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Abstract

Background/Aim: Urinary system stone disease develops with a frequency of
1-20 % in the general population. There are various surgical methods and per-
cutaneous nephrolithotomy (PCNL) is a commonly used treatment method, es-
pecially in large, staghorn kidney stones. Aim of this study was compare stone
nomograms in forecasting operative and complicating parameters subsequent
to PCNL in staghorn stones.

Methods: The study analysed 66 patients with staghorn stones who underwent
PCNL between 2017 and 2022, retrospectively. The researcher evaluated the
Guy, S.T.0.N.E. and CROSS nephrolithotomy scores in patients using non-con-
trast computed tomography. The Clavien Dindo Classification was used to eval-
uate the surgical complication.

Results: The mean stone burden, GUY, S.T.0.N.E. and CROES scores were 1114.9
+ 520.18 mm?; 3.64 + 0.48; 10.11 + 1.2 and 142.9 + 31.99, respectively. Total
stone-free status (SFS) was achieved in 37.9 % of the patients, while the medi-
an stone clearance rate was 93.74 (50-100). While no statistical significance
was observed between GUY score and SFS, it was observed in S.T.0.N.E. and
CROES scores (p = 0.020 and 0.004, respectively). ROC analysis showed that
CROES and S.T.0.N.E. scoring systems and the stone burden parameter showed
similar accuracy in the estimation of SFS. The results showed that only the
S.T.0.N.E. score showed a significant relationship with the presence of compli-
cations (p = 0.034).

Conclusion: If the percutaneous nephrolithotomy for staghorn stones in ques-
tion is, current scoring systems alone couldn't be predictive for postoperative
outcomes and degree of complications. Further large scale multicentre pro-
spective studies are needful.
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Introduction

Urinary system stone disease develops with a  various surgical methods, especially endourolog-
frequency of 1-20 % in the general population de-  ical for stone treatment. Percutaneous nephroli-
pending on geographical, climatic, ethnic, nutri- thotomy (PCNL) is a commonly used treatment
tional and genetic factors,! 15-20 % of these pa- method, especially in large, staghorn Kkidney
tients require invasive intervention.”? There are  stones.** However, it has been reported that the
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advantage of reduced operation time, low com-
plication rate and short hospitalisation achieved
by endourological stone surgery on non-staghorn
stones cannot be achieved in the staghorn stone
group with a higher residual stone rate.® Influ-
encing parameters on postoperative outcomes,
patient’s anatomical and stone related factors,
as well as surgical experience.® Different scoring
systems were designed to evaluate stone free
score (SFR’s) preoperatively by using various
clinical and radiological parameters. Guy’s stone
score (GSS), S.T.O.N.E. nephrolithometry score
and Clinical Research Office of the Endourolog-
ical Society (CROES) nephrolithometry nomo-
gram are the best-known stone scores.’

It is important to use a reliable scoring system
to predict PCNL outcomes. This study aimed to
compare value of renal scoring nomograms in
predicting PCNL with staghorn stones.

Methods

Retrospective analysis of 400 patients with stag-
horn stones who underwent PCNL surgery be-
tween 2017 and 2022 was performed. Patients
with bleeding diathesis, multiple comorbidities,
non-standard PCNL and those with missing data
were not included in the study. The remaining 66
patients were divided into two groups according
to their stone-free status (SFS), 25 patients with-
out stones in Group 1 and 41 patients in Group
2 with stone remnants after PCNL. The groups
were compared to their demographic features,
stone characteristics and operative parameters
(nephrostomy length of stay, location and suc-
cess, operation time and complications). Clavien
grading system was used to evaluate postoper-
ative complications. Biochemistry and complete
blood count (CBC), kidney function analysis and
haematological changes were recorded at most
1 week before the surgical procedure and on the
1st postoperative day.

Classifying of postoperative complications were
performed by the valid Clavien score for PCNL.
Low dose non contrast computerised tomogra-
phy (NCCT) and/or urography (only in complex
cases), stone size (in mm? by multiplying the
two longest dimensions), stone burden (by for-
mula length x width x m x 0.25),!? stone density
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(Hounsfield Unit), skin-to-stone distance (mm)
as well as estimation of the most appropriate
percutaneous access site with renal calyx anat-
omy were provided. S.T.0.N.E., GSS and CROES
nomograms were calculated by the endourolo-
gists who mostly perform stone surgery in daily
practice. Scoring started from Grade 3 in GSS and
7 in S.T.0.N.E. score due to the presence of stag-
horn stones. When calculating the CROES score,
the average case volume for authors’ clinic were
200 per year. While the literature was taken as
a basis for the categorisation of the scores, only
STONE 9-13 were evaluated by dividing into two
classes.!

