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ABSTRACT
 

Introduction: The present study aimed to investigate the factors of prolonged urinary 
leakage (PUL) after percutaneous nephrolithotomy (PCNL) and develop a new and sim-
ple scoring system to predict it.
Patients and Methods: We retrospectively reviewed patients with renal stones who 
underwent PCNL at the University of Health Sciences Izmir Bozyaka Training and Re-
search Hospital between April 2011 and January 2020. The patients were divided into 
two groups according to the presence of PUL, and their preoperative and perioperative 
data were compared. A multivariate regression analysis was applied to examine the re-
lationship between perioperative descriptors and PUL, and a nomogram was developed 
using significant predictors. Then, the individual components of the nomogram were 
assigned points to form a scoring system.
Results: There were 92 and 840 patients in the groups with and without PUL, respec-
tively. The results of the univariate logistic regression analysis showed that hydro-
nephrosis grade, parenchymal thickness, duration of nephroscopy, and duration of 
nephrostomy catheter were significantly associated with PUL. Subsequently, a multi-
variate regression analysis was carried out with these four factors as possible indepen-
dent risk factors of PUL after PCNL. Based on the results of this analysis, a nomogram 
prediction model was developed with an area under the curve value of 0.811, which 
was consequently used to develop a new simple score system consisting of three cha-
racteristics: parenchymal thickness (1–5 points), duration of nephroscopy (1–3 points), 
and hydronephrosis grade (1–3 points). 
Conclusion: A novel scoring system is a useful tool for predicting PUL in patients who 
have undergone percutaneous nephrolithotomy.
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INTRODUCTION

Percutaneous nephrolithotomy (PCNL) 
is the standard treatment for renal stones of >2 
cm (1). High stone-free rates reaching 96.1% can 
occur in PCNL (2). Despite the high efficacy of 
PCNL, complications of up to 20-83% are descri-
bed in the literature. The most common of these 
complications are postoperative fever (4-32.1%), 
bleeding requiring transfusion (10.9-17.5%), and 
urine extravasation (7.2%) (3-5). However, when 
complications are classified according to the Cla-
vien scoring system, the most common grade-3 
complication is urine leakage persisting for >24 h 
(4%) treated by a double-J (DJ) ureteral stent (3).

After PCNL, a percutaneous nephrostomy 
(PCN) is placed in most cases for one to two days 
to provide both hemostasis and improvement in 
the access area (6). However, when the nephros-
tomy tube is removed at the end of this period, 
urine extravasation from the nephrostomy tract 
may sometimes continue. Nevertheless, a recent 
review by Xun Y et al. reported that patients who 
underwent tubeless PCNL, rather than standard 
PCNL, were associated with a lower risk of pos-
toperative urine leakage (7). This is a disturbing 
event for both the patient and the physician. Al-
though this returns to normal after the placement 
of a retrograde DJ stent, it requires re-anesthesia 
and an additional invasive procedure.

Many scoring systems have been develo-
ped to predict the results of PCNL (8-11). A pre-
vious meta-analysis also showed that complica-
tions could be predicted with scoring systems for 
PCNL (12). However, such scoring systems were 
not effective in showing prolonged urinary leaka-
ge (PUL). Although risk factors, such as hydrone-
phrosis grade, duration of PCN catheter, type of 
dilator, PCN catheter diameter, renal parenchymal 
thickness in access line, residual stones, and mean 
stone burden have been identified for the deve-
lopment of PUL after PCNL, no scoring system is 
available to separately predict PUL (13, 14).

In this study, factors related to PUL were 
evaluated to predict which cases should receive a 
DJ catheter intraoperatively to shorten the length 
of hospital stay caused by PUL and decrease the 
exposure to additional anesthesia due to postope-

rative DJ catheter requirement, and a novel scoring 
system was developed to predict PUL after PCNL.

PATIENTS AND METHODS

Patients who underwent PCNL were 
analyzed at the Izmir Bozyaka Training and Re-
search Hospital between April 2011 and January 
2020, retrospectively. The study was approved by 
Ethical Board (Meeting/Decision No.2021/145). Pa-
tients with chronic renal failure, ureteropelvic junc-
tion obstruction, concurrent ureteral stones, lower 
urinary system symptoms, residual stones causing 
obstruction, those requiring an intraoperative DJ 
stent implantation, and those that underwent tube-
less PCNL were excluded from the study.

