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ABSTRACT ARTICLE HISTORY
Objective: (a) To assess the inter-observer variability amongst surgeons performing percuta- Received 4 August 2019
neous nephrolithotomy (PCNL) and radiologists for the Guy’s Stone Score (GSS) and S.T.O.N.E. Accepted 31 October 2019
(stone size [S], tract length [T], obstruction [O], number of involved calyces [N], and essence or KEYWORDS

stone density [E]) nephrolithometry score; (b) To determine which scoring system of the twois e observer variability;
better for predicting the stone-free rate (SFR) after PCNL. Guy's Stone Score; S.T.ON.
Patients, subjects and methods: Patients undergoing PCNL between February 2016 and E. nephrolithometry score
September 2016 were prospectively enrolled. Preoperative computed tomography was done

in all patients. The GSS and S.T.O.N.E. nephrolithometry score were independently calculated

by eight surgeons and four radiologists. The patients were operated on by one of the surgeons

(all were consultants). The Fleiss’ k coefficient was used to assess agreement independently

between the surgeons and radiologists. Receiver operating characteristic (ROC) curves were

constructed for predicting the SFR using the average of the scores of the surgeons and

radiologists separately.

Results: A total of 157 patients underwent PCNL. The SFR was 71.3% (112/157 patients). The

Fleiss' k scores ranged from 0.51 to 0.88 (overall 0.79) for the S.T.O.N.E. score and 0.53-0.91 for

the GSS, suggesting moderate to very good agreement. The ROC curve for the S.T.O.N.

E. nephrolithometry scores of surgeons (area under the curve [AUC] = 0.806) as well as the

radiologists (AUC = 0.810) had a higher predictive value for the SFR than the GSS of the

surgeons (AUC = 0.738) and the radiologists (AUC = 0.747).

Conclusion: There is overall good agreement between surgeons and radiologists for both the

GSS and S.T.O.N.E. nephrolithometry score. The S.T.O.N.E. score had a higher predictive value

for the SFR than the GSS.

Abbreviations: AUC: area under the curve; GSS: Guy’s Stone Score; KUB: kidneys, ureters and
bladder; NCCT: non-contrast CT; PCNL: Percutaneous nephrolithotomy; ROC: receiver operating
characteristic; SFR: stone-free rate; S.T.O.N.E.: stone size [S], tract length [T], obstruction [O],
number of involved calyces [N], and essence or stone density [E]

Introduction Various scoring systems have been proposed to grade
patients according to complexity of the stone and
pelvicalyceal system [2-5].

The main drawback of these systems is that none of
them is perfect. Most of the published studies have
focussed on re-validating them or comparing these
systems with one another on the basis of individual
parameters, ability to predict the stone-free rate (SFR),
and complications [6-18]. Few have attempted to
compare the agreement between different groups of
trainees and surgeons [5,19]. The purpose of a scoring
system is to act as a tool to predict the difficulty level,
success rate, and complications of the surgery it is used
for. In the case of PCNL, the existing scoring systems
have variably predicted these. Another important

Percutaneous nephrolithotomy (PCNL) is one of the
commonest surgical treatments offered to patients
with renal calculi. As the technology has advanced
over the last three decades, miniaturisation of instru-
ments has been possible, which has resulted in
a decrease in the perioperative morbidity associated
with PCNL [1]. However, since the procedure is inher-
ently invasive and requires puncture and dilatation of
the renal parenchyma, complications such as bleeding
requiring transfusion, urine extravasation, and adja-
cent organ injury, continue to occur in some patients.
Having reached the limits of miniaturisation, the recent
approach to the prevention of PCNL-related morbidity
is prediction of patients at risk of such complications.
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feature of a scoring system is to bridge the commu-
nication gap between different departments working
on the same pathology. The use of the Gleason grade
for prostate cancer is the best example, where the
pathologist and urologist have the same interpretation
of a particular value of the score [20]. Similarly, grading
of hydronephrosis by the Society for Fetal Urology also
has good concordance amongst the radiologist and
urologist [21]. Such a level of agreement has not
been established for imaging of renal calculi; hence,
we sought to determine if two of the commonest
scoring systems used for renal calculi (the Guy's
Stone Score [GSS]; and the S.T.O.N.E., stone size [S],
tract length [T], obstruction [O], number of involved
calyces [N], and essence or stone density [E], nephro-
lithometry score) are interpreted in a similar way by the
radiologist and urologist, and which one better pre-
dicts the SFR.

Patients, subjects and methods

This study was performed at a tertiary care centre in
northern India. Patients undergoing PCNL between
February 2016 and September 2016 were prospectively
enrolled in this study. For calculation of sample size,
a power of 0.8 and an a of 0.05 were selected. Apart
from this, chance agreement amongst the raters was the
null hypothesis and was set at a k of 0.4. As 0.8 was the
minimum value needed for very good agreement, this
was taken as the expected value [22]. This led us to
a sample size of 156. Preoperative non-contrast CT
(NCCT) was done in all patients. Patients aged
<18 years, a history of prior surgery on the ipsilateral
kidney, and nephrostomy tube or stent placement in
the ipsilateral kidney prior to surgery, were excluded
from the study. For the patients who were included in
the study, the GSS [2] and S.T.O.N.E. nephrolithometry
score [3] were independently calculated by eight sur-
geons (five consultants and three residents) and four
radiologists (two consultants and two residents). Every
patient was operated on by one of the five consultant
surgeons (A.S., SKS, RK, UPS, MS.A)).

At the time of PCNL, a ureteric catheter was placed
routinely. Percutaneous access to the pelvicalyceal sys-
tem was established under fluoroscopic guidance
using the ‘Bull’s eye’ technique. The tract was dilatated
to 16-30 F depending upon the stone burden. Stone
fragmentation was done using a pneumatic lithoclast
or holmium laser. After the procedure, a JJ stent was
placed routinely, while nephrostomy was placed in
most cases. Success was defined as absence of radio-
opaque shadow on postoperative plain abdominal
radiograph of the kidneys, ureters and bladder (KUB,
on first day after surgery) or absence of stone density
on CT (for radiolucent calculi after JJ stent removal).
The demographic characteristics, presence of residual
stones, operating time, hospital stay, and fluoroscopy
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time were recorded. The complications were graded as
per the modified Clavien-Dindo classification.

Data were first checked for normal distribution
using the Shapiro-Wilk test. Parametric data were
described using the mean * standard deviation (SD)
and non-parametric data using the median and range.
Further, the statistical significance of variables with
respect to the GSS (four categories) and S.T.O.N.
E. score (three categories) was tested using the chi-
squared test for categorical variables (Clavien-Dindo
Grade and stone-free status) and ANOVA for para-
metric continuous data (operating time and post-
operative hospital stay).

GSS

e GSS 1: a solitary stone in the mid and/or lower
pole or in the renal pelvis with normal anatomy.

e GSS 2: a solitary stone in the upper pole; multiple
stones in a patient with simple anatomy; or
a solitary stone in a patient with abnormal
anatomy.

e GSS 3: multiple stones in a patient with abnormal
anatomy or in a calyceal diverticulum or partial
staghorn calculus (defined as a stone involving
the renal pelvis and at least two calyces).

e GSS 4: a complete staghorn calculus (all calyces
and the pelvis occupied by stones) or any stone in
a patient with spina bifida or a spinal injury.

S.