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Currently, there is no single agreement upon an ideal predictive model that 
 characterizes the complexity of renal stones and predicts surgical outcomes following 
percutaneous nephrolithotomy (PCNL). New predictive tools have recently emerged to 
systematically and quantitatively assess kidney stone complexity to predict outcomes 
following PCNL: the Guy’s Stone Score, the CROES nomogram, S.T.O.N.E. nephro-
lithometry, and S-ReSC score. An ideal scoring system should include variables that both 
influence surgical planning and are predictive of postoperative outcomes. This review 
discusses the strengths, weaknesses, and commonalities of each of the above scoring 
systems. Additionally, we propose future directions for the development and analysis 
of surgical treatment for stone disease, namely, the importance of assessing radiation 
 exposure and patient quality of life when counseling patients on treatment options.
[Rev Urol. 2016;18(1):15-27 doi: 10.3909/riu0693]

© 2016 MedReviews®, LLC

Key words

Percutaneous nephrolithotomy • Urolithiasis • Scoring system • Nomograms

The prevalence of urolithiasis in the United 
States has increased over the past two decades, 
reaching nearly 7% in women and 10.3% in 

men.1 Though most small stones pass spontane-
ously or are amenable to shock wave lithotripsy, 
approximately 10% to 20% require surgical removal. 
Ureteroscopy and percutaneous nephrolithotomy 

(PCNL) are the most commonly utilized modalities. 
Stone features such as size, extent of calyceal involve-
ment, pelvicaliceal anatomy, and anatomic malfor-
mations dictate the feasibility of different treatment 
modalities and have significant impact on surgical 
outcomes.2-6 There is immense heterogeneity in 
methods for clinical and academic characterization 
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of nephrolithiasis and for the evalu-
ation of surgical outcomes. 

The Guy’s Stone Score (GSS), 
the Clinical Research Office of the 
Endourological Society (CROES) 
nomogram, S.T.O.N.E. (stone size, 
tract length, obstruction, number 
of involved calices, and essence/
stone density) nephrolithometry, 
and Seoul National University 
Renal Stone Complexity (S-ReSC) 
score allow for objective assessment 
of kidney stones and predict out-
comes of PCNL.7-10 The widespread 
use of a standardized nephrolitho-
metric scoring system can improve 
patient care by informing clinical 
decision making and patient coun-
seling, in addition to improving 
academic reporting. 

This review discusses the develop-
ment of the aforementioned neph-
rolithometric scoring tools, and 
assesses their individual advantages 
and disadvantages to seek ways to 
improve them. The commonalities 
are discussed and additional factors 
that should be evaluated for incor-
poration into a comprehensive scor-
ing system are suggested.

Stone Scoring Tools: 
Descriptions and 
Assessments 
GSS: Development, 
 Reproducibility, and 
 Validation
The GSS was developed using 
evidence from published data 
combined with knowledge and 
experience of senior endourologists 
at a single institution.7 It consists of 
four grades based on stone burden 
and patient anatomy (Table 1). The 
score was refined using an iterative 
process after evaluating 10 consec-
utive cases. The score was prospec-
tively validated in 100 patients who 
underwent PCNL procedures in a 
tertiary stone center. The authors 
used abdominal radiography 

preoperatively, and computed 
tomography (CT) and abdominal 
radiography to determine stone-
free status (SFS), as defined as no 
stones visible or presence of clini-
cally insignificant residual frag-
ments  4 mm 6 weeks after PCNL. 
A multivariate analysis showed 
that the GSS was the only predic-
tive factor of SFS as compared with 
stone burden, operating surgeon, 
weight, age, comorbidity, and urine 
culture. Moreover, SFS correlated 
with increasing grade of GSS: 
I  5  81%, II  5  74.2%, III  5  35%, 
and IV  5  29%. A higher grade 
correlated with the need for ancil-
lary procedures. The authors did 
not find any correlation between 
the stone score and postoperative 
complications.7

External validation in several 
series demonstrated that GSS effec-
tively predicted SFS.11-14 Importantly, 
Ingimarsson and colleagues14 and 
Vicentini and associates13 used pre-
operative CT to validate the GSS. 
Additionally, Ingimarsson and 
colleagues14 used a more stringent 
stone-free measurement,   2  mm 
fragment, to determine SFS and 
confirmed a good interrater reli-
ability. Vicentini and associates13 
also found a positive correlation 
between GSS and other operative 
outcomes, such as operative time 

and blood transfusion rates, as well 
as  postoperative complications.

Strengths and Weaknesses. 
The GSS provides a simple, intui-
tive, and reproducible tool for 
predicting SFS following PCNL. 
Arguably, its external valida-
tion and use of  multiple imaging 
modalities, including abdominal 
radiograph and CT, broadens its 
universal appeal and integration 

across  varying guidelines for post-
operative imaging. 