PCNL procedure started with 5 French (F)
open-ended hydrophilic ureteral catheters (Plas-
ti-med) retrograde placement in the involved kid-
ney under general anaesthesia with 3rd genera-
tion cephalosporin prophylaxis and continued in
prone position. With the initial puncture needle
(18 G/20 mm/2 piece, Plasti-med), retrograde
contrast was given under fluoroscopy and poste-
rior calyx access was provided. Renal access was
performed by entering a nephrostomy balloon di-
lator (nephroflex) up to 12 F after amplatz dilator
and a 24 F nephroscope (Alken-Hohenfellner, Karl
Storz, Germany) through a 30 F amplatz sheath.
Stones were broken into piece by using pneumat-
ic and ultrasonic lithotripters. After endoscopic
and fluoroscopic stone free were achieved, a 14
F malecot nephrostomy set was placed in the kid-
ney.

On the postoperative 1st day, both stone-free and
pleural injury control were performed with di-
rect urinary system radiography (X-ray kidney,
ureter and bladder - KUB) and chest radiography.
The patients were discharged after removal of the
nephrostomy catheter, according to the dryness
of the tract. Patient controls were provided with
postoperative 1st month with urine analyses,
X-ray KUB and ultrasonography and 3rd month
with low dose NCCT. Absence of residual stones,
including clinically insignificant fragments up to
4 mm, was a necessary condition for the success
of the procedure.

Ethical approval

The ethics committee approval of this study was
obtained from local institution Ethic Committee
on 02/2023 (No 2023/02/09/009). Informed con-
sent from the patients was obtained.
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Statistical analyses

Statistical analysis study data was document-
ed with Microsoft Excel 2019 and IBM SPSS and
Statistics Standard GradPack was used for sta-
tistical analysis. After the normality test of the
variables, the comparison of categorical and con-
tinuous variables was done with Chi-square or
Fisher’s exact test. The strength and direction of
the relationship between two continuous vari-
ables was analysed using the Spearman rank cor-

Results

Forty-six of the 66 patients eligible for the study
were male and 36 patients were operated for left
kidney stones. Seventy percent of 10 patients with
partial staghorn stones were in the stone free
group and showed statistical significance with
the gender variable (p = 0.034, p = 0.015, respec-
tively). Mean age and BMI were 50.30 + 14.1 years
and 25.95 + 3 kg/m? respectively. The mean stone
burden, GSS, S.T.0.N.E. and CROES scores were
11149 + 520.18 mm?; 3.64 + 0.48; 10.11 + 1.2 and
142.9 + 31.99, respectively (Table 1).
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relation coefficient. Receiver operating charac-
teristic (ROC) curves were generated to estimate
the predictive value of stone scoring systems and
preoperative stone burden for postoperative SFS.
Regression analyses were performed to identify
the likely relationship between stone scoring sys-
tems and preoperative stone burden among pre-
dicted blood loss (EBL), LOS, SFS and complica-
tions. P < 0.05 value was considered statistically
significant.

Total SFS had 37.9 % of the patients, while the
median stone clearance rate (SCR) was 93.74
(50-100). S.T.O.N.E. score and CROES nomogram
showed statistical significance for SFS (p = 0.020
and 0.004, respectively), while GSS could not be
associated with SFS (p = 0.09). Complications
were not observed in 54.5 % of the cases. Clavien
1 group were 6.1 % and 13.6 %; Clavien 2 group
rates were 4.5 % and 6.1 % and Clavien 3a group
rates were 4.5 % and 7.6 % in the stone free and
non-stone free groups, respectively. Clavien 3b

Table 1: Patients’ demographics and stone characteristics according to stone free status (SFS)

Parameters SFS: Yes SFS: No p-value
Age (years) 53.4 (13.4) 48.41 (14.3) 0.214
BMI (kg/m?) 25.9(2.8) 26 (3.2 0.963
Gender

Male 13 (28.3) 33(71.7) 0.015*

Female 12 (60.0) 8(40.0)

The Guy’s stone score 3.52(0.5) 3.71(0.5) 0.128
The STONE nephrolithometry score 9.68 (1.2) 10.37 (1.1) 0.009
CROES nomogram score 156.20 (43.5) 134.7 (18.5) 0.011
Stone burden (mm?) 909.18 (397.1) 1240.30 (550.0) 0.014
Hounsfield unit 908.40 (351.6) 973.90 (278.0) 0.526
Skin to stone distance (mm) 80 (16.1) 80.60 (16.9) 0.905
Staghorn