The patients who did not develop PUL 
were defined as Group 1, and those that develo-
ped PUL as Group 2. The patients who were im-
mediately dry or experienced urinary leakage for 
less than 24h after nephrostomy removal were 
evaluated in Group 1. Retrograde DJ stents were 
placed in all patients with urinary leakage that 
lasted for >24h, and these patients constituted 
Group 2. Of the patients with >24 hours of urina-
ry leakage or /and who were symptomatic, those 
with opaque stones were evaluated with ultra-
sonography and those with non-opaque stones 
were evaluated with non-contrast computed to-
mography (CT). The patients with residual stones 
causing obstruction were excluded from the stu-
dy. The presence of urine leakage was determined 
by patient-reported wet dressings and/or hourly 
checks by the physician associate.

All the patients were preoperatively eva-
luated with a multi-slice plain CT. The degree of 
hydronephrosis was calculated according to the 
Society for Fetal Urology Hydronephrosis Grading 
System (15). We defined the renal parenchymal 
thickness as the access line distance from the re-
nal capsule to the apex of the pyramid in the co-
ronal plane CT images. The skin-to-parenchyma 
distance was defined based on the distance indi-
cators on the needle, which was accessed using 
an 18-G initial puncture needle during the ope-
ration. Perioperative and postoperative data in-
cluded operative time, duration of nephroscopy, 
duration of fluoroscopy, length of hospital stay, 
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calyx of puncture, puncture site, access number, 
duration of PCN catheter, and presence of residual 
stones. The nephroscopy time was recorded from 
the access to the collecting system of the kidney 
to antegrade pyelography. The presence of residu-
al stones was evaluated with fluoroscopy image 
and visual evaluation at the end of surgery. Sterile 
urine culture was detected in all patients before 
the operation. 

The stone burden was calculated in square 
millimeters in all patients: length x width x π x 
0.25, where π is a mathematical constantequalto 
3.14 (16). In multiple intrarenal stones, the stone 
burden was calculated individually, and then the 
sum of all values were taken. 

Surgical procedure

After general anesthesia, a 5- or 6-F urete-
ral catheter was inserted into the collecting system 
of the kidney with stones and fixed to a Foley 
catheter. Then the patient was placed in the pro-
ne position, access was performed with an 18-G 
needle, and the tract was dilated with Amplatz di-
latators to the 30 F caliber under fluoroscopy. A 
26-F rigid nephroscope was used in the operation. 
Stones were fragmented with pneumatic lithotrip-
ter (Vibrolith; Elmed, Ankara, Turkey). At the end 
of the procedure, routinely, a 14-F nephrostomy 
tube was inserted. On the postoperative first day, 
the Foley catheter and the ureteral catheter were 
removed. The nephrostomy tube was removed on 
the postoperative first or second day in the absen-
ce of fever or significant hematuria after antegrade 
nephrostography showing ureteral drainage down 
to the bladder. After the nephrostomy tube was re-
moved, the presence of a leak was defined by wet 
dressings either reported by the patient or determi-
ned by hourly checking in the ward by a resident. 
The decision for a dry patient was based on patient-
-reported comfort and doctor-determined dry dres-
sing. Urinary leakage that persisted for more than 
24 h was considered as PUL, and a retrograde DJ 
stent was placed in these patients. These procedures 
were routinely applied to all patients. Success was 
defined as the presence of asymptomatic residual 
stones of less than 4 mm or no evidence of stones 
on the postoperative first-month CT.

Statistical Analysis

Categorical data were given as numbers 
and percentages. The conformance of continuous 
variables to normal distribution was evaluated 
using the Shapiro-Wilk test. Normally distributed 
variables were presented as mean and standard 
deviation, and those that did not show a normal 
distribution were presented as median and inter-
quartile range. The independent-samples t-test 
was used to compare two independent normally 
distributed data, while the Mann-Whitney U test 
was used for the comparison of non-normally 
data. Pearson’s chi-square and Fisher’s exact tests 
were used in the comparison of categorical varia-
bles. Possible predictive variables associated with 
urine leakage were evaluated using multivariate 
logistic regression analysis, and the Backward 
elimination (Wald) method was used to create a 
model. The exclusion criterion for the model was 
set at p <0.1. A prognostic nomogram was cons-
tructed using the regression coefficients of inde-
pendent predictive variables.