There are a number of key limita-
tions to this system, however. First, 
it fails to account for important 
variables such as calyceal involve-
ment, stone size, density, and com-
position. These variables determine 
technical difficulty of PCNL and 
thus have important implications 
for procedural success.15-17 Second, 
the GSS was developed using vari-
ables the expert authors felt were 
significant rather than by data-
driven selection. Data-driven mod-
els such as the CROES nomogram 
have been found to have superior 
predictability for SFS, and also 
predict certain postoperative com-
plications, whereas the GSS does 
not.8 Third, the appeal of the GSS is 
that it is a simple four-grade com-
partmentalization. However, this is 
also its weakness, as this simplicity 
does not account for clinical vari-
ability. A patient with spina bifida 
and full staghorn would receive the 
same grade IV rating even if he or 
she only had a 2-cm pelvic stone. 
The use of just four categories to 
describe complex stone disease 
misses important differences in 
outcomes and complications among 
different stones and patients with 
stones. Finally, the overall SFS of 
62% was relatively low in compari-

son with global overall SFS,8 raising 
the question of generalizability.18

CROES Nomogram: Develop-
ment, Reproducibility, and 
Validation
The CROES nomogram is a data-
driven predictive model created 
with the primary objective of 
assessing current indications and 
treatment outcomes in PCNL.19 A 

The GSS provides a simple, intuitive, and reproducible tool for 
 predicting SFS following PCNL.
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Scoring System Categorization Method of Derivation

Guy’s Stone Scorea Grade I: A solitary stone in the mid/lower pole, or renal pelvis with 
simple anatomy
Grade II: A solitary stone in the upper pole with simple anatomy, 
multiple stones in a patient with simple anatomy, or any solitary 
stone in a patient with abnormal anatomy
Grade III: Multiple stones in a patient with abnormal anatomy, 
stones in a calyceal diverticulum, or partial staghorn calculus
Grade IV: Staghorn calculus or any stone in a patient with spina 
bifida or spinal injury

Literature review
Expert opinion
Iterative process

Nephrolithometric
Nomogramb

A: Stone Burden – calculated as follows:
1. Measure the maximum length of each stone in millimeters
2. Measure the maximum width of each stone in millimeters
3.  Calculate the stone burden for each stone 5 

0.785 3 length 3 width
4. Add individual stone burdens if multiple stones

B: Calyceal location – position in renal pelvis or multiple calyces 
involved, including staghorn calculi
C: Stone count – single or multiple
D: Case volume

Multiple logistic
regression analysis

S.T.O.N.E. Nephro-
lithometryc

Scoring based on 5 variables from preoperative noncontrast com-
puted tomography stone size:
S 5 stone size 

1: 0-399 mm2

2: 400-799 mm2

3: 800-1599 mm2

4: . 1600 mm2

T 5 tract length
1:  100 mm
2: . 100 mm

O 5 Obstruction
1: no or mild dilatation
2: moderate to severe dilatation 

N 5 Number of involved calyces
1: 1 calyx involved
2: 2-3 calyces involved
3: full staghorn calculus 

E 5 Essence (stone density)
1:  950 HU
2: . 950 HU

Systematic review

Seoul Renal Stone 
Complexity
Scored

Identify number of preselected pelvicalyceal locations involved, each 
of the 9 locations is worth 1 point; total score 5 cumulative number 
of locations involved

Not reported

aFrom Thomas K et al.7
bFrom Smith A et al.8
cFrom Okhunov Z et al.9
dFrom Jeong CW et al.10

Current Nephrolithometric Scoring Systems

TABLe 1
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the degree of training and levels of 
expertise with CT imaging clearly 
impacted the accuracy of grading 
and assessment of stone complex-
ity. The authors found that quanti-
fying the stone size and number of 
involved calyces were least repro-
ducible overall.24 

S.T.O.N.E. nephrolithometry 
has been externally validated in a 
number of studies. Akhavein and 
colleagues25 validated the system 
as a reproducible and predictive 
model for treatment success in 
117  patients. A multi-institutional 
study of 850  patients confirmed 
that the model was significantly 
associated with SFS, overall compli-
cations, EBL, operation time, and 
length of stay.26 Studies by Labadie 
and associates12 and Noureldin 
and associates27,28 showed that the 
system was correlated with EBL, 
operative time, and length of hos-
pital stay, but not complications. 
S.T.O.N.E. has also been validated 
among a pediatric population, cor-

relating with SFS, length of hospi-
talization, and complications.29

Strengths and Weaknesses. 
S.T.O.N.E. nephrolithometry 
uniquely includes variables that 
have been shown to have signifi-
cant impact on postoperative out-
comes. Furthermore, because it 
stratifies patients into low-, moder-
ate-, and high-risk groups, it is clin-
ically practical for decision making 
and surgical planning. Notably, 
S.T.O.N.E. can be calculated using 
only a preoperative CT scan, mak-
ing it ideal for building a retrospec-
tive database with limited clinical 
information.

