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ABSTRACT

Objective: To evaluate the efficacy and reliability of Guy’s (GSS), S.T.0.N.E., and CROES scoring systems developed to predict
percutaneous nephrolithotomy (PCNL) outcomes in aged patients.

Study Design: Descriptive study.

Place and Duration of Study: Department of Urology, Ministry of Health University Izmir Bozyaka Training and Research
Hospital and Department of Urology, Faculty of Medicine, Amasya University, Turkey, from April 2011 to January 2020.
Methodology: Patients aged 65 years and over, who underwent PCNL for kidney stones, were retrospectively analysed. The
patients’ clinical and perioperative characteristics and the radiological features of the stones were obtained from the prospec-
tively recorded data. GSS, S.T.0.N.E. and CROES nephrolithometry scores were calculated for each patient and their relation with
stone-free status, complications, and perioperative findings were analysed.

Results: A total of 147 patients were included in the study. Stone-free status was achieved in 76.0% of the patients, and compli-
cations developed in 27.2%. All three scoring systems were associated with stone-free status and complication development. GSS
(OR=0.213,p=0.005) and S.T.0.N.E. (OR=0.601, p=0.042) scores were detected as independent markers for stone-free status,
while the CROES score was not an independent marker. Only diabetes mellitus was determined to be an independent marker for
the development of complications (OR=2.375, p=0.045).

Conclusion: PCNL is an effective and safe treatment method with high stone-free rates in the treatment of large renal stones,
but care should be taken in terms of cardiac risks. The results of this study showed that GSS and S.T.0.N.E. scoring systems were
effective and reliable in predicting stone-free status.
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INTRODUCTION

Percutaneous nephrolithotomy (PCNL) is recommended as the
first-line treatment option with a high stone-free and accept-
able complication rates for kidney stones that are either refrac-
tory to extracorporeal shock wave lithotripsy (ESWL) or >2 cm
in diameter.! However, PCNL can become more complicated in
the presence of obesity, chronic kidney disease (CKD), comor-
bidities, and staghorn stones.’
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With the increase in life expectancy, the number of patients of
advanced age, who present to urology outpatient clinics for the
treatment of renal stones, is gradually increasing. In the litera-
ture, it has been stated that the risk of blood transfusion
increases with age, and increased age is also associated with
postoperative complications and mortality. When planning
treatmentin this risky patient group, the success and complica-
tionratesafter PCNLneedto be fullyknown.** However, theliter-
ature contains only a limited number of studies reporting PCNL
outcomes in elderly patients, and there seems to be no specific
standardisation.

Scoring systems have been developed to provide standardisa-
tion in reporting PCNL outcomes. The developed scoring
systems are used for clinical decision, evaluation of surgical
outcomes, counselling patient. Guy’s stone scoring (Guy's SS),
S.T.O.N.E. nephrolithometry, and CROES nomogram are most
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commonly used scoring systems in urology practice. Guy’s SS
categorises patients into four grades (grade I-IV) according to
stone burden and renal anatomy based on radiological
findings.’The S.T.0.N.E. scoring system consists of five parame-
tersabbreviated as STONE. These parameters are (S) tone size,
(T) ract length, degree of (O) bstruction, (N) umber of calyces
involved, and stone (E) ssence (density).® CROES is a
nephrolithometricnomogramthatincludes patient characteris-
tics in addition to radiological findings, using the continuous
scaletogradesPCNLsuccess.’

Although there are studies evaluating the efficacy of Guy’s SS,
S.T.0.N.E.and CROES systems in patients with obesity and CKD
in the literature, there is no study evaluating the efficacy of
thesethreescoringsystemsinelderly patients.

Inthe currentstudy,theaimwastoevaluatetheefficacyandreli-
ability of Guy’s SS, S.T.0.N.E.and CROES scoring systems in this
patientgroup.

METHODOLOGY

Patients aged 65 years and over, who underwent PCNL for the
treatment of renal stones at the Ministry of Health University,
Izmir Bozyaka Training and Research Hospital, and Faculty of
Medicine, Amasya University, between April 2011 and January
2020, were retrospectively analysed after the approval of the
Ethics Committee of the Amasya University (Meeting/Decision
No.1/12.21). Patients with unavailable preoperative computed
tomography (CT) and laboratory data were excluded from the
study. The clinical features and perioperative characteristics of
the patients and the radiological features of the stones were
obtainedfromthe prospectively recorded data.