The predictive ability of the nomogram 
and scoring system was evaluated with the recei-
ver operating characteristic (ROC) analysis. The 
nomogram was validated using the Bootstrap me-
thod (1,000 resamples). The scoring system was 
developed based on the score weights of the varia-
bles in the nomogram. The internal validation of 
the new scoring system was performed by calcu-
lating the score for each patient. Prediction ability 
was evaluated with the ROC analysis, and sensiti-
vity and specificity values were calculated by de-
termining the optimal cut-off value based on the 
Youden index. SPSS software (version 23.0; IBM 
Corporation, Armonk, NY, USA) was used for sta-
tistical analysis, and R-project statistical software 
and the ‘rms’ package included in this software 
were used for the nomogram.

RESULTS

There were 932 patients in the study. There 
were 840 and 92 patients in Group 1 and Group 
2, respectively. PUL was detected in 9.9% of the 
patients. The median age of the patients was 48 
(38-57) years, and the median BMI was 26.1 (23.0-
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29.3). There was a history of extracorporeal sho-
ckwave lithotripsy (ESWL) in 169 (18.1) patients, 
history of ipsilateral surgery in 279 (29.9), and 
metabolic syndrome in 71 (7.6). The relationship 
between the demographic and preoperative cha-
racteristics of the patients and PUL are presented 
in Table-1. The two groups were similar in terms 
of renal pelvis anteroposterior diameter, stone lo-
cation, stone density, and stone burden (p>0.005). 
The presence of hydronephrosis, a high hydrone-
phrosis grade, and a decreased renal parenchyma 
thickness were found to be associated with PUL 
(p=0.014, p<0.001, and p<0.001, respectively). Re-
sidual Stone rates were similar between the groups 
(p=0,210). The relationship between the periope-
rative and postoperative outcomes of the patients 
and PUL is given in Table-1. Duration of nephros-
copy, length of hospital stay, and length of PCN 
catheterization were significantly longer in Group 
2 (p<0.001, p<0.001, and p=0.002, respectively).

Nomogram and simple scoring system develo-
pment

In the univariate analysis, hydronephro-
sis grade, parenchymal thickness, duration of ne-
phroscopy, and duration of nephrostomy catheter 
were found to be associated with PUL (Table-1). 
The multivariate analysis conducted with these 
four variables revealed that hydronephrosis grade, 
parenchyma thickness, and duration of nephros-
copy were independent risk factors for PUL (Ta-
ble-2). Based on the results of the multiple regres-
sion analysis, a prognostic nomogram containing 
these three independent variables was developed 
(Figure-1). The area under the curve (AUC) value 
of the nomogram was 0.811 (95% CI: 0.767-0.855) 
with an optimal cut-off value of 14.96%, at whi-
ch the model showed a sensitivity of 77.2% and 
specificity of 74.2% (Figure-2). The optimized cor-
rected mean AUC value was determined as 0.800. 
Then, to be used in daily practice, a scoring sys-
tem with a total score of 3 to 11 was created based 
on the effect sizes of a parenchymal thickness (1-5 
points), duration of nephroscopy (1-3 points), and 
hydronephrosis grade (1-3 points) in the nomo-
gram (Figure-1).

The novel scoring system was applied to 
each patient and internal validation was perfor-

med. While the median score was 7 (7-8) in the 
patients with PUL, it was 6 (5-7) in those without 
PUL (p <0.001). The AUC value of the scoring sys-
tem to predict PUL was 0.793 (0.745-0.841) (Fi-
gure-2). This value was comparable with the AUC 
value of the nomogram (0.800). The optimal cut-
-off value of the scoring system was 6.5, at which 
it had 76.1% sensitivity and specificity of 71.0% 
in predicting PUL. Based on novel scores, the pa-
tients were divided into the risk groups of low 
(3-6), moderate (7-9), and high (10-11) (Figure-3), 
which were found to have the PUL rates of 3.6%, 
19.4%, and 80%, respectively.

DISCUSSION

Despite its high stone-free rates and effi-
cacy, large-scale complications can occur after 
PCNL (3, 4). The prolongation of urinary leakage 
from the nephrostomy tract after nephrostomy re-
quires the insertion of a DJ catheter, which is clas-
sified as a grade 3 complication according to the 
Clavien scoring system (3). Residual stones migra-
te to the ureter and cause edema and blood clot 
obstruction, leading to PUL. The way to resolve 
this is the placement of a ureteral DJ catheter. In 
a study conducted by Binbay et al., 57 (4.3%) of 
1,326 patients who underwent PCNL required a DJ 
catheter due to PUL, and this increased the length 
of hospital stay (13). Tefekli et al. supported the 
idea that PUL was the most common type of gra-
de 3A complication that increased the duration of 
hospital stay (3). Similarly, in a recent study, the 
length of hospital stay was significantly longer in 
patients with PUL.