One limitation is that S.T.O.N.E. 
was validated with a small cohort. 
This may limit its applicability 

database was not created specifi-
cally for the development of a pre-
dictive model for classification of 
stone disease prior to PCNL and, 
therefore, lacks important vari-
ables affecting the outcomes. The 
authors acknowledge that the study 
lacked radiologic data on hydro-
nephrosis and other pelvicalyceal 
abnormalities, each of which may 
influence outcomes. It also does 
not take into account the stone 
density or composition, which have 
been shown to influence SFS.21,22 
Second, nomograms are complex, 
requiring a more time-consuming 
evaluation of preoperative vari-
ables. Many physicians feel that 
nomograms are impractical in the 
clinical setting.7,23 

S.T.O.N.E. Nephrolithometry: 
Development, Reproducibility, 
and Validation
S.T.O.N.E. nephrolithometry was 
developed via a literature review of 
English language studies from 1976 

to 2012 on Medline to identify the 
most clinically relevant and repro-
ducible variables that had been 
shown to impact outcomes follow-
ing PCNL. Its components are stone 
size, PCNL tract length, presence 
of obstruction, number of involved 
calyces, and stone density (Table 1), 
measured from preoperative CT. 
A cohort of 117 PCNL patients 
was used to evaluate the predic-
tive value of the S.T.O.N.E. neph-
rolithometry. A “low” score of 3 to 
5 demonstrated a correlation with 
SF rates of 94% to 100%, a “moder-
ate” score of 6 to 8 correlated with 
a SF rate of 83% to 92%, and “high” 
scores of 9 to 13 correlated with SF 
rates ranging from 27% to 64%.9 
A subsequent study demonstrated 
interobserver reliability, though 

total of 2806 patients from 96 cen-
ters worldwide were included in 
the development of the nomo-
gram. Prior treatments, body mass 
index (BMI), staghorn stones, renal 
anomalies, and stone burden, loca-
tion, and count were all recorded. 
The authors report that stone bur-
den, calyceal location, stone count, 
and presence of staghorn stones 
were the most influential variables 
predicting SFS. Each variable was 
associated with a score from 0 to 
100 as outlined in the nomogram. 
The sum of the individual scores 
was used to predict the SFS, defined 
as no visible stones or residual frag-
ments  4 mm on abdominal radio-
graph 30 days following PCNL. An 
interpretation scale was created to 
associate the total score with the 
percent chance of achieving SFS 
and bootstrapping techniques were 
used with 1000 cases to validate the 
model. Additionally, the authors 
determined that the nomogram 
proved clinically useful for direct-
ing treatment strategy at a thresh-
old of 60% or more estimated SFS 
using a decision analysis curve.8

The CROES nomogram was 
externally validated by Labadie 
and colleagues12 and Bozkurt 
and colleagues.20 Significantly, 
Bozkurt and colleagues found that 
the CROES nomogram correlated 
with SFS using CT as well as opera-
tive time, estimated blood loss 
(EBL), length of hospital stay, and 
complications.

Strengths and Weaknesses. 
The CROES nomogram is widely 
generalizable because it is based 
on global data generated from both 
high- and low-volume centers. 
Moreover, the nomogram uniquely 
grades risk across a continuous 
scale rather than dividing stones 
of varying complexity into discrete 
groups. 

There are, however, two impor-
tant limitations. First, the CROES 

S.T.O.N.E. nephrolithometry uniquely includes variables that have 
been shown to have significant impact on postoperative outcomes.
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Study Country N
Preoperative 
Imaging

Postoperative 
Imaging

Definition of  
Stone Free

Clearance 
by Stone 
Complexity

Complications by 
Stone Complexity

Statistical 
Method

Guy’s Stone Score

Thomas K et al7 United 
 Kingdom

100 CT, radiograph, 
IVU

KUB radiograph  4-mm fragments Overall, 62%
Grade 1, 81%
Grade 2, 72.4%
Grade 3, 35%
Grade 4, 29%

