 78.8%, 
BIC: Bayes information criterion

Table 3. ROC analysis of parameters affecting stone-free 
status

Stone-free status AUC 
(sh) p-value

Odss ratio
(95% CI)No Yes

n (%) n (%)

Number of stones

>1 18 
(28.1)**

17 (14.2) 0.574 
(0.033)

0.024 2.4 
(1.1-5.0)

≤1 46 (71.9) 103 
(85.8)*

Stone size (cm2)

>1.48 38 
(59.4)**

44 (36.7) 0.635 
(0.042)

0.001 2.5
(1.4-4.7)

≤1.48 26 (40.6) 76 (63.3)*

Stone volume (cm3)

>1.54 47 
(73.4)**

59 (49.2) 0.634 
(0.042)

0.001 2.9 
(1.5-5.5)

≤1.54 17 (26.6) 61 (50.8)*

Operation time (min)

>55 28 
(43.8)**

33 (27.5) 0.596 
(0.043)

0.027 2.1 
(1.1-3.9)

≤55 36 (56.3) 87 (72.5)*

ROC: Receiver operating characteristic, AUC: Area under the ROC curve, SE: Standard 
error, CI: Confidence Interval, Sensitivity* Specificity**

Table 4. Prediction rate of stone-free status according to the 
multiple logistic regression model

b SE p-value Odss 
ratio

95% Confidence 
interval for odds

Lower 
limit

Upper 
limit

Stone size 
cm3 (≤1.54)

-0.933 0.381 0.014 2.5 1.2 5.4

Operation 
time (min) 
(≤55)

-1.067 0.366 0.004 2.9 1.4 6.0

Prediction rate; Stone-free status  (Yes) = 98.3%  (No) = 29.7% 
Overall accuracy = 74.5% P-model <0.001

Method: Backward stepwise (Wald), b: Regression coefficient, SE: Standard error

Stone size (cm2) 1.53 (0.45/8) 1.24 (0.25/4) 0.003

Stone volume  (cm3) 2.37 
(0.45/25.02)

1.52 (0.24/8.64) 0.005

Operation time (min) 50 (30/125) 45 (25/145) 0.036

Length of hospital 
stay (day)

2 (1/4) 2 (2/4) 0.783

ESWL: Extracorporeal shock wave lithotripsy, PNL: Percutaneous nephrolithotomy, 
DJS: Double J-stent, HU: Hounsfield unit, SD: Standard deviation, Min: Minimum, Max: 
Maximum; *Odss Ratio (95% confidence interval)
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surgery was performed, complete stone-free status was usually 
attained, and in those days, no difference was found in the 
definitions of surgical success. However, at present, minimally 
invasive techniques are developed, and some disagreements are 
observed in the definition of success (5-7).

In the literature, the average success rate of RIRS for lower pole 
stones in a single session is 86% (8). In a study of 185 patients 
with kidney stones ≥2 cm, Sari et al. (9) reported a success 
rate of 73.5% after the first RIRS and 85.4% in a multistaged 
approach. Preminger (10) reported a stone-free rate of 85% 
after the third month in patients who underwent RIRS for lower 
calyceal stones <2 cm. In another study, the early postoperative 
stone-free rate and success rate of RIRS in all localisations were 
69.7% and 80.3%, respectively, and high stone-free rates were 
reported, especially for small stones (11). Palmero et al. (12) 
reported a success rate of 73.6% after RIRS. The total success 
rate after additional procedures was 93.5% in the same study. 
In our study, early stone-free status rate was approximately 
65%, which is close to literature data. This result was achieved 
by a single procedure and determined by CT within one month 
after surgery, and it is obvious that even higher rates of stone-
free status would be expected with additional treatments and 
in control films within three months after surgery. Thus, our 
success rate increased to 74% when the secondary procedures 
were performed on 15 patients in whom a stone-free status 
could not be achieved. When the literature and our study data 
were evaluated, we can speculate that the most important 
reason for these variations in success rates is the measurement 
and consequent indication errors owing to the failure of 
calculating the stone volume.