Although there are accepted scoring syste-
ms that predict success in renal stone treatment, 
these scoring are insufficient to predict the risk of 
complications. Thomas et al. proposed a scoring 
system (Guy’s stone score, GSS) to preoperatively 
predict stone-free status by grading the comple-
xity of PCNL. However, they found that althou-
gh the score was associated with the stone-free 
rate, it was not associated with complications (8). 
Okhunov et al. indicated the necessity of additio-
nal studies to determine the role of the S.T.O.N.E. 
scoring system in predicting complications (9). In 
a single study of Ansari et al., GSS III and IV were 
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Table 1 - Comparison of demographic and preoperative characteristics of the patients according to the presence of urinary leakage.

Urinary Leakage
Variables Absent

(n=840)
Present
(n=92)

p value

Age (years) 48 (38-57) 50.5 (37-60) 0.327
Gender, n (%) 0.273*

Female 272 (32.4) 35 (38.0)
Male 568 (67.6) 57 (62.0)

Laterality, n (%) 0.337*
Right 394 (46.9) 48 (52.2)

Left 446 (53.1) 44 (47.8)

BMI, kg/m2, median (25th-75th percentile) 26.1 (22.9-29.4) 26.7 (24.2-29.4) 0.111
Metabolic syndrome, n (%) 61 (7.3) 10 (10.9) 0.216*
Previous history of ESWL, n (%) 155 (18.5) 14 (15.2) 0.534*
Ipsilateral surgery, n (%) 248 (29.5) 31 (33.7) 0.407*
Renal pelvis AP diameter 28.2 (19.7-60.0) 28.1 (19.3-47.2) 0.298
Hydronephrosis, n (%) 0.014*

Absent 259 (30.8) 17 (18.5)

Present 581 (69.2) 75 (81.5)
Hydronephrosis, n (%) <0.001*

Grade 0 259 (30.8)a 17 (18.5)b

Grade I 315 (37.5)a 21 (22.8)b

Grade II 154 (18.3)a 25 (27.2)b

Grade III 94 (11.2)a 24 (26.1)b

Grade IV 18 (2.1)a 5 (5.4)a

Stone location, n (%)
Pelvis 220 (26.2) 30 (32.6) 0.164*
Partial Staghorn 360 (42.8) 32 (34.8)
Staghorn 108 (12.8) 17 (18.5)
Multiple calyces 152 (18.1) 13 (14.1)

Stone density, HU 1,100 (800-1,300) 1,100 (800-1,252) 0.828
Stone burden, mm2 314 (204-510) 282 (206-618) 0.831
Renal parenchymal thickness in access line, (mm) 15.4 (13.0-17.7) 11.8 (9.3-14.0) <0.001
Skin-to-parenchyma distance, (mm) 80.0 (65-95) 79.2 (65-97.4) 0.942
Calyx of puncture, n (%) 0.210*

Upper 34 (4.0) 8 (8.7)

Middle 285 (33.9) 29 (31.5)
Lower 468 (55.7) 48 (52.2)
Multiple 53 (6.3) 7 (7.6)

Puncture site, n (%) 0.918*

Supracostal 288 (34.3) 33 (35.9)
Subcostal 519 (61.8) 56 (60.9)

Multiple 33 (3.9) 3 (3.3)
Number of access, n (%) 0.264*

1 761 (90.6) 80 (86.9)
≥2 79 (9.4) 12 (13.0)

Duration of operation, min. 90 (70-120) 100 (71.25-120) 0.850
Duration of nephroscopy, min. 40 (30-50) 50 (40-70) <0.001
Duration of fluoroscopy, sec. 66 (42-102) 63 (46-97) 0.944
Length of hospital stay, days 3 (2-4) 4 (3-6) <0.001
Duration of PCN catheter, days 2 (2) 2 (2-3) 0.002
Blood transfusion requirement, n (%) 70 (8.3) 6 (6.5) 0.547*
Residual stone, n (%) 216 (25.7) 34 (37.0) 0. 210*

BMI: Body massindex, AP: Anterior-posterior; *Pearson’schi-square test

a, b = No significant difference between the same superscripts. 
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reported to be associated with PUL (18). In the 
current study, we developed a new scoring system 
to prevent additional surgical interventions and 
reduce the length of hospital stay.