Clinical features included age, gender, body mass index (BMI),
history of comorbidities, American Society of Anesthesiologists
(ASA) score, extracorporeal shock wave lithotripsy (ESWL)
history, and stone surgery history. Stone characteristics were
stone burden, localisation and density. Perioperative charac-
teristicsreferredtothenumberofaccess, puncturelevel, opera-
tion time (OT), fluoroscopy time (FT), nephrostomy tube
removal time (NT), presence of residual stones, blood transfu-
sion requirement (BTR), length of hospital stay (LOS), and
complications. Stone burden was calculated in square millime-
ters using the ellipsoid formula: length x width xtx 0.25, where
1 is a mathematical constant equal to 3.14.% The estimated -
glomerular filtration rate (GFR) was calculated using the Cock-
croft-Gaultformula.’

PCNL were performed in the prone position under general anes-
thesia. After the ureteral catheter was inserted in the lithotomy
position, the patient was placed in the prone position, and
access to the pelvicalyceal system was provided with an 18-G
Chiba needle under fluoroscopy. After the guide wire was
confirmed to be in the pelvicalyceal system, the tract was
dilated up to 28 or 30-French with using Amplatz dilators. The
stone fragmentation was achieved by a pneumatic lithotripter.
Forceps were used in the extraction of the stones. At the end of

the procedure, a 14-f nephrostomy was placed under fluoros-
copy. The nephrostomy tube was clamped and removed on the
first or second postoperative day in the absence of fever or
marked hematuria. Fluoroscopy time was defined as the time
elapsed from the beginning of calyceal access procedure to the
insertion of the nephrostomy. OT was calculated as the time
from prone positioning to nephrostomy tube placement.

The patients were evaluated with kidney-ureter-bladder X-Ray
(KUB) at the first postoperative month. The patients with suspi-
cious opacity on the radiograph, symptomatic cases, or
patients with non-opaque stones were evaluated by CT. Stone-
free status (SFS) was considered to be achieved in patients with
stonesof <4 mmwithoutany symptom.

Guy’sSS, S.T.0.N.E., and CROES nephrolithometry scores were
calculated for each patient, and their correlation with SFS, OT,
FT, LOS, and BTR was evaluated. The patients were divided into
four groups (grades 1-4) according to Guy’s SS, four groups
according to CROES (grade 1:80-129, grade 2:130-169, grade
3:170-219, and grade 4:220-350), and three groups according
to S.T.0.N.E. (5-6, 7,-8, and 9-13)." Modified Clavien classifica-
tion system was used for grading postoperative complications
andalsoitsrelationship with scoring systems was examined.

Statistical analyses were performed with the Statistical
Package for the Social Sciences, version 21. Categorical data
were presented as numbers and percentages. Continuous data
that did and did not conform to normal distribution were
presented as mean x S.D and median (IQR: 25th-75th percen-
tile)". Theindependentt-testwasusedtocomparetwoindepen-
dent data with normal distribution, while the Mann-Whitney U-
test was conducted for data that were not normally distributed.

Pearson’s Chi-square, likelihood ratio orFisher’'s exacttest was
used to compare categorical data. Correlation analyses were
undertaken using Spearmen’s correlation coefficient (r). The
multivariate logistic regression analysis was used to evaluate
the factors associated with SFS and complication development.
Receiver operating characteristic (ROC) curves were applied to
analyse the predictive ability of the three scoring systems on
SFSandcomplications. Apvalue of <0.05 was considered statis-
tically significant.

RESULTS

A total of 147 patients, who met the inclusion criteria, were
included in the study. The median age of the patients, was 67
(65-71) years. The stone-free rate was found to be 76.0%. The
comparison of the demographic and perioperative characteris-
ticsofthe patientsaccordingtoSFS,isgiveninTablel.