Not reported; 
no significant
correlation only

Multivariate
linear
regression
analysis

Mandal S et al11 India 278 Radiograph, IVU, 
USS,  noncontrast 
CT

KUB radiograph Complete absence of 
stones

Overall, 76.1%
Grade 1, 100%
Grade 2, 74%
Grade 3, 56%
Grade 4, 0%

Overall, 41.7%
Grade 1, 4.8%
Grade 2, 9.1%
Grade 3, 26.2%
Grade 4, 44.4%

Univariate
analysis

Vicentini FC  
et al13

Brazil 147 Noncontrast CT Asymptomatic  
fragments  4 mm

Overall, 71.6%
Grade 1, 95.2%
Grade 2, 79.5%
Grade 3, 59.5%
Grade 4, 40.7%

Overall, 18.7%
Grade 1, 4.8%
Grade 2, 9.1%
Grade 3, 26.2%
Grade 4, 44.4%

Univariate
analysis

Ingimarsson  
JP et al14

Lebanon 66 Noncontrast CT No fragments/no  
fragments . 2 mm/
no fragments . 4 mm

Overall, 90%
Grade 1, 95%
Grade 2, 97%
Grade 3, 95%
Grade 4, 75%

Not reported; 
no significant
correlation only

Univariate
analysis

Labadie K et al12 United States 246 CT scan Unclear Not defined Overall, 56%
Grade 1, 70.2%
Grade 2, 65.4%
Grade 3, 48.1%
Grade 4, 35.9%

Overall, 17% Logistic 
regression

Noureldin YA  
et al27 

Canada 185 Unclear Plain radio-
graphs or non-
contrast CT

Asymptomatic residual 
fragments  4 mm

Overall, 71.9%
Grade 1, 91.5%
Grade 2, 80%
Grade 3, 47.6%
Grade 4, 43.2%

Overall, 16.2%
Grade 1, 17%
Grade 2, 15%
Grade 3, 9.5%
Grade 4, 21.6%

Logistic 
regression 
analysis

Validation Studies for Current Nephrolithometric Scoring Systems

TABLe 2

(Continued)
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Study Country N
Preoperative 
Imaging

Postoperative 
Imaging

Definition of  
Stone Free

Clearance 
by Stone 
Complexity

Complications by 
Stone Complexity

Statistical 
Method

Bozkurt IH et al20 Turkey 437 CT scan KUB radio-
graph (unless 
CT; which is 
reserved for 
only symptom-
atic patients)

Asymptomatic residual 
fragments  4 mm

Overall, 75%
Grade 1, 92.8%
Grade 2, 72.4%
Grade 3, 68.5%
Grade 4, 47.4%

Overall, 35%
Grade 1, 13.0%
Grade 2, 2.5%
Grade 3, 8.7%
Grade 4, 10.3%

Linear and 
logistic regres-
sion analyses

Nephrolithometric Nomogram (CROES)

Smith A et al8 International 
(CROES PCNL 
Group)

2806 Unclear KUB radiograph No fragments  
. 4 mm

Overall, 82%
Odds ratios and
nomogram 
reported
ROC AUC 5 0.76

Not reported Multivariate 
logistic regres-
sion

Labadie K et al12 United States 246 CT scan Unclear Not defined Overall, 56%
80-129  
5 22.7%
130-169  
5 46.4%
170-219  
5 45.5%
 220 
5 72.7%

Overall, 17% Logistic 
regression

Bozkurt IH et al20 Turkey 437 CT scan KUB radiograph 
(unless CT; which 
is reserved for 
only symptomatic 
patients)

Asymptomatic residual 
fragments  4 mm

Overall, 75%
Grade 1, 48.5%
Grade 2, 51.4%
Grade 3, 69.1%
Grade 4, 92.8%

Overall, 35%
Grade 1, 4.8%
Grade 2, 8.0%
Grade 3, 7.5%
Grade 4, 14.2%

Linear and 
logistic regres-
sion analyses

S.T.O.N.E. Nephrolithometry

Okhunov Z et al9 United States 117 Noncontrast CT Fluoroscopy 6 CT Complete absence of 
stones on CT

Overall, 80%
Low (4-5), 94%-
100%; medium 
(6-8), 83%-92%; 
high (9-11), 27%-
64%;
ROC AUC 5 0.83

Not reported Multivariate 
logistic regres-
sion

Validation Studies for Current Nephrolithometric Scoring Systems (continued)  
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Okhunov Z et al24 United States 58 Noncontrast CT Fluoroscopy 6 CT N/Aa N/Aa N/Aa Cohen’s kappa 
coefficienta

Okhunov Z et al26 United States 706 CT scan Unclear Not defined Overall 67%
S.T.O.N.E. score 
significantly 
associated with 
postoperative SFS

S.T.O.N.E. score sig-
nificantly associated 
with overall compli-
cation rate

Univariate 
analysis

Labadie K et al12 United States 246 CT scan Unclear Not defined Overall, 56%
5-6 5 70.6%
7-8 5 66.3%
9-13 5 46.2%
ROC AUC 5 0.67