Previous studies have also evaluated the 
effect of hydronephrosis on urinary leakage from 
the nephrostomy tract after PCNL and shown that 
both the presence and degree of hydronephrosis 
are significantly associated with urinary leakage. 
Dirim et al. reported that the presence of hydrone-
phrosis increased the incidence of urinary leakage, 
and a one-unit increase in the degree of hydrone-
phrosis caused urinary leakage at the access site to 
prolong three times (14). The degree of hydrone-
phrosis and the duration of urinary leakage have 
also been correlated in studies evaluating the re-
lationship between the degree of renal hydrone-
phrosis and long-term urinary leakage (13,17,18). 
Similarly, in our study, we showed that as the de-
gree of hydronephrosis increased, the rate of PUL 
increased. It was also previously stated that a de-
creased parenchymal thickness caused less blood 
loss during PCNL (19). This may cause PUL due 
to delayed healing resulting from decreased blood 
supply to this area and the loss of the compressive 
properties of the thin parenchyma. Uyeturk et al. 
reported that the renal parenchymal thickness in 
the access line showed a more significant corre-
lation with the duration of urinary leakage com-

pared to the degree of hydronephrosis (20), which 
was also supported by Ansari et al. (18). In our 
study, we showed that renal parenchymal thick-
ness in the access line was a factor predicting PUL.

Since residual stones may cause urinary 
obstruction after PCNL, operation success has been 
shown to be the strongest predictor of DJ cathe-
ter placement after PCNL due to PUL (21). Recent 
studies have stated that stone burden was associa-
ted with stone-free rates. So, increasing the stone 
burden affects the success rates negatively (22). 
Considering this information, it has been shown 
that both increased stone size and the presence 
of complex stones can predict the development of 
PUL after PCNL (13). Thomas et al. showed that 
most of the patients with GSS 3 and 4 required a 
second-look procedure due to multiple punctures 
and residual stones, and these patients developed 
more complications (8). Ansari et al. demonstrated 
that PUL was associated with GSS 3 and 4, mul-
tiple access attempts, and the presence of residual 
stones, but not with the stone burden (18). Dirim 
et al. found no significant relationship between 
stone burden and access number and urinary le-
akage (14). In our study, a significant relationship 
was not observed between PUL and the presence 
of residual stones, in addition, this complication 
was not related to access number and stone bur-
den. In previous studies, it was not clearly stated 

Table 2 - Multivariate logistic regression analysis of possible factors in predicting urinary leakage.

Multivariate analysis Reduced multivariate analysis

OR 95% CI p value OR 95% CI p value

Hydronephrosis grade

Grade 0 Ref Ref

Grade I 1.317 (0.650-2.666) 0.445 1.270 (0.633-2.548) 0.502

Grade II 2.658 (1.328-5.321) 0.006 2.624 (1.317-5.228) 0.006

Grade III 3.548 (1.698-7.411) 0.001 3.536 (1.696-7.371) 0.001

Grade IV 4.017 (1.199-13.457) 0.024 4.319 (1.270-14.689) 0.019

Parenchymal thickness 0.761 (0.710-0.816) <0.001 0.765 (0.714-0.820) <0.001

Duration of nephroscopy 1.017 (1.009-1.025) <0.001 1.018 (1.010-1.026) <0.001

Duration of PCN catheter 1.219 (0.936-1.588) 0.141

OR = odds ratio
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whether residual stones caused obstruction (13, 
18). Gucuk et al. reported that routine flexible ne-
phroscopy during percutaneous nephrolithotomy 
was associated with a higher stone-free rate (23). 
However, in present study, flexible nephroscopy 
was not performed in any of the patients at the 
end of the procedure, so we could not evaluate 
its effectiveness. The feature that makes our study 
different from other studies is that patients with 
residual stones causing obstruction were not in-

cluded in our sample. Although a previous study 
reported in a significant relationship between the 
skin-stone distance and PUL, the same authors 
did not reveal a similar relationship between this 
complication and the skin-calyx distance, which 
is a confusing finding (18). In our study, we found 
that skin-parenchyma distance was not associated 
with PUL.