Partial 7(70.0) 3(30.0) 0.034¥

Complete 18 (32.1) 38 (67.9)

Left side 15 (60.0) 21 (51.2) 0.487*
Hydronephrosis [n (%)] 9(36.0) 16 (39.0) 0.806*
Renal anomaly [n (%)] 1(1.5) 10.6) 0.143¥
Hypertension [n (%)] 8(32.0) 14.6) 0.094*
Diabetes [n (%)] 4(16.0) 19.5) 1.00¥
CAD [n (%)] 5(55.6) (44.4) 0.282¥
CKD [n (%)] 3(12.0) 2(4.9) 0.359¥
COPD [n (%)] 2(8.0) 3(7.3.0) 1.00¥
CVO [n (%)] 1(4.0) 1(2.4.0) 1.00

*Pearson Chi-square; ¥: Fisher’s exact test; Values are presented as N (%) or mean (SD); CAD: coronary
artery disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; BMI: body

mass index;
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complications were observed in 1 patient for re-
sidual stone group, Clavien 5 complications were
observed in 1 patients for stone free group. The
only scoring that showed a significant relation-
ship with the presence of complications was the
S.T.0.N.E. score (p = 0.034). The relationship be-
tween the three categorised scoring systems, SFS
and complications is detailed in Table 2.

A robust correlation was noticed between the no-
mograms. The study found a positive correlation
between the Guy’s scoring system and operat-
ing table time (OTT) only (r = 0.328, p = 0.007).
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On the other hand, the S.T.0.N.E. score systems
was positively correlated with OTT (r = 0.355, p
= 0.002), while being negatively correlated with
SCR (r = -0.378, p < 0.001). The only parameter
that showed a strong correlation with all of the
OTT, EBL and SCR parameters was the CROES
score (Figure 1).

AUC and ROC curves showed that the STONE and
CROES scoring systems and the stone burden pa-
rameter showed similar accuracy in the estima-
tion of SFS (Figure 2) (p =0.013; 0.012 and 0.014,
respectively).

Table 2: The relationship between nephrolithometric scoring systems, stone-free status and complications

Scoring system SFS: Yes SFS: No p-value Complications p-value
The Guy’s stone score
Grade 3 12 (18.2) 12 (18.2) 0187 13(19.7) 019"
Grade 4 13 (19.7 29 (43.9) 17 (2
The STONE nephrolithometry score
7-8 3(4.5) 2(3.0) 3(4.6)
9-10 18 (27.3) 19 (28.8) 0.020% 21(31.8) 0.013~
11-13 4(6.1) 20(30.3) 6(9.0)
CROES nomogram score
<130 6(9.1) 23(34.9) 14 (21.2)
130-169 12 (18.2) 17 (25.8) 13(19.7)
0.004¥ 0.339*
170-219 4(6.1) 1(1.5) 1(1.5)
>219 3(4.5) 0(0.0) 2(3.0)
¥: Fisher-Freeman-Halton Exact Test; *One-way ANOVA test; SFS: Stone free status;
e A
Statisti
Correlations === Spearman's rho CROéS :::mogram Sig. (1-tailed)
= Spearman's rho OTT (min) r=-400 p<0,001
=== Spearman's rho EBL (gridl) r=-0 304 p=0,006
= Spearman's rho SCR r=-0,306 p=0,006
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Figure 1: Correlation line graphs between the CROES score and operation time table (OTT), estimated blood loss (FBL) and stone

clearance rate (SCR)



B Yimaz and Cil. Scr Med 2023 Sep;54(3):253-9.

057

( )
ROC Curve
10
| Source of the Curve
S.T.0.N.E. Score [AUC:0317 [0,185-
/J’ 0,449); p=0013]
____Stone Burden [AUC:0,320 (0,189-0 450);
el p=0014] [
CROES Nomogram [AUC:0 686 (0,542-
0,830); p=0,012]
——Reference Line
é’ 06
=
=
.g )
s /
D g4 v
L.
02|+
0,0
00 02 04 06 08 10
1 - Specificity
Diagonal segments are produced by ties
_ J

Figure 2: Receiver operating curves (ROCs) and values for S.T.0.N.E. score, stone burden and CROES nomagram in predicting

stone-free status (SFS)

Table 3: Linear and logistic regression analyses of stone burden and nephrolithometry scoring
systems on operative parameters