The properties of post-RIRS residual stones were examined by 
Fabrizio et al. (13) in a study of 100 patients, and they observed 
that the proportion of patients with residual stones increased 
as the stone size increased. Among parameters that affect the 
success of RIRS, stone size was significant. To the best of our 
knowledge, this is the first study to have calculated the stone 
volume in evaluating RIRS success and where a threshold value 
is given, considering the whole literature or the EAU guideline 
and advising the longest measurement of stone size in a single 
plane or area calculation. The success rate of RIRS decreased in 
stones larger than 1.54 cm3, with a highly predictive power and 
prediction rate of stone-free status, according to our study that 
centred on the hypothesis that stone measurement should be 
made by volume calculation owing to its 3D structure in space, 
namely, width, length and height. Based on this data, more 
accurate indications can be determined in patients with urinary 
stone as a result of measuring the stone size and volume to 
increase the surgical success.

Lim et al. (11) categorised RIRS indications into primary and 
secondary RIRS. Patients who had unsuccessful ESWL and PNL 

treatments constituted the secondary RIRS group, and the 
vast majority of them were patients who underwent ESWL (32 
ESWL/4 PNL). They found significant difference in the stone-
free rates between the secondary RIRS group and primary RIRS 
group, in favour of patients who underwent primary RIRS. 
Other studies have reported that RIRS was an effective and 
reliable method in ESWL-resistant stones (14,15). In our study, 
preoperative unsuccessful ESWL and PNL treatments did not 
affect the success in the secondary RIRS group.

Elbir et al. (16) concluded that the number of stones was an 
important parameter that affects the success of RIRS. According 
to their findings, RIRS success decreased statistically when the 
number of stones exceeded 1. In another study, the initial and 
final stone-free rates decreased significantly as the number of 
stones increased. Residual stones were significantly higher in 
the first day and first month after surgery in cases with multiple 
stones (17). Our results were similar to those of the literature, 
and we found that the number of stones was a parameter that 
effectively affects RIRS success. According to the ROC analysis, 
the surgical success decreased significantly as the number of 
stones exceeded 1. Stone number is a robust parameter in 
predicting stone-free status according to BIC and Rank score.

Kirac et al. (18) reported that the mean operation time was 
66.4±15.8 min and the duration of hospitalisation was 24.5±4.6 
hours in patients who underwent RIRS. In our study, the 
average operation time was 45 min in the stone-free group 
and 50 min in the non-stone-free group. The mean operation 
time was shorter than the values reported in the literature for 
both groups, suggesting a significant difference in determining 
stone-free status. Moreover, the stone-free status significantly 
decreased in procedures longer than 55 min based on the ROC 
analysis. This result can explain the shorter operation time 
achieved in the stone-free group. A decrease in stone-free rates 
along with the increase in the operation time may be attributed 
to the lack of surgical experience, increased complication rates 
in cases with prolonged operation time and difficult localisation 
of the stones, such as the lower calyx, that may cause decreased 
manoeuvrability of the flexible URS and consequent fatigue and 
attention problem experienced by the surgeon. Moreover, our 
results revealed that operation time <55 min was an important 
parameter that can predict stone-free status with a high 
predictive power and rate. The length of hospital stay was 48 
hours in the groups with and without stone-free status, which 
was a longer period when compared with literature data and 
had no significance in determining stone-free status. 

Preoperative DJS placement was reported to increase stone-free 
rate by dilating the ureter, in a retrospective study that evaluated 
preoperative DJS placement for passive dilatation purposes due 
to reasons such as anuria or pyelonephritis (9). Another study 
pointed out the absence of no consensus on preoperative DJS 
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placement for additional operation and the lower occurrence 
of urinary system complications of DJS (19). However, in our 
study, preoperative DJS had no effect on the success of RIRS. 
These data suggest that preoperative DJS placement for passive 
dilatation in patients undergoing RIRS was not effective in 
providing stone-free status, contrary to various reports. Thus, 
there will be less additional procedures, less cost, less morbidity 
and less emergency room admissions.

Study Limitations

This study has some limitations. Apart from the retrospective 
design, which is the main limitation, a standard volume 
calculation could not be performed (the lack of a software 
that can calculate the stone volume) because of the specific 
configuration of each stone, and procedures were performed by 
several surgeons with varying skills and experiences.

Conclusion

RIRS, one of the minimally invasive endourological techniques, 
is increasingly performed in the treatment of kidney stones. 
Our findings suggest that a more accurate indication can be 
determined by calculating stone volume instead of measuring 
stone size on a single plane. If determined by volume calculation, 
RIRS is an effective and reliable method for stones <1.54 cm3. 
Regardless of the measurements in a single plane, another 
minimally invasive endourological method such as PNL should 
be prioritised in stones with a volume >1.54 cm3. We believe that 
our results, supported by the data of other studies, will provide 
a new milestone in stone surgery and shed light on guidelines.
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