Overall, 17% Logistic 
regression

Akhavein A  
et al25

United States 122 CT scan Residual fragments 
 4 mm 

Score vs clearance 
%:
5-7 5 100%
8 5 80%
9 5 94.1%
10 5 79.2%
11 5 66.7%
12 5 45%

Score vs complica-
tion %:
5 5 0%
6 5 1.6%
7-8 5 0%
9 5 0.8%
10 5 6.6%
11-12 5 0%

Univariate 
analysis and 
logistic regres-
sion

Noureldin YA  
et al27

Canada 185 Unclear Plain radiographs 
or noncontrast CT

Asymptomatic residual 
fragments  4 mm

Overall, 71.9%
5 5 100%
6 5 75%
7 5 77.3%
8 5 67.6%
9 5 79.3%
10 5 58.3%
11 5 42.9%
12-13 5 0%

Overall, 16.2%
5 5 20%
6 5 18.2%
7 5 11.4%
8 5 20.6%
9 5 20.7%
10 5 8.3%
11 5 0%
12 5 25%
13 5 0%

Logistic 
regression 
analysis

(Continued)
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Study Country N
Preoperative 
Imaging

Postoperative 
Imaging

Definition of  
Stone Free

Clearance 
by Stone 
Complexity

Complications by 
Stone Complexity

Statistical 
Method

Noureldin YA  
et al28

Canada 155 Noncontrast CT KUB and/or non-
contrast CT

Residual stones 
 4 mm considered as 
non–stone-free

Overall, 71.6%
Significant inverse 
association be-
tween S.T.O.N.E. 
score and clear-
ance
AUC 5 0.63

Overall, 15.5%
No correlation be-
tween S.T.O.N.E. score 
and complications

Multivariate 
logistic regres-
sion

Seoul Renal Stone Complexity Score

Jeong CW et al10 South Korea 155 Noncontrast CT No evidence of residual 
stones on postop im-
ages after 1 mo

Overall, 72.3%
Low (1-2), 96%; 
medium (3-4), 
69%; high (5-9), 
28%

Overall, 25.2%
Low (1-2), 1.9%; me-
dium (3-4), 28.6%;
high (5-9), 34.2%

Univariate 
analysis; ROCs

Choo MS et al31 South Korea 327 Noncontrast CT Complete clearance/
clearance with clini-
cally insignificant
residual fragments  
(4 mm) at 1 mo follow-
up imaging

Overall, 65.4%
Low (1-2), 83.9%; 
medium (3-4), 
47.6%; high (5-9), 
21.4%

Not investigated Univariate and 
multivariate 
regression 
analyses; 
ROCs

Park J et al32 South Korea 159 Unclear No evidence of a stone 
or with clinically insig-
nificant residual frag-
ment stones  2 mm

Overall, 73.0%
Low (1-2), 86.7%; 
medium (3-4), 
70.2%; high 
 (5-12), 48.6%

Not investigated Uni- and mul-
tivariate linear 
regression

aStudy focuses on interobserver reliability.
AUC, area under the curve; CT, computed tomography; IVU, intravenous urogram; KUB, kidneys, ureters, and bladder; ROC, receiver operating characteristic; SFS, stone-free status; S.T.O.N.E., stone size, tract length, obstruc-
tion, number of involved calices, and essence/stone density; USS, abdominal and pelvic ultrasound.

Validation Studies for Current Nephrolithometric Scoring Systems (continued)  
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influence success rates in the larger 
Western patient population (skin-
to-stone distance, a surrogate for 
BMI) may prove useful in broaden-
ing its application. 

Discussion
A widely applicable, simple dis-
ease stratification tool will greatly 
improve patient counseling, sur-
gical planning, evaluation of 
outcomes, and academic report-
ing.34,35 It will allow reliable and 
accurate comparisons of treatment 
efficacy and quality of surgical 
care, and facilitate the meaningful 
comparison of clinical studies.36 
Furthermore, it will facilitate risk 
adjustment,37 enabling physicians 
to better define the nephrolithia-
sis disease continuum and identify 
patients who should be referred to 
tertiary care centers.38 In order to 
achieve this, a single, standardized, 

widely used system that is easily 
determined, applicable to individ-
ual cases, and indicative of postop-
erative outcomes is necessary. 

