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Introduction. Currently, percutaneous nephrolithotomy 
(PCNL) is a widely used surgical method for treating 
urolithiasis, especially for large kidney stones (including 
staghorn calculi) [1, 2]. It is known that the inability to 
completely remove stones leads to patient dissatisfaction 
and disappointment with the treatment, so having a 
method to predict the efficiency of stone removal before 
performing PCNL is a good option for planning the 
procedure [3].

In urological practice, there are nomograms that have 
been commonly used and are currently actively employed 
when planning surgical treatment. In particular, for 
predicting stone-free status when performing PCNL, a 
number of studies have been published [3-8]. According to 
an international study carried out among endourologists 
in 2016, only 15% of specialists used nomograms in 
routine practice, and 13% denied their efficiency. 
Approximately 25% of respondents believed that a higher 
level of evidence was needed for using nomograms [9]. 

Each of the previously proposed nomograms has its 
advantages and disadvantages. Taking this into account, 
there is a need to develop a more universal method for 
predicting the efficiency of PCNL for simplicity and 
wider application in the clinical practice.

Aim. To develop a universal tool for predicting 
the efficiency of mini-PCNL, taking into account 
preoperative features and patient characteristics.

Materials and methods. The study was carried out at 
Pirogov City Clinical Hospital No. 1 in Moscow and 
included 251 patients who underwent mini-PCNL. At the 
preoperative stage, all patients had clinical and laboratory 
examination, as well as computed tomography of the 
urinary tract (CT-urography). All patients underwent 
mini-mini-PCNL in the prone position according to the 
standard technique through one access. Stone-free status 
was assessed based on CT results in the postoperative 
period, and was defined as the complete absence of 
stones in the collecting system or the presence of residual 
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Aim. To develop a universal nomogram for predicting the efficiency of mini-PCNL taking into account the 
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Materials and methods. A total of 251 patients with kidney stones who underwent mini-PCNL in the prone 
position according to the standard method through a single access were included in the study. The preoperative 
characteristics of patients and their impact on the outcome were evaluated. An achievement of the stone-free 
rate (SFR) was assessed by the computed tomography (CT). 
Results. The analysis revealed factors significantly influencing the achievement of the SFR, such as stone 
volume >1.39 cm3 (p=0.001), stone area >189.03 mm2 (p=0.001), distance from the lowest point of the 
Th12 to the lower part of the lower pole calyx (T12-LP) <85.81 mm (p=0.050), distances from the lower 
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and staghorn stone (p=0.001). Correlation, logistic regression, and ROC analysis were performed for these 
factors. The area under the curve (AUC) was 0.897. A nomogram has been developed. The sensitivity of 
the model is 94.4%, specificity is 59.2%, and overall accuracy is 84.4%. A certificate of state registration of 
a computer program in the IBM SPSS Statistics syntax language "A model for predicting the SFR of mini-
PCNL in patients with kidney stones" was obtained.
Conclusion. The nomogram developed on the basis of our data showed a high predictive ability in relation 
to the SFR with sensitivity of 94%. This nomogram is easy to use and interpret, which makes it convenient 
for routine practice, however, external validation is necessary to objectify the predictive ability.
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stones no larger than 4 mm. The influence of factors on 
achieving stone-free status was evaluated, such as stone 
volume, stone area, distance from the lowest point of the 
12th thoracic vertebra to the lower part of the lower calyx 
(T12LP), vertical distance between the lower part of the 
lower calyx and the most cranial part of the iliac crest 
(ICLP), stone size, stone density, presence of multiple 
stones, number of calyces affected by the stone, number of 
branches of staghorn calculi, presence of staghorn stone, 
body mass index (BMI), presence of hydronephrosis, 
history of endoscopic procedures for urolithiasis or open 
procedures. Quantitative parameters were evaluated 
based on CT-urography using the Vidar Dicom Viewer 
program (Russia), while qualitative characteristics were 
assessed based on history taking and medical records. 
Demographic and clinical characteristics of patients, as 
well as morphometric characteristics of kidney stones, are 
presented in Table 1.