Stone size, OT, FT, and LOS were found to be significantly lower
inthe stone-free group. Three scoring systems were found to be
significantlyassociatedwith SFS. Astatisticallysignificantcorre-
lation was found between all three scoring systems and SFS
(r=-0.544, r=-0.394 and r=0.451 all p<0.001 for Guy’s SS,
S.T.O0.N.E.,CROES, respectively).
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Table I: Comparison of the patient characteristics according to postoperative stone-free status.

Variables Stone free Not stone free p-value
(n=111) (n=35)

Age, years 67 (65-71) 68 (65.8-72) 0.680

Gender, n (%)

Female 51 (45.9) 11 (31.4) 0.130°

Male 60 (54.1) 24 (68.6)

BMI, kg/m’ 26.1(23.4-29.4) 27.6 (24-31.1) 0.931

Metabolic syndrome, n (%) 32 (28.8) 10 (28.6) 0.977°

Comorbidities, n (%)

Diabetes mellitus 26 (23.4) 11 (31.4) 0.342°

Hypertension 44 (39.6) 15 (42.9) 0.735®

Chronic kidney disease 7 (6.3) 2 (5.7) >0.999"

Previous history of

ESWL, n (%) 18 (16.2) 3(8.6) 0.261°

Ipsilateral surgery, n (%) 26 (23.4) 11 (31.4) 0.342¢

ASA category, n (%)

ASA | 3(2.7) 1(2.9) 0872

ASA I 72 (64.9) 21 (60.0) ’

ASA I 36 (32.4) 13 (37.1)

Side, n(%)

Right 53 (47.7) 17 (48.6) 0.932°

Left 58 (52.3) 18 (51.4)

Stone location, n (%)* <0.001®

Pelvis 42 (37.8)° 2(5.7)°

Single calyx 20 (18.0)° 1(2.9)°

Pelvis + one calyx 29 (26.1)° 4(11.4)°

Multiple calyx 4(3.6)° 3(8.6)°

Partial staghorn 14 (12.6)° 19 (54.3)°

Staghorn 2(1.8)° 6(17.1)°

Stone density, HU 930.8 + 336.7 1065.4 = 298.4 0.036

Stone size, mm’ 266.9 (196.3-447.5) 643.7 (447.5-1118.6) <0.001

Operation time, min 90 (75-110) 120 (90-165) <0.001

Fluoroscopy time, sec 54 (33-77) 72.5(39.3-108.3) 0.032

Length of hospital stay, days 4 (3-4) 4 (3-7) 0.012

Nephrostomy removal time, days 2 (2-3) 3(2.8-3) 0.083

Complication rates, n(%) 25 (22.5) 14 (40.0) 0.042¢

Guy'’s stone score 2 (1-2) 3(2-3) <0.001

S.T.O.N.E. score 7 (6-8) 9 (8-10.3) <0.001

CROES score 244 (176-279) 153 (130.1-175.9) <0.001

~Fisher’s Exact test; *Likelihood ratio; ®Pearson Chi-square; *Each superscript letter denotes a subset of PNL and RIRS categories whose column proportions do not

differ significantly from each other at the 0.05 level.

Complications developed in 27.2% of the patients. The
comparison of the demographic and perioperative characteris-
tics of the patients according to the development of complica-
tions is presented in Table Il. Complication development was
found to be associated with all three scoring systems. Each
scoring system was found to correlate with the development of
complications (r=0.234 p=0.004, r=0.196 p=0.017 and
r=-0.247 p=0.003 for Guy’s SS, S.T.0.N.E., CROES, respec-
tively).

A significant positive correlation was observed between Guy’s
SS and OT, LOS, FT and BTR (r=0.430 p<0.001, r=0.276
p=0.001, r=0.181 p=0.029 and r=0.194 p=0.019,
respectively). While the S.T.0.N.E. scoring system had a signifi-
cant positive correlation with OT, LOS, and BTR (r=0.323
p<0.001, r=0.217 p=0.009 and r=0.176 p=0.033,

respectively), it had no correlation with FT. A significant nega-
tive correlation was determined between the CROES nomo-
gram and OT, LOS, and BTR (r=-0.498 p<0.001, r=-0.328
p<0.001 and r=-0.181 p=0.029, respectively). CROES nomo-
gram had the best correlation with OT and LOS, Guy’s SS had
the best correlation with BTR (r=0.194).