We have reviewed several avail-
able tools that inform surgical 
planning and predict PCNL out-
comes.7-10 No study comparing 
systems has found a clinically sig-
nificant difference in their predic-
tive power. Next, we discuss the 
variables that are common to all 
of the scoring systems in one form 
or another, namely, stone burden 
and location. Additionally, we 
discuss individual variables not 
common to all that inf luence sur-
gical complexity and outcomes. 
Finally, we discuss future direc-
tions for the development and 
analysis of surgical treatment for 
stone disease. 

regression analyses showed that 
the S-ReSC score was associated 
with stone number, burden, and 
renometry, variables that are com-
monly accepted as being predic-
tive of postoperative success. It also 
showed that the S-ReSC score had 
comparatively higher predictive 
value than any variable alone.10

Three studies each externally 
validated the S-ReSC score. In a 
327-patient cohort at two tertiary 
centers, Choo and colleagues31 
demonstrated that it predicted SFS 
as defined by   4  mm. Park and 
colleagues32 validated the S-ReSC 
score for retrograde intrarenal sur-
gery (RIRS), rather than PCNL. The 
S-ReSC score was found to be pre-
dictive of SFS with low (1-2), inter-
mediate (3-4), and high (5-12) scores 
correlated with 86.7%, 70.2%, and 
48.6% SFS, respectively. Similarly, 
Jung and associates33 validated a 
modified S-ReSC score for predic-

tion of SFS after RIRS by adding 
additional points for  hard-to-reach 
stones in the lower poles.

Strengths and Weaknesses. 
The S-ReSC score is a simple,  easily 
applicable scoring tool that pre-
dicts SFS. It is based on a single 
variable—stone location—which is 
determined with preoperative CT 
and demonstrates high reproduc-
ibility as a result of this simplicity.

Significantly, the S-ReSC score 
relies on the expert hypothesis that 
a single variable—stone location— 
is the ultimate predictive indicator 
of SFS. However, it is clear from 
the literature that there are many 
variables that influence outcomes. 
Additionally, the score was created 
and validated initially with a cohort 
at a single center. Factors that may 

to a wider patient population. 
Moreover, Tailly and Razvi30 point 
out that the low incidence of treat-
ment failure in the initial cohort 
may have introduced an element of 
bias into the development and vali-
dation of the tool. A larger study is 
needed for validation.

S.T.O.N.E. would benefit from 
greater refinement of the methods 
used to score each of the factors to 
take into account their relative pre-
dictive power. It is not clear that the 
cutoffs used for tract length and stone 
density are optimal. Furthermore, 
the authors acknowledge the need 
for a standardized method to mea-
sure stone size and number of calices 
involved in order to improve predic-
tive value. A standardized definition 
of calyx, as well as the imaging plane 
used to enumerate calyceal involve-
ment, would improve reproducibil-
ity. Additionally, the score assigned 
by degree of hydronephrosis is 
subjective and would benefit from 
stricter criteria. 

S-ReSC Score:  Development, 
Reproducibility, and 
 Validation
The S-ReSC score was developed 
based on expert hypotheses about 
what influences surgical complex-
ity and SFS. The authors assert that 
the distributional complexity of 
stones is the most important factor 
that determines treatment success. 
They devised a 9-point system, with 
1 point assigned to 9 specific pelvic 
and calyceal locations. A score of 
1 to 2 is considered low, 3 to 4 is 
medium, and  5 is high. The score 
is assigned by adding the cumula-
tive sites involved; 155 consecu-
tive cases at one center were used 
to retrospectively validate S-ReSC. 
The SFS for low (1  and  2) scores 
was 96.0%, for medium (3 and 4) 
was 69.0%, and for high ( 5) were 
28.9%. Logistic regression showed 
that S-ReSC significantly pre-
dicted SFS. Additionally, multiple 

The S-ReSC score is a simple, easily applicable scoring tool that 
predicts SFS. It is based on a single variable—stone location—
which is determined with preoperative CT and demonstrates high 
 reproducibility as a result of this simplicity.
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However, there is no consensus on 
their relevance, given that a num-
ber of studies have demonstrated 
that abnormal renal anatomy is not 
associated with inferior surgical 
outcomes.45-47 Though anatomic 
variables such as duplicated collect-
ing system, horseshoe kidneys, and 
calyceal diverticulum were evalu-
ated, during the literature review 
in the development of S.T.O.N.E., 
due to the low incidence of these 
conditions, the study was not pow-
ered sufficiently to detect a differ-
ence and therefore they were not 
included in the resulting scoring 
system. These parameters should 
be evaluated using a larger cohort 
to elucidate their impact role in the 
scoring system. 

Additional Variables:  Previous 
Surgery and Experience  
of Surgeon
Only the CROES nomogram takes 
previous surgical intervention and 

caseload or experience of the sur-
geon into consideration, having 
found that both significantly impact 
treatment success. Previous stone 
treatment has a twofold informa-
tional yield. First, it indicates prior 
therapy failure, demonstrating the 
complexity of the stone. Second, 
case volume and experience clearly 
impact surgical outcomes. 

