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OBJECTIVE To apply urolithiasis scoring systems to the pediatric miniperc procedure and to compare their
predictive capability for postoperative outcomes.

MATERIALS AND
METHODS

Records from 2 referral centers of patients under 18 years of age who had the miniperc proce-
dure between 2010 and 2015 were retrospectively investigated. All patients included in the study
were graded by the same surgeon according to Guy’s and Clinical Research Office of the
Endourological Society (CROES) scoring systems using preoperative imaging methods. Patient
demographics and outcomes were compared according to the complexity of the procedure as graded
by each scoring system.

RESULTS The mean age of the 97 patients was 7.1 ± 5.2 (1-17) years. The mean stone burden and number
were 388.4 ± 233.9 mm2 and 1.5 ± 1.3, respectively. The mean procedure, fluoroscopy, and hos-
pitalization times were 78.2 ± 32.8 minutes, 144.8 ± 84.3 seconds, and 4.1 ± 2.8 days, respec-
tively. The mean hematocrit drop was calculated as 2.2 ± 2.2. The mean scores were 1.7 ± 1.0
and 259.9 ± 50.6 for Guy’s and CROES scoring systems, respectively. In the multivariate analy-
sis, stone-free status was found to be associated with Guy’s (r: −0.464, p: .000) and CROES
(r: 0.490, : 0.000) scoring systems and stone burden (r: −0.161, p: .041). In the analysis of factors
related to complication, Guy’s score was identified as an independent predictor of complication
(p: .02, odds ratio: 1.9, 95% confidence interval 1.097-3.319).

CONCLUSION According to our results, using Guy’s and CROES scoring systems, stone-free ratios after percu-
taneous nephrolithotomy may be predicted preoperatively. In addition, Guy’s system is a predic-
tor of postoperative complication rate. UROLOGY ■■: ■■–■■, 2016. © 2016 Elsevier Inc.

In pediatric patients, percutaneous nephrolithotomy
(PNL) is commonly chosen as a first-line treatment for
renal stones larger than 2 cm due to its safety and

efficiency.1 Although adult-size instruments were previ-
ously employed, due to technological advances resulting
from miniaturized surgical instruments, surgical interven-
tion as a method to treat pediatric stones has been further
developed and altered.2 With the application of adult-
size instruments in pediatric cases, increased complica-
tion rates were observed after PNL.3 To reduce complications
and expand the use of PNL, the “miniperc” technique has
been developed for treatment of pediatric calculi.4

The grading systems were developed to precisely predict
the operation results during the preoperative period, to rec-
ognize complex cases and to refer the challenging cases to
more experienced centers. Different scoring systems were
defined for different surgical approaches, and 3 popular
scoring systems were defined for PNL in the literature. In
previous studies, these scoring systems have been re-
ported to predict the operation results.5-7

Initially, these scoring systems were developed for adult
patients. Although the PNL procedure is not technically
different in adults compared with pediatric patients, PNL
is regarded as a more difficult procedure in pediatric cases
due to the smaller size and more fragile structure of the
kidneys. Among the scoring systems, only the S.T.O.N.E.
nephrolithometry system has been applied in children.8 No
previous studies have compared these scoring systems in
children.

MATERIALS AND METHODS
After obtaining local ethics committee approval, records from 2
referral centers of patients under 18 years of age who had the
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miniperc procedure between 2010 and 2015 were retrospec-
tively investigated. Patient demographics, including age, sex,
history of previous treatment, stone location and burden, pres-
ence of anatomical abnormality, and perioperative variables (op-
eration, fluoroscopy, and hospitalization time, access site, location,
and success and complication rates), were collected. The ap-
proval forms for the procedure were taken from all patients or
parents.

All patients were evaluated with laboratory tests (serum cre-
atinine, electrolytes, coagulation profile, urinalysis, complete blood
count, and urine culture) and imaging methods [plain radiogra-
phy of kidneys, ureters, and bladder (KUB); renal ultrasonogra-
phy; intravenous urography; or computed tomography (CT)]. Stone
surface area was assessed using the following formula:
length × width × 3.14 × 0.25 as previously described in the
literature.9

Measurements and Patient Grading
All patients included in the study were graded by the same surgeon
according to the Guy and Clinical Research Office of the
Endourological Society (CROES) scoring systems using preop-
erative imaging methods as defined previously in the literature.
For the Guy scoring system, patients were classified into grade
1, 2, 3, or 4 depending on the stone number, location, and stag-
horn status and anatomical abnormality.5 For the CROES system,
the patients were divided into 4 groups using the scores re-
ported by Smith et al.6 Patient demographics and outcomes were
compared according to the complexity of the procedure as graded
by each scoring system.