The results of the multivariate logistic regression analysis of
factors associated with SFS and complication development are
shown in Table Ill. For SFS, the Guy’s SS (OR=0.213, p=0.005)
and S.T.0.N.E. (OR=0.601, p=0.042) scores were determined
as independent markers. None of the three scoring systems
were found to be an independent marker for the development
of complications, and only DM was identified as an indepen-
dent marker for complication development (OR=2.375,
p=0.045).

Table II: Comparison of the patient characteristics according to postoperative complication development.
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Variables Comph(c:t;o:og;resent No ?:n;p]l.l;;)tmn p-value
Age, years, median (IQR) 68 (65-72) 67 (66-71) 0.751
Gender, n (%)

Female 17 (42.5) 46 (43.0) 0.957¢
Male 23 (57.5) 61 (57.0)

BMI, kg/m’, median (IQR) 27.2 (23.3-31.1) 27.3(24.2-29.4) 0.456
Metabolic syndrome, n (%) 15 (37.5) 28 (26.2) 0.179°
Comorbidities, n (%)

Diabetes mellitus 16 (40.0) 21 (19.6) 0.011°
Hypertension 19 (47.5) 40 (37.4) 0.265°
Chronic kidney disease 4 (10.0) 5(4.7) 0.255"
Previous history of

ESWL, n (%) 5(12.5) 16 (15.0) 0.705°
Ipsilateral surgery, n (%) 12 (30.0) 25(23.4) 0.409¢
ASA Category, n(%)

ASA | 1(2.5) 3(2.8) ¥
ASA Il 21 (52.5) 73 (68.2) 0.193
ASA Il 18 (45.0) 31 (29.0)

Solitary kidney, n(%) 2 (5.0) 5(4.7) >0.999"
Abnormal renal anatomy, n(%) 3(7.5) 4(3.7) 0.390"
Side, n(%)

Left 21 (52.5) 56 (52.3) 0.986°
Right 19 (47.5) 51 (47.7)

Stone location, n(%)* 0.001"
Pelvis 9 (22.5)° 36 (33.6)°

Single calyx 1(2.5)° 20(18.7)°

Pelvis + one calyx 12 (30.0)° 21(19.6)°

Multiple calyx 0(0.0)° 7(6.5)°

Partial staghorn 15 (37.5)° 18 (16.8)°

Staghorn 3(7.5)° 5(4.7)°

Puncture level, n(%) 0.571¢
Intercostal 17 (42.5) 40 (37.4)

Subcostal 23 (57.5) 67 (62.6)

Number of accesses, n (%) 0.132~
Single 34 (87.2) 102 (95.3)

Multiple 5(12.8) 5(4.7)

Stone density, HU 1100 (875-1200) 900 (743-1200) 0.080
Stone size, mm’ 467 (235.5-739.9) 298.3 (204.1-588.8) 0.159
Operation time, min 100 (78.8-130) 90 (75-120) 0.100
Fluoroscopy time, sec 77.5(39.8-102.5) 54 (33-77) 0.007
Length of hospital stay, days 6 (4-7) 3 (2-4) 0.002
Nephrostomy removal time, days 3(2-3) 2 (2-3) 0.002
Guy’s stone score 2 (2-3) 2 (1-2) 0.020
S.T.O.N.E. score 8(7-9) 7 (6-8) 0.009
CROES score 172 (142-198.5) 241 (169-277) 0.035

do not differ significantly from each other at the 0.05 level.

®Pearson Chi-square; *Likelihood ratio; ~Fisher’s exact test; *Each superscript letter denotes a subset of PNL and RIRS categories whose column proportions

The predictive ability of the three scoring systems for SFS and
complication development was evaluated by the ROC analysis
(Figures 1 and 2). The area under the curve (AUC) values
were calculated as 0.848 for Guy’s SS, 0.813 for S.T.O.N.E.,
and 0.787 for CROES, at asymptotic significance of <0.001 for
each system. The three scores had comparable predictive

accuracy for SFS. The three scores had comparable predictive
accuracy for SFS. In predicting complication development, the
AUC values of the Guy’s SS, S.T.0.N.E. and CROES scores were
0.643, 0.652, and 0.650, with p values of 0.008, 0.005, and
0.005, respectively. The three scoring systems had similarly
poor predictive ability in terms of complication development.