B-coeff? / 95 % Cl

Variables ORs® Lower Upper p-value
SCR

The STONE nephrolithometry score -0.538° -14.460 -1.350 0.019

CROES nomogram score 0.3042 1.110 9.110 0.013
OTT (min)

CROES nomogram score -0.3342 -2.360 -0.021 0.021

The Guy’s stone score 0.282 3.390 41.900 0.022
EBL

CROES nomogram score -0.351° -0.027 -0.003 0.017
Complication

The Guy’s stone score 0.118° 0.025 0.616 0.017

Stone burden (mm?) 1.002° 1.000 1.003 0.031

OTT: Operation table time; SCR: Stone clearance rate; EBL: Estimated blood loss; coeff: coefficient; OR: odds ratio; Cl:

confidence interval;

Linear regression coefficient test showed that only
CROES nomogram was statistically significant
with SCR, OTT and EBL (Table 3), (p = 0.017). Lo-
gistic regression analysis showed that each unit
increased in GSS and stone burden parameters
corresponds to an increase of 0.118 and 1.002
units in the risk of complications, respectively
(Table 3).

Discussion

It is important to predict complications and
stone-free rates after PCNL operations in the pre-
operative period.'* > The scoring system should
be feasible, basic, uncomplex and rapid, as well as
showing the SFR and the possibility of complica-
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tions.'® However, there is no consensus on which
scoring system is better.

Some of prior studies on GSS showed considerable
correlation in terms of SFR. In a study, Yarimog-
lu et al compared S.T.0.N.E. score systems with
a total 160 patients, they found a considerable
corelation between the GSS and SFR. In the study
conducted by Khan et al, the performance of the
GSS and S.T.O0.N.E. score systems were compared
in predicting SFR after PCNL in 190 patients. The
study found that GSS importantly correlated with
SFR.1®

Kumsar et al found Guy score insignificant in
their study to predict SFR after PCNL.” In pre-
sented study no correlation between Guy’s scores
and SFR was found. The limited number of pa-
tients in groups GS 2, 3 and 4 may be effective on
no correlation between GSS and SFR, contrary to
the relationship found in previous studies. Singla
et al compared the renal scoring nomograms to
predict SFR after PCNL and found the CROES no-
mogram was significant.?’ In this study, S.T.0.N.E.
and CROES nomograms significantly correlated
with SFR.

Some variables of stone characteristics and pa-
tient anatomy that predict SFR and complication
probability after PCNL have been defined in var-
ious studies and various predictive models have
been created.??3 In presented study, it was found
that male gender, stone burden and the partial
staghorn stones corelated with the SFR.

It is important to know the possibility of postop-
erative complications such as urinary extravasa-
tion, sepsis, colon or pleural injuries and to take
precautions accordingly in the preoperative pe-
riod.Y” Clavien classification was used to grade
postoperative complications. In a study, Lai et al
found significantly correlated S.T.0.N.E., CROES
and Guy’s scores in detecting post-operative com-
plications.'* To predict post-operative complica-
tions after PCNL, Singla etal compared renal scor-
ing nomograms and found weak correlations.?’ In
this study S.T.0.N.E. and CROES nomograms were
significantly correlated with Clavien classified
complications but Guy’s score showed negative
correlation with post-operative complications.
However, categorically only S.T.O.N.E. scoring
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system showed correlation. According to Spear-
man correlation analysis results, GSS was only
related to operating table time, S.T.0.N.E. scoring
system correlated with both operating table time
and SFR and the CROES scoring system correlat-
ed with operating table time, SFR and EBL.

Stone scoring systems are important to inform
patients about SFR and complication risk before
PCNL. CROES and S.T.0.N.E scoring systems were
correlated with SFR both mean and categorical-
ly but no correlation was found with GSS. None
of scoring systems were significantly correlated
with Clavien classified complications, only the
S.T.0.N.E. scoring system was categorically sig-
nificant with presence of complication but not
Clavien grading system. Although Guy’s score
showed a negative correlation with postopera-
tive complications, when look at the logistic re-
gression analysis, it was found to be significant
together with stone burden. Presented results
found that S.T.0.N.E. scoring system was more
successful in showing postoperative complica-
tions and SFR.

Conclusion

Only the S.T.0.N.E. score showed a significant
relationship with the presence of complica-
tions (p = 0.034). Currently, none of the nomo-
grams sufficiently predict the complications
and SFR of complex stones such as staghorn,
therefore, further large scale multicentre pro-
spective studies are needed to develop new
nomograms.
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