Statistical analysis. The database was created using 
Excel from the Office 365 package by Microsoft (USA), 
and for statistical analysis, StatTech v. 3.1.8 (developed by 
Stattech LLC, Russia) and IBM SPSS Statistics (version 
27) were used. The distribution of quantitative indicators 
was determined using the Shapiro-Wilk and Kolmogorov-
Smirnov tests. To compare percentages, Pearson's chi-
square test and the z-test for equality of proportions were 
used when analyzing relationships based on contingency 
tables. The odds ratio (OR) was calculated. The method 
of correlation analysis of variables, the logistic regression 
for modeling the dependence of binary characteristics on 
quantitative and qualitative features, and ROC analysis 
were applied.

Results. Based on the analysis of relationships between 
the dependent variable (stone-free status) and clinical 
and morphometric preoperative features, factors were 
identified that significantly influence the success of mini-
PCNL and achievement of stone-free status. For all 
categorical original and transformed variables with two 
categories, relative risk indicators of unsuccessful mini-
PCNL were calculated, including odds ratios and their 
confidence intervals.

The analysis allowed to identify factors that significantly 
affect the achievement of stone-free rate status, including 
stone volume >1.39 cm³, stone area >189.03 mm², T12LP 
<85.81 mm, ICLP >49.1 mm, stone size >18.2 mm, 
number of calyces affected by the stone >3, number of 
branches of staghorn calculi >4, presence of staghorn 
stine. The results of the analysis are presented in Table 2.

Correlation analysis of the original clinical and 
morphometric characteristics showed their influence 
not only on the dependent variable, such as stone-free 
status, but also strong correlations between the factors 
themselves. The results of the correlation analysis are 
presented in Table 3.

At the next stage, a component analysis to solve the 
problem of multicollinearity was done. After that, two 
main components were identified (physical characteristics 
of the stone and the kidney anatomic location), whose 
values were greater than 1 (Table 4).

After carrying the component analysis on the new 
aggregated indicators (main components), which are 
linear combinations of the original seven characteristics, a 
regression analysis was performed. A mathematical model 
of logistic regression was used. As a result of the stepwise 
construction of the logistic regression model, only the 

T a b l e  1
Characteristics of patients

Parameter M±SD / Me (Q1–Q3) / N (%)
Age, years 60,00 (48,00–68,00)

Gender Женский 141 (56.2%)
Мужской 110 (43.8%)

Side of stone Right 123 (49.0%)
Left 128 (51.0%)

Hydronephrosis Yes 64 (25.8%)
No 184 (74.2%)

Past endoscopic treatment of urolithiasis Yes 75 (29.9%)
No 176 (70.1%)

Past open procedures for urolithiasis Yes 20 (8%)
No 231 (92%)

Multiple stones Yes 59 (23.5%)
No 192 (76.5%)

Staghorn stone Yes 82 (32.7%)
No 169 (67.3%)

BMI, kg/m2 28,70 (25,30–33,05)
Number of calyces affected by the stone 2,00 (1,00–3,00)
Number of branches of staghorn stone 3,00 (2,00–4,50)

Stone volume, cc 1,38 (0,75–3,40)
Stone area, mm2 189.23 (111.35–355.19)

T12LP, mm 84.01±18.95
ICLP, mm 46.80 (36.95–57.75)

Stone size, mm 18.00 (13.25–25.80)
Max. stone density, HU 1372.00 (1005.00–1534.00)
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T a b l e  3
Correlation analysis of initial clinical and morphometric characteristics

Number of branches 
of staghorn stone

Number of calyces affected 
by the stone

Stone 
volume Stone area T12LP ICLP Stone 

size
Number of branches  

of staghorn stone
1 0.893* 0.699* 0.696* 0.026 0.016 0.606*

Number of calyces affected  
by the stone

1 0.731* 0.730* -0.003 0.035 0.618*

Stone volume 1 0.904 0.042 0.007 0.761
Stone area 1 0.020 0.053 0.807*

T12LP 1 -0.664* 0.016
ICLP 1 0.019

Stone size 1
Note: * – correlations are significant at the level of p<0.001.