Additional Variables: Tract 
Length 
Skin-to-stone distance is an impor-
tant parameter to predict success 
in PCNL. In obese patients in par-
ticular, tract length dictates the dif-
ficulty of obtaining surgical access. 
Additionally, skin-to-stone distance 
alters the effectiveness of real-time 
fluoroscopy necessary for proper 
access. The increased skin-to-stone 

involved but does not consider their 
location. The relative weight that 
each scoring system places on the 
stone location is a key determinant 
of how it influences the score. 

Additional Variables: 
 Staghorn Stones
Staghorn stones are particularly 
challenging, requiring more com-
plex procedures, multiple tracts, 
and, sometimes, multistaged or 
multimodal treatments.44 There is 
no precise definition for staghorn 
calculi,41,44 leading to interob-
server inconsistencies. Mishra 
and colleagues42 created Staghorn 
Morphometry, a system by which 
the volume and distribution of 
staghorn stones can be evaluated to 
predict the requirement for num-
ber of tracts and stages for PCNL 
procedures. They proposed a scor-
ing system that classifies each stone 
into one of three types. The authors 
provide a sophisticated method to 

predict the number of tracts and 
stages required for PCNL for stag-

horn renal calculi; however, it only 
applies to one type of stone and 
requires complex imaging software 
for calculation. Whether specify-
ing staghorn status specifically or 
accounting for it by proxy via stone 
burden is required for the best 
predictive outcome has not been 
studied.

Additional Variables: 
 Anatomic Malformations
The influence of anatomic abnor-
malities on PCNL outcomes has 
been previously evaluated and 
discussed in several studies.2,6 

Common Variables: Stone 
Burden
It is well documented that the 
most important variable to pre-
dict outcomes of PCNL is stone 
burden.12,15-17,39,40 In the first study 
providing a head-to-head com-
parison of three nephrolithometry 
systems, GSS, CROES nomogram, 
and S.T.O.N.E., Labadie and col-
leagues12 found that stone burden 
alone had the same predictive value 
for stone-free rates as did each of 
the scoring systems. Most urolo-
gists currently utilize stone size to 
estimate complexity of the proce-
dure and surgical outcomes; how-
ever, there is a lack of uniformity 
in the literature with regard to 
calculating stone burden.41,42 Each 
of the described models uses a dif-
ferent algorithm for calculating the 
stone burden. None of these meth-
ods has been shown to be superior, 
so the most reproducible method 
that accurately reflects clinically 
significant stone burden should be 
utilized. 

Common Variables: Location
Stone location (or distribution) has 
an important impact on the achieve-
ment of SFS.43 The GSS grade relies 

heavily on location, as single stones 
in the lower or middle poles or 
renal pelvis are assigned the lowest 
grade, whereas single stones in the 
upper pole are assigned one grade 
higher. The CROES nomogram 
goes further, assigning a different 
score for the renal pelvis, and lower, 
middle, and upper poles. S.T.O.N.E. 
accounts for the number of calyces 
infiltrated by the stone, but does 
not specifically include stone loca-
tion in determining overall score. 
The S-ReSC score is solely based on 
stone distribution as determined by 
the cumulative number of calyces 

Stone location (or distribution) has an important impact on the 
achievement of SFS.

Only the CROES nomogram takes previous surgical intervention 
and caseload or experience of the surgeon into consideration,  
having found that both significantly impact treatment success.
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distance makes puncture, dilation, 
and securing a tract more difficult. 
Finally, challenges related to initial 
access add difficulty to the limita-
tions on length of working sheaths, 
nephroscopes, and working instru-
ments.48 A longer nephrostomy 
tract decreases maneuverability of 

the nephroscope and may result 
in longer procedures with a lower 
SFS and increased complication 
rates.5,49 S.T.O.N.E. is the only 
system that includes tract length. 
CROES included BMI, a possible 
correlate, in the initial analysis 
during development of the system, 
but ultimately did not find it to be 
predictive and therefore excluded it 
from the nomogram. 

Future Directions
An all-inclusive system for classi-
fying nephrolithiasis will inform 
clinical decision making by 
impacting the risk-benefit analy-
sis of treatment options through 
objective prediction of outcomes. 
Additionally, none of the scoring 
systems were evaluated for their 
ability to correlate with other guid-
ing factors that inform clinical 
decision making, such as radia-
tion exposure and quality-of-life 
outcomes. 