Recently, the routine placement of a ne-
phrostomy tube after an uncomplicated PCNL and 

Figure 1 - Nomogram and scoring system predicting urinary leakage after PCNL. The scoring system is based on radiological 
(parenchymal thickness, hydronephrosis grade) and surgical parameters (nephroscopy time). Parenchymal thickness (1–5 
points), nephroscopy time (1–3 points), and hydronephrosis grade (1–3 points) are summed to provide a total score ranging 
from 3 to 11 points.
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Figure 2 - Receiving operator characteristic curve for predicting urinary leakage based on the nomogram and the scoring 
system. (a) The area under the curve (AUC) value of the nomogram was 0.811 (95% CI: 0.767-0.855) with an optimal cut-off 
value of 14.96%, at which it had a sensitivity of 77.2% and specificity of 74.2%. (b) The AUC value of the scoring system was 
0.793 (0.745-0.841) with an optimal cut-off value of 6.5, at which it had 76.1% sensitivity and 71.0% specificity.

Figure 3 - Stacked bar graph of the classification of urinary leakage risk as low, moderate, and high based on our score. 
Based on novel scores, the patients were divided into the risk groups of low (3-6), moderate (7-9), and high (10-11), which 
were found to have the PUL rates of 3.6%, 19.4%, and 80%, respectively.
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complete stone cleaning have been questioned, 
except in required cases, such as those with resi-
dual stones, the possibility of a second-look pro-
cedure, significant intraoperative blood loss, and 
urine extravasation. It has been suggested that ne-
phrostomy tubes cause postoperative discomfort 
and morbidities, such as urinary leakage and ble-
eding (24, 25). Therefore, there are studies suppor-
ting tubeless PCNL in the literature (25-27). In a 
study examining DJ catheter requirement due to 
urinary leakage after PCNL, Binbay et al. recom-
mended using the tubeless approach in the treat-
ment of small renal stones that are not complex 
(13). In another study conducted by Dirim et al., 
the prolongation of urinary leakage was determi-
ned to be in parallel with the time elapsed until 
the removal of the nephrostomy tube (14). In our 
study, a significant relationship was detected be-
tween the duration of nephrostomy tube use and 
PUL. To our knowledge, the effect of the dura-
tion of nephroscopy on urinary leakage from the 
nephrostomy tract after PCNL has not been pre-
viously evaluated. In the current study, the longer 
nephroscopy duration in the group with PUL can 
be explained by the greater stone burden and the 
higher number of staghorn stones in this group. 
We, therefore, determined that a longer duration 
of nephroscopy was a factor predicting PUL.

In previous studies, it has been shown that 
PCNL can be safely applied to patients with a his-
tory of ESWL or open nephrolithotomy with simi-
lar success and complication rates to those with no 
previous history of intervention (28, 29). Dirim et 
al. reported that a history of previous surgery or 
ESWL had no effect on urinary leakage following 
PCNL (14). Ansari et al. determined that a history of 
open surgery was not associated with PUL (18). Si-
milarly, in our study, there was no relationship be-
tween previous surgery or ESWL history and PUL.

We thought that excessive bleeding requi-
ring blood transfusion might influence the de-
velopment of PUL with the mechanism of small 
blood clot formation causing pelvicalyceal system 
obstruction. Usually, small blood clots cannot be 
detected easily using the currently available ra-
diological imaging tools. A previous study repor-
ted that there was no statistical correlation betwe-
en bleeding and PUL development necessitating 

Double-J stent placement (13). Similarly, in our 
study, bleeding requiring blood transfusion was 
similar between the groups.

The novel scoring system created in our 
study had 76.1% sensitivity and 71.0% specificity 
in predicting PUL after PCNL. In the risk classi-
fication for a novel scoring system to be easily 
applicable in daily practice, the rate of PUL was 
found to be 80% in the patients in the high-risk 
group and 19.4% and 3.6% in the moderate- and 
low-risk groups, respectively. Considering this in-
formation, we recommend that intraoperative DJ 
stents should be placed in patients determined to 
have a high risk according to this classification.

Although the factors predicting PUL in our 
study were those that were previously proven to 
affect this complication and the results did not 
cause any confusion, our study has certain limi-
tations. First, it had a retrospective and single-
-center design. Second, PCNL was performed on 
all patients with the same tract size, operation 
position, and lithotripsy technique, and the same-
-size nephrostomy tube and nephroscope were 
used. Third, since patients with intraoperative DJ 
stenting could not be included in the study, this 
may have possibly caused a bias in patient selec-
tion. Lastly, there was a relatively small number of 
patients with PUL. There is a need for prospective 
studies with larger series.