T a b l e  2
Assessment of risk factors affecting the achievement of stone-free status

Factor Value OR [95% CI] p (value)
Stone volume, cc <1.38

>1.39
9.6 [4.7; 19.5] 0.001

Stone area, mm2 <189.02
>189.03

7.4 [3.789; 14.611] 0.001

T12LP, mm >85.80
<85.81

1.9 [0.986; 3.765] 0.050

ICLP, mm <49.0
>49.1

0.5 [0.242; 0.935] 0.029

Stone size, mm <18.1
>18.2

6.2 [3.274; 11.898] 0.001

Max. stone density, HU <1372.0
>1372.1

1.1 [0.805; 1.445 1.445

Multiple stones Да
Нет

1.6 [0.863; 3.011] 0.132

Number of calyces affected by the stone <2
>3

10.7 [5.198; 21.974] 0.001

Number of branches of staghorn stone <3
>4

8.3 [2.568; 26.955] 0.001

Staghorn stone Да
Нет

10.5 [5.586; 19.866] 0.001

BMI, kg/m2 <28.7
>28.8

1.2 [0.718; 2.160] 0.435

Hydronephrosis Да
Нет

0.6 [0.325; 1.245] 0.185

Past endoscopic treatment of urolithiasis Да
Нет

0.1 [0.533; 1.774] 0.927

Past open procedures for urolithiasis Да
Нет

1.4 [0.533; 3.659] 0.495

T a b l e  4
Values of the selected components before and after rotation

Components
Initial values Values of principal components after rotation

Values Percentage of 
Explained Variance

Total Percentage  
of Variance Values Percentage of Explained 

Variance
Total Percentage  

of Variance
1 4.18 59.77 59.77 4.18 59.77 59.77
2 1.56 22.28 82.05 1.56 22.28 82.05
3 0.45 6.47 88.52
4 0.34 5.68 94.21
5 0.20 2.96 97.17
6 0.12 1.69 98.86
7 0.08 1.14 100.00
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first main component was included (p=0.001). Thus, an 
equation was obtained for the probability of achieving 
stone-free status:

p_i=1/(1+e^(-(-1,060+1,952·F_1i ) ) ),
where F1i=0,220*X1+0,216* X2 + 0,216*X3+0,221* 

X4 +0,12*X5 +0,009*X6 +0,219*X7,  
where Xj are standardized values of the original 

independent variables.
Based on the results of this equation, the model predicts 

84.4% of successfully performed mini-PCNL for kidney 
stones (Table 5).

The sensitivity of the model was 94.4%, and the 
specificity was 59.2%. The overall accuracy was 84.4%. 
After constructing the logistic regression to analyze 
the quality of the classification and overall predictive 
power, ROC analysis was carried out and the area 
under curve (AUC) was analyzed (Fig. 1). AUC was 
0.897 with a 95% confidence interval from 0.81 to 
0.91, which corresponds to a good quality of the 
predictive model. The Gini index was 0.72. Based on 
the predictive model, a program was written, namely 
a model for predicting the successful performance 
of mini-PCNL in patients with kidney stones. The 

T a b l e  5
Classification ability of the constructed model

Was stone-free status observed?
Model prediction

Stone-free status predicted
Proportion of correct predictions, %

да нет
Yes 169 10 94.4
No 29 42 59.2

Total 84.4
Note: at cutoff probability threshold of 0.5.