Surgical Technique
All the procedures were performed under general anesthesia by
urologists experienced with PNL. A 5Fr ureter catheter was in-
serted up to the collecting system in the lithotomy position. Later,
the patient was positioned in prone. With a retrograde injec-
tion of opaque medium, the calyceal system was monitored com-
pletely, and, consequently, the entrance calyx was determined.
Entrance to the renal collecting system was performed using the
18G access needle under the guidance of fluoroscopy. The tract
was dilated over a hydrophilic guide wire inserted into the col-
lecting system using Amplatz dilators up to 14-20Fr. Stone dis-
integration was performed with the Ho:yttrium aluminum garnet
laser through a rigid nephroscope (9.5, 12 or 17Fr nephroscope).
An additional tract was created when required. At the end of
the operation, stone-free status was evaluated with endoscopic
and fluoroscopic imaging. A nephrostomy tube was inserted de-
pending on surgeon preference regarding the presence of bleed-
ing, residual stone, and collecting system perforation.

On postoperative day 1, the patients were evaluated with labo-
ratory tests and KUB. The urethral catheter was removed on the
1st day, the nephrostomy was removed on the 2nd or 3rd day,
and the patients who did not have any complications were dis-
charged. Stone-free status was assessed with KUB and US in the
4th week control visit. Success was defined as the lack of re-
sidual fragments.

Statistical Analysis
Statistical analysis was performed by SPSS software version 22
(SPSS Inc, Chicago, IL). Numerical variables are presented as
means ± standard deviation. Categorical variables are described
as absolute number and percent frequency. Independent sample
(t) test and chi-square tests were used to analyze continuous and
categorical variables, respectively. Multivariate logistic regression

analysis was used to identify independent predictors for postop-
erative outcomes. Pearson correlation analysis was done for
correlation.

The area under the curve, calculated by receiver operating char-
acteristic curve, was used to assess the predictive ability of the
independent predictors. All p-values were 2-tailed, with statis-
tical significance set at 0.05 and confidence intervals were cal-
culated at the 95% level.

RESULTS
The mean age of the 97 patients (48 boys and 49 girls) was
7.1 ± 5.2 (1-17) years. The mean stone burden and number
were 388.4 ± 233.9 mm2 and 1.5 ± 1.3, respectively. Stag-
horn stone (partial and complete) ratio was 24.7%. The
patient demographics and perioperative data are summa-
rized in Table 1.

The mean procedure, fluoroscopy, and hospitalization
times were 78.2 ± 32.8 minutes, 144.8 ± 84.3 seconds, and
4.1 ± 2.8 days, respectively. The mean hematocrit drop was
calculated as 2.2 ± 2.2. The mean tract number was cal-
culated as 1.0 ± 0.2 (1-2). Stone-free status was achieved
in 72 of the cases (74.2%) after the first miniperc session.
After additional treatment was applied, 89 patients (91.7%)
were rendered as stone-free. The mean scores were 1.7 ± 1.0
and 259.9 ± 50.6 for the Guy and CROES scoring systems,
respectively.

Stone location, stone complexity, stone burden, the
CROES and Guy scoring systems, and scopy time were sta-
tistically associated with the procedure success rate (p: .001,
p: .000, p: .001, p: .000. p: .000, p: .001, respectively). In
the multivariate analysis, stone-free status was found to be
associated with the Guy and CROES scoring systems and
stone burden. Whereas Guy score (r: −0.464, p: .000) and
stone burden (r: −0.161, p: .041) were negatively corre-
lated with success rate, a positive correlation between the
CROES score and the success rate (r: 0.490, p: .000) was
detected. Figure 1 presents the area under the curve and
receiver operating characteristic curves. The CROES scoring
system had the highest accuracy for predicting the success
of miniperc in this pediatric population.

In our series, a total of 12 (12.4%) complications oc-
curred postoperatively. In the assessment of factors related
to complication rate, presence of hydronephrosis (p: .03),
Guy’s score (p: .01), scopy time (p: .03), duration of hos-
pitalization (p: .01) was found to be predictors. On mul-
tivariate analysis, only Guy’s score was identified as an
independent predictor of complication [p: .02, odds ratio
(OR): 1.9, 95% confidence interval (CI) 1.097-3.319].