CONCLUSION

The novel scoring system presented in this 
study is easy to use and repeatable. The efficacy of 
the factors predicting urinary leakage in the sco-
ring system was demonstrated to be in agreement 
with the literature. In addition, this scoring system 
can be used as a predictive method to determine 
which patients should receive a DJ catheter intra-
operatively to shorten the length of hospital stay 
by estimating the risk of urinary leakage and to 
decrease additional anesthesia exposure due to 
postoperative DJ catheter requirement.

Compliance with Ethical Standards

All procedures performed in studies in-
volving human participants were in accordan-



IBJU | A NOVEL NOMOGRAM FOR URINARY LEAKAGE

826

ce with the ethical standards of the institutional 
and/or national research committee and with the 
1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The study 
protocol was approved by the Ethics Committee 
of the Turkish Ministry of Health Izmir Bozyaka 
Training and Research Hospital (Meeting/Decision 
No.2021/71).

CONFLICT OF INTEREST

None declared.

REFERENCES

1. Torricelli FCM, Monga M. Staghorn renal stones: what 
the urologist needs to know. Int Braz J Urol. 2020; 
46:927-33.

2. Koyuncu H, Yencilek F, Kalkan M, Bastug Y, Yencilek 
E, Ozdemir AT. Intrarenal Surgery vs Percutaneous 
Nephrolithotomy in the Management of Lower Pole 
Stones Greater than 2 cm. Int Braz J Urol. 2015; 
41:245-51.

3. Tefekli A, Ali Karadag M, Tepeler K, Sari E, Berberoglu 
Y, Baykal M, et al. Classification of percutaneous 
nephrolithotomy complications using the modified 
clavien grading system: looking for a standard. Eur Urol. 
2008; 53:184-90.

4. Alam R, Matlaga BR, Alam A, Winoker JS. Contemporary 
considerations in the management and treatment of 
lower pole stones. Int Braz J Urol. 2021; 47:957-68.

5. Qin P, Zhang D, Huang T, Fang L, Cheng Y. Comparison 
of mini percutaneous nephrolithotomy and standard 
percutaneous nephrolithotomy for renal stones >2cm: 
a systematic review and meta-analysis. Int Braz J Urol. 
2021; 47. Online ahead of print.

6. Yu DS. Gelatin packing of intracortical tract after 
percutaneous nephrostomy lithotripsy for decreasing 
bleeding and urine leakage. J Chin Med Assoc. 2006; 
69:162-5.

7. Xun Y, Wang Q, Hu H, Lu Y, Zhang J, Qin B, et al. Tubeless 
versus standard percutaneous nephrolithotomy: an 
update meta-analysis. BMC Urol. 2017; 17:102.

8. Thomas K, Smith NC, Hegarty N, Glass JM. The Guy’s 
stone score--grading the complexity of percutaneous 
nephrolithotomy procedures. Urology. 2011; 78:277-81.

9. Okhunov Z, Friedlander JI, George AK, Duty BD, Moreira 
DM, Srinivasan AK, et al. S.T.O.N.E. nephrolithometry: 
novel surgical classification system for kidney calculi. 
Urology. 2013; 81:1154-9.

10. Jeong CW, Jung JW, Cha WH, Lee BK, Lee S, Jeong SJ, 
et al. Seoul National University Renal Stone Complexity 
Score for Predicting Stone-Free Rate after Percutaneous 
Nephrolithotomy. PLoS One. 2013; 8:e65888.

11. Smith A, Averch TD, Shahrour K, Opondo D, Daels FP, Labate 
G, et al. CROES PCNL Study Group. A nephrolithometric 
nomogram to predict treatment success of percutaneous 
nephrolithotomy. J Urol. 2013; 190:149-56.

12. Jiang K, Sun F, Zhu J, Luo G, Zhang P, Ban Y, et al. Evaluation 
of three stone-scoring systems for predicting SFR and 
complications after percutaneous nephrolithotomy: a 
systematic review and meta-analysis. BMC Urol. 2019; 
19:57.

13. Binbay M, Sari E, Tepeler A, Erbin A, Savas O, Muslumanoglu 
AY, et al. Characteristics of patients requiring Double-J 
placement because of urine leakage after percutaneous 
nephrolithotomy. J Endourol. 2009; 23:1945-9.