Fig. 1. Plot of specificity and sensitivity of the 
multivariate model
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Fig. 2. 3D reconstruction of CT-urography (coronal plane), 
the arrow indicates a staghorn stone

Fig. 3. 3D reconstruction of CT-urography (sagittal plane), 
the arrow indicates a staghorn stone
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program contains code in the IBM SPSS Statistics 
syntax language for calculations of the obtained model, 
the original sample for training, and a patient scoring 
calculator in MS Excel based on the model. Computer 
type: PC. Language: IBM SPSS Statistics 26.0 syntax, 
MS Excel OS: Windows 7\8\10\11. For this program, 
a certificate of state registration of a computer program 
was obtained: "Model for predicting the successful 
performance of mini-percutaneous nephrolithotomy in 
patients with kidney stones."

Clinical example of using of the predictive tool:
Patient K. with a staghorn stone in the right kidney (K1 

according to N. A. Lopatkin's classification) (Fig. 2, 3). 
According to preoperative parameters, the patient was 
prepared for mini-PCNL.

Based on the results of preoperative CT-urography, 
the necessary parameters were calculated. The stone size 
was 17.3 mm, stone volume of 1.88 cc, stone area of 112 
mm, T12LP of 82.4 mm, ICLP of 32.8 mm, number 
of calyces affected by stone of 2, number of branches 
for the staghorn stone of 3. According to the model, 
the probability of achieving stone-free status was 82.3% 
(Fig. 4). It should be noted that this value was obtained by 
transforming the value of 0.177 (the difference of one and 
the obtained value, and the product of the difference by 
100%), ((1-0.177)*100%=82.3%).

According to the results of CT-urography in the 
postoperative period, no residual stones were detected 
(Fig. 5).

Discussion. Stone-free status is one of the main criteria 
for evaluating the efficiency of surgical treatment of 
urolithiasis and implies the absence of clinically significant 
stones according to postoperative imaging studies [10]. It 
is well known that successful PCNL positively affects 
patient satisfaction with the surgical treatment [11]. 
Up to 37% of clinically insignificant residual stones 
can grow and lead to clinical manifestations, such as 
inflammation or urinary tract obstruction. Residual 
stones larger than 4 mm significantly increase the number 
of additional diagnostic studies, surgical interventions, 
and hospitalizations [12-14]. However, it is not always 
possible to achieve stone-free status. Predicting successful 
PCNL using nomograms allows objectively assessing 
the complexity of the upcoming procedure, planning 
the use of combined endoscopic treatment or creating 
multi-access when performing PCNL, which will allow 
counseling patients at the preoperative stage about the 
features of surgical treatment of kidney stones and possible 
multiple sessions of treatment.

Previously proposed tools (scales, nomograms) for 
predicting stone-free status have currently undergone 
external validation, and some of them have demonstrated 
their high predictive ability. However, these tools have 
not found widespread application in routine practice, 
which is due to the complexity of evaluating the necessary 
parameters, the interpreting the obtained result, and 
the low predictive ability [15, 16, 17]. Our predictive 
tool seems to be attractive in application, as it is based 
on quantitative parameters evaluated using a computer 
program, which reduces the likelihood of underestimating 
the complexity of the upcoming procedure and achieving 

Note: if the obtained value is 1, the probability of achieving stone-free status is 0%, if the value is 0, the probability 
of achieving stone-free status is 100%, the intermediate value is calculated by ((1-X)*100%).

Fig. 4. Results of mini-PNLT success calculation in the developed program

Fig. 5. 3D reconstruction of CT-urography after surgical 
treatment (coronal plane)
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stone-free status. Also, this predictive tool includes the 
kidney anatomic location, which can affect all stages of 
PCNL.

Conclusion. Our predictive tool covers not only 
the morphometric parameters of stones but also the 
constitutional features of the patient. The simplicity of its 
application and interpretation is its advantage, however, 
it is necessary to carry out external validation on other 
cohorts of patients to objectify the predictive ability of the 
nomogram.
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