COMMENT
Urinary stone disease is a rare condition in pediatric pa-
tients with a prevalence of 2%.10 Minimally invasive
methods are preferred treatment options because the re-
currence risk of stones is high in the pediatric group. PNL,
in experienced hands, can be performed confidently and
efficiently, with a high stone-free rate and low additional
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Table 1. Comparison of patients’ demographics, perioperative variables, and scores according to the procedure outcome

Not Stone-free Stone-free Overall P-value

N (%) 25 (25.8) 72 (74.2) 97
Gender, n (%) .524

Boy 12 (48) 36 (50) 48 (49.5)
Girl 13 (52) 36 (50) 49 (50.5)

Age, mean ± SD 8.4 ± 6.3 6.6 ± 4.7 7.1 ± 5.2 .136
Stone burden (mean ± SD) 514.5 ± 236.3 344.8 ± 217.9 388.4 ± 233.9 .001
Side, n (%) .595

Right 16 (64) 46 (63.9) 62 (63.9)
Left 9 (36) 26 (36.1) 35 (36.1)

Mean BMI (kg/m2) 21.6 ± 4.5 21.5 ± 4.0 21.5 ± 4.1 .888
Stone number (n) 1.9 ± 1.1 1.4 ± 1.3 1.5 ± 1.3 .086
Stone location .001

Upper pole 6 (24) 21 (29.2) 27 (27.8)
Middle pole 0 (0) 1 (1.4) 1 (1)
Lower pole 1 (4) 0 1 (1)
Renal pelvis 2 (8) 33 (45.8) 35 (36.1)
Multiple locations 16 (64) 17 (23.6) 33 (34)

Stone complexity .000
Yes 16 (64) 17 (23.6) 33 (34)
No 9 (36) 55 (76.4) 64 (66)

Partial or complete staghorn, n (%) .333
Partial staghorn 7 (43.5) 9 (56.25) 16
Complete staghorn 5 (37.5) 3 (62.5) 8

Hydronephrosis, n (%) .496
Yes 16 (64) 48 (66.7) 64 (66)
No 9 (36) 24 (33.3) 33 (34)

CROES score (mean ± SD) 221.4 ± 43.9 272.1 ± 45.9 259.9 ± 50.6 .000
Guy’s score (mean ± SD) 2.6 ± 0.9 1.4 ± 0.8 1.7 ± 1.0 .000
Operation time (minutes) 87.8 ± 33.3 75.2 ± 31.4 78.2 ± 32.8 .110
Scopy time (second) 191.2 ± 108.5 128.0 ± 67.1 144.8 ± 84.3 .001
Access number (n) 1.0 ± 0.2 1.0 ± 0.1 1.0 ± 0.2 .764
Hematocrit drop (%) 2.2 ± 2.3 2.2 ± 2.2 2.2 ± 2.2 .991
Hospitalization (day) 3.8 ± 2.3 4.2 ± 3.0 4.1 ± 2.8 .554
Complication, n (%) 4 (16) 8 (11.1) 12 (12.4) .372

BMI, body mass index; CROES, Clinical Research Office of the Endourological Society; SD, standard deviation.

Figure 1. Receiver operating characteristic curves of Clinical Research Office of the Endourological Society and Guy stone
scores.

ARTICLE IN PRESS

3UROLOGY ■■ (■■), 2016



treatment requirements.11,12 With the increased experi-
ence of urologists and miniaturized surgical instruments,
PNL has become a standard treatment in pediatric patients.

In pediatric patients, the renal parenchyma is quietly
fragile and has a relatively small collecting system surface
area; therefore, performing the PNL procedure with adult-
size instruments may not be optimal. In a study by Desai
et al,13 the intraoperative bleeding rate and hemoglobin
drop were found to be associated with tract size in chil-
dren; therefore, to prevent parenchymal damage and bleed-
ing complications, the usage of miniaturized instruments
(miniperc) is recommended in children. In our study, the
tract diameter utilized was between 14 and 20 Fr.