Surgical Complications
Risk of surgical complications is 
an important variable that should 
guide clinical decision making. In 
their comparative study, Labadie 
and colleagues12 found that, 
although the GSS and S.T.O.N.E. 
successfully predicted length of stay 
and EBL, none of the three scoring 
systems predicted surgical compli-
cations. Patient factors unrelated to 

the stone may be more indicative 
of the postoperative complication 
risk. Borrowing from the surgical 
oncology literature and the con-
cept of patient frailty, Leavitt and 
associates50 have illustrated that a 
patient’s inability to independently 
perform activities of daily living is 

a strong predictor of complications 
and length of stay following PCNL.

Predicting Radiation Time
A recent multicenter study found 
that patients with greater stone 
size, BMI, number of involved caly-
ces, skin-to-stone distance, and 
S.T.O.N.E. nephrolithometry score 
have increased radiation exposure 
during PCNL.51 In their multivari-
ate regression, Thomas and associ-
ates7 showed that patient weight, 
not individual GSS, was correlated 
with radiation time and exposure. 
Sfoungaristos and colleagues52 
found that GSS, CROES score, and 
S.T.O.N.E. are significantly associ-

ated with fluoroscopy time. With 
a predictive classification system, 
benefits and risks of using alter-
native imaging modalities dur-
ing evaluation of disease, as well 
as during stone removal, may be 
weighed against increased radia-
tion exposure.

Quality of Life
A recent survey of the literature 
found health-related outcomes for 
stone management have revolved 
around quality-of-life outcomes, 
suggesting that quality of life 

should play an important role in 
clinical decision making. Patients 
with recurrent urinary tract stones 
report more bodily pain, depres-
sion, and lower general health 
scores than the general American 
public.51,53-57 Simply measuring 
physiologic and biologic outcomes 
is not ideal. A comprehensive uni-
versal tool should not only consider 
procedural complexity and out-
comes, but also meaningful mea-
sures for patients such as quality of 
life. A patient may prefer a staged 
ureteroscopic approach over a 
single-setting PCNL; these prefer-
ences should be considered. 

Defining the Disease 
Continuum: Applicability 
to Multiple Procedures
Each system described above was 
developed as a way of quantifying 
stone complexity and predicting sur-
gical outcomes. A system that can be 
adapted to and therefore be descrip-
tive of multiple surgical procedures 
is ideal, as it will allow for outcome 
comparisons and individualized 
surgical planning encompassing 
all available modalities. There are a 

number of additional systems that 
predict outcomes following other 
procedures, such as RIRS and extra-
corporeal shock wave lithotripsy58,59; 
thus far, however, only the S.T.O.N.E. 
and the S-ReSC scores have been 
studied for its applicability to alter-
nate procedures.32,60 Understanding 
the relative predictive value of a uni-
versal tool for multiple treatment 
modalities will broaden its applica-
bility to stone disease and allow for 
effective comparison between treat-
ment options, informing clinical 
decision making. 

Understanding the relative predictive value of a universal tool for 
multiple treatment modalities will broaden its applicability to stone 
disease and allow for effective comparison between treatment 
options, informing clinical decision making.

A longer nephrostomy tract decreases maneuverability of the 
nephroscope and may result in longer procedures with a lower SFS 
and increased complication rates. S.T.O.N.E. is the only system that 
includes tract length.
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predictive tool for wide adoption 
has yet to be  identified. 
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MAin PoinTs

• Although most small kidney stones pass spontaneously or are amenable to shock wave lithotripsy, 
approximately 10% to 20% require surgical removal. Features such as stone size, composition, extent 
of calyceal involvement, and anatomy dictate the feasibility of different treatment modalities and have 
significant impact on surgical outcomes; there is immense heterogeneity in methods for clinical and academic 
characterization of nephrolithiasis and for the evaluation of surgical outcomes.

• The Guy’s Stone Score (GSS), the Clinical Research Office of the Endourological Society (CROES) nomogram, 
S.T.O.N.E. (stone size, tract length, obstruction, number of involved calices, and essence/stone density) 
nephrolithometry, and Seoul National University Renal Stone Complexity (S-ReSC) score allow for objective 
assessment of kidney stones and predict outcomes of percutaneous nephrolithotomy.

• A widely applicable, simple disease stratification tool will greatly improve patient counseling, surgical planning, 
evaluation of outcomes, and academic reporting by allowing for reliable and accurate comparisons of treatment 
efficacy and quality of surgical care.

• Categorizing of patients into low-, intermediate-, and high-risk surgical groups may help surgeons appropriately 
counsel patients regarding their likely postoperative clinical course and, in complex scenarios, refer patients to 
tertiary centers. Existing data are insufficient to support the adoption of a universal scoring system. The most 
reproducible and clinically relevant predictive tool for a wide adoption has yet to be identified.
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