Table IlI: Multivariate logistic regression analysis of independent predictors for postoperative stone-free status and complications.

Variables ‘ OR ‘ 95% CI ‘ p-value
Stone-free status
Stone size \ 1.000 \ 0.998-1.001 \ 0.448
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Partial/complete Staghorn 0.620 0.128-3.009 0.553
Guy’s stone score 0.213 0.073-0.622 0.005
CROES score 0.418 0.160-1.095 0.076
S.T.0.N.E. score 0.601 0.368-0.982 0.042
Complications
Diabetes mellitus 2.375 1.018-5.542 0.045
Partial Staghorn 1.439 0.370-5.599 0.600
Guy’s stone score 1.071 0.443-2.588 0.879
CROES score 0.754 0.348-1.632 0.473
S.T.0.N.E. score 1.035 0.729-1.469 0.849

ROC Curve

%/

ROC Curve

| Source of the
Curve

—_S.T.ONE. score
AUC: 0.813

1/

Sensitivity

Sensitivity

0.4 0.6 0.8 10 00 0.2 04 08 08 1.0
1 - Specificity 1 - Specificity

Diagonal seqments are produced by ties. Diagonal segments are produced by ties.

Figure 1: ROC curves and AUC values for the Guy’s SS, S.T.O.N.E.,
and CROES scoring systems in predicting stone-free status.
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Figure 2: ROC curves and AUC values for the Guy’s SS, S.T.0.N.E.,
and CROES scoring systems in predicting complication development.

Diagonal segments are produced by ties.

DISCUSSION

The main concern of urologists in the treatment of large or
complex renal stones is the development of postoperative
complications and the need for re-intervention, when SFS is
not achieved. Both situations pose a risk, especially for
elderly patients. The incidence of comorbidities increases
with age. It has been reported that 65-88% of patients over
60 years have at least one comorbid disease, such as hyper-
tension, diabetes mellitus, and chronic obstructive pulmo-
nary disorder.> Many studies have shown an association
between comorbidities and the development of complica-
tions after PCNL.™""

Although similar PCNL outcomes are reported in different
age groups in the literature, bleeding requiring a large
volume of transfusion, high complication rates, and high
Clavien-grading complications have been reported in elderly
patients.'** In brief, it is important to predict the success
of PCNL and perioperative outcomes when planning this

surgery in elderly patients. )
Several scoring systems have been developed to define the

complex structure of stones and predict PCNL outcomes. The
most known scoring systems are Guy's SS, S.T.0.N.E
nephrolithometry, and CROES nomogram.®’ External valida-
tion studies and paired and triple comparison studies of
these scoring systems have been undertaken. The first of
these studies belongs to Labadie et al., who compared the
Guy's SS, S.T.0.N.E. and CROES scoring systems in 246
patients and reported that all three systems predicted SFS
at equivalent capacity.™ Similarly, in a study evaluating 586
patients, Tailly et al. reported that the Guy’s SS, S.T.O.N.E.
and CROES scoring systems had the ability to predict SFS."
In a prospective study including 162 patients, Al Adl et al.
reported that the S.T.O.N.E. and CROES scoring systems
were comparable in predicting SFS, but the latter had a
better correlation with SFS.' In the present study, the stone-
free rate was found to be 76.0%, consistent with the litera-
ture. All three scoring systems were able to strongly predict
SFS. Stone location and size were found to be associated
with SFS, while the multivariate analysis revealed only
STONE and Guy’s SS as independent predictors for the
prediction of SFS.