With the widespread application of PNL, several studies
have been conducted to predict the postoperative out-
comes preoperatively. Many factors related to the patient,
stone, and procedure that may affect the results have been
investigated by researchers.14-19 As a result of these studies,
several scoring systems were developed (Guy, CROES, and
S.T.O.N.E.).5-7 These scoring systems allow the evalua-
tion of complex cases during the preoperative period to refer
the patients to the appropriate referral centers. Further-
more, they provide the standardization of the PNL results
to compare with other series.5-7 In recent years, the inves-
tigators advise the use of scoring systems that can predict
the PNL results with the help of preoperative imaging
techniques.5-7,20-23

In the Guy scoring system, with the evaluation of stone
localization, staghorn status, and anatomical anomalies de-
tected with imaging techniques, the patients are graded
between grades 1 and 4.5 In the first study, the grading was
performed with KUB, whereas later studies using CT and
intravenous urography images were also reported.20 In con-
trast, the CROES scoring system includes the radiologi-
cal findings (stone localization, and burden and staghorn
status) along with many variables, such as the annual PNL
case volume of the center and history of previous treat-
ment methods (eg, ureteroscopy, shockwave lithotripsy, open
surgery, or PNL).6 The Guy scoring system is reproduc-
ible and easily available in clinical practice, whereas the
CROES scoring system is more difficult to perform because
this method includes more comprehensive data.

The S.T.O.N.E. scoring system is the abbreviation of the
initial letters of 5 parameters (stone size, tract length, ob-
struction, number of calyces retained, and stone density).7

Preoperative CT is mandatory to measure stone density and
tract length. Because CT was not performed in all pedi-
atric patients due to the concern of high radiation expo-
sure, we did not assess the S.T.O.N.E. scoring system in
this study.

The available scoring systems were developed and used
in adults. In a study by Thomas et al, the Guy scoring system
was determined to be correlated with the stone-free rate
but not the complication rates. In this study, the research-
ers reported that the Guy score properly predicts the stone-
free ratio after PNL.5 In a study by Vicentini et al, the Guy
score was determined to be highly effective in predicting
the success and complication rates of PNL.20 In a study by

Sinha et al, the Guy score was defined as an excellent tool
to predict the stone-free rates in the preoperative period.23

Labadie et al compared the Guy, S.T.O.N.E., and CROES
scoring systems and determined that all 3 scores had similar
capabilities in predicting PNL results.21 In a large series of
studies, Bozkurt et al compared the Guy and CROES no-
mograms and found that both scores were similar in pre-
dicting stone-free rates after PNL.22 These scoring systems
were used in pediatric age groups in only 2 studies.8,24 First,
in a study by Doulian et al, the children with upper urinary
tract stones were graded with the S.T.O.N.E. scoring system.8

The researchers reported that this scoring system may predict
the procedure complexity, hospitalization period, and com-
plication rate and suggested that system, initially adopted
for adults, should be modified because of the pediatric renal
anatomy. In another study, Goyal et al determined that stone
size, complexity, Guy score, tract size, access number, and
operation time were significantly associated with
complications.24 However, in the multivariate analysis, only
the operation time was defined as an independent risk factor
for complications of the procedure.

To our knowledge, our study is the first to compare the
capability of the Guy and CROES scoring systems to predict
miniperc outcomes in the pediatric group. In this study,
we found that both the Guy and CROES scoring systems
and stone burden are important determinants of the success
of miniperc. In our study, the CROES score has the highest
accuracy in predicting miniperc success. We also de-
tected that only Guy’s score was identified as an indepen-
dent predictor of complication.

Stone burden is an important parameter in all of the
scoring systems, whereas in our study, stone surface area
was also an important parameter affecting the outcome of
the procedure. In the aforementioned scoring systems, stone
burden, tract length, and case volume are the main pa-
rameters and calculated using the data of the adult cases.
Besides these factors, we believe that the age of the pedi-
atric case should be another factor making the PNL pro-
cedure more challenging. We believe that the complexity
of the PNL procedure should be upgraded in pediatric cases
because of relatively small collecting system, and small and
mobile kidney. All of these facts reveal that those scoring
systems should be modified for pediatric cases.

The retrospective and multi-centered nature of this study
is the primary limitation of the study. Nevertheless, this
study is the first to evaluate the role of the Guy and CROES
scoring systems in the prediction of PNL success in pa-
tients under the 18 years of age.

CONCLUSION
In this study, we have determined that the Guy and CROES
scoring systems are useful tools to predict miniperc out-
comes in pediatric population. According to our results,
using Guy’s and CROES scoring systems, stone-free ratios
after PNL may be predicted preoperatively. Guy’s score is
found to be an important predictor of postoperative
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complication. Further studies involving a larger number of
patients are warranted.
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