14. Dirim A, Turunc T, Kuzgunbay B, Hasirci E, Tekin MI, 
Ozkardes H. Which factors may effect urinary leakage 
following percutaneous nephrolithotomy? World J Urol. 
2011; 29:761-6.

15. Fernbach SK, Maizels M, Conway JJ. Ultrasound grading 
of hydronephrosis: introduction to the system used by the 
Society for Fetal Urology. Pediatr Radiol. 1993; 23:478-80.

16. Tailly TO, Okhunov Z, Nadeau BR, Huynh MJ, Labadie 
K, Akhavein A, et al. Multicenter External Validation and 
Comparison of Stone Scoring Systems in Predicting 
Outcomes After Percutaneous Nephrolithotomy. J Endourol. 
2016; 30:594-601.

17. Brian R. Matlaga, Sam C. Kim, James E. Lingeman. 
Improving outcomes of percutaneous nephrolithotomy: 
Access. EAU Update Series 3, 37-43.

18. Ansari H, Tomar V, Yadav SS, Agarwal N. Study of predictive 
factors affecting the prolonged urinary leakage after 
percutaneous nephrolithotomy. Urol Ann. 2016; 8:60-5.

19. Kukreja R, Desai M, Patel S, Bapat S, Desai M. Factors 
affecting blood loss during percutaneous nephrolithotomy: 
prospective study. J Endourol. 2004; 18:715-22.

20. Uyeturk U, Gucuk A, Kemahli E, Dagistan E, Yildiz M, 
Yilmaz B, et al. Factors Influencing the Duration of Urine 
Leakage following Percutaneous Nephrolithotomy. Adv Urol. 
2014;2014:105709.

21. Skolarikos A, Alivizatos G, de la Rosette JJ. Percutaneous 
nephrolithotomy and its legacy. Eur Urol. 2005; 47:22-8.



IBJU | A NOVEL NOMOGRAM FOR URINARY LEAKAGE

827

22. Turna B, Umul M, Demiryoguran S, Altay B, Nazli O. How 
do increasing stone surface area and stone configuration 
affect overall outcome of percutaneous nephrolithotomy? J 
Endourol. 2007; 21:34-43.

23. Gücük A, Kemahlı E, Üyetürk U, Tuygun C, Yıldız M, 
Metin A. Routine flexible nephroscopy for percutaneous 
nephrolithotomy for renal stones with low density: a 
prospective, randomized study. J Urol. 2013;190:144-8. 

24. Tefekli A, Altunrende F, Tepeler K, Tas A, Aydin S, 
Muslumanoglu AY. Tubeless percutaneous nephrolithotomy 
in selected patients: a prospective randomized comparison. 
Int Urol Nephrol. 2007; 39:57-63.

25. Desai MR, Kukreja RA, Desai MM, Mhaskar SS, Wani KA, 
Patel SH, et al. A prospective randomized comparison of 
type of nephrostomy drainage following percutaneous 
nephrostolithotomy: large bore versus small bore versus 
tubeless. J Urol. 2004; 172:565-7.

26. Bellman GC, Davidoff R, Candela J, Gerspach J, Kurtz S, 
Stout L. Tubeless percutaneous renal surgery. J Urol. 1997; 
157:1578-82.

27. Limb J, Bellman GC. Tubeless percutaneous renal surgery: 
review of first 112 patients. Urology. 2002; 59:527-31; 
discussion 531.

28. Resorlu B, Kara C, Senocak C, Cicekbilek I, Unsal A. Effect 
of previous open renal surgery and failed extracorporeal 
shockwave lithotripsy on the performance and outcomes of 
percutaneous nephrolithotomy. J Endourol. 2010; 24:13-6.

29. Tugcu V, Su FE, Kalfazade N, Sahin S, Ozbay B, Tasci AI. 
Percutaneous nephrolithotomy (PCNL) in patients with 
previous open stone surgery. Int Urol Nephrol. 2008; 
40:881-4.

_______________________
Correspondence address:

Serkan Yarimoglu, MD
Department of Urology,

HSU Izmir Bozyaka Training and Research
Hospital, Saim Cikrikci

Karabaglar, Izmir, 35170, Turkey 
Telephone: + 90 55 5874-5789

E-mail: serkanyarimoglu@gmail.com