Studies evaluating the relationship between scoring systems
and development of complications and perioperative
outcomes (OT, FT, BTR, and LOS) are limited. While Labadie
et al. found Guy’s SS and S.T.O.N.E. to be associated with
estimated blood loss (EBL) and LOS, CROES did not have a
correlation with these parameters.’ In a study including 185
patients, Noureldin et al. reported that Guy’s SS and CROES
were associated with OT, LOS, and EBL but had no relation
with complications.”” Kumar et al. stated that there was a
weak relationship between CROES and Guy’s SS and the
development of complications, but these systems did not
have any predictive value in the multivariate analysis. In the
same study, a significant correlation was observed only
between Guy’s SS and OT." In another prospective study,
Guy’s SS, S.T.O0.N.E. and CROES were found to be correlated
with the development of complications (p<0.001 for all).
While all three scoring systems were correlated with EBL,
OT, and FT, they did not have a correlation with LOS." In this
study, all three scoring systems were correlated with OT,
LOS and BTR, but only Guy’s SS was correlated with FT. It is
observed that all three systems were associated with the
development of complications, but they had weak predictive
value. In the literature, conflicting results regarding the
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development of complications have been reported. In
studies that detected a relationship between scoring
systems and development of complications tend to have
prospective methodologies. Considering the Clavien grade
distribution of the prospective and retrospective studies, the
greatest difference results from Grade 1 and Grade 2 compli-
cations. It is considered that in retrospective studies, low--
grade complications may be overlooked, which can lead to
the misinterpretation of the predictive ability of scoring
systems. The data were recorded prospectively, and a statis-
tically significant correlation was found between the develop-
ment of complications and scoring systems.

In this study, only diabetes mellitus was found to be an inde-
pendent marker for complications in the multivariate anal-
ysis. In the literature, many studies have shown that
diabetes mellitus is a risk factor for infective and major
complications after PCNL.***° Although the mechanism is not
yet fully understood, diabetes mellitus is known to be a
disease that includes immunosuppression and is charac-
terised by recurrent urinary tract infections.”* Therefore, it
would not be unreasonable to consider that diabetic
patients, who present with urinary system stone disease
may, have higher immunosuppression status. Furthermore,
in another study, it was suggested that CD4 + CD28 null T
lymphocytes, which are rarely found in healthy individuals
and mostly detected in elderly patients, were increased in
patients with type 2 diabetes mellitus, which may be respon-
sible for the complications associated with the disease.”

In this study, the ability of the scoring systems to predict
SFS was higher than reported in most previous studies. In
previous research, the AUC values for SFS prediction were
reported to be 0.629-0.785 for Guy's SS, 0.563-0.838 for
S.T.O.N.E., and 0.641-0.858 for CROES.”" This suggests
that the predictive value of these scoring systems may be
high in elderly patients. However, we think that the methodo-
logical differences between the studies, experience of the
surgeon, and number of patients may also play a role in
these differences.

Tailly et al. defined clinically insignificant stone size as 2 mm
or less. This situation decreases the stone-free rate, espe-
cially in stones with low complexity, thereby reducing the
predictive ability of scoring systems. In this study, the SFS
rates were 96.5%, 92.3%, and 95.4% for Guy’s SS (Gradel),
S.T.O.N.E. (scores 5-6), and CROES (Grade 4), respectively;
while these rates were reported to be 80.3%, 82.1%, and
84.2%, respectively in the study of Tailly et al.*> Another
difference in the AUC values can be due to the surgeon’s
approach to elderly patients. In order not to prolong OT in
more complex stones with a high stone burden, ensuring
complete SFS can be pushed into the background. This can
increase the predictive value of scoring systems by
increasing the possibility of residual stones in cases with
high complexity.

This study is the first to examine the predictive ability of the
Guy's SS, S.T.0.N.E., CROES scoring systems for PCNL
outcomes in elderly patients.

The limitations of this study include its retrospective nature
and the absence of the evaluation of inter-rater variability.

CONCLUSION

This study showed that the Guy’s SS and S.T.O.N.E. scoring
systems were effective and reliable in predicting SFS in
patients aged 65 years and over. However, the CROES
scoring system was not found to be adequate in predicting
SFS. All three scoring systems had poor predictive value for
the development of complications and were not efficient and
reliable in relation to this outcome. The finding of this study,
revealing a relationship between diabetes mellitus and the
development of complications, is important in terms of
guiding the development of future scoring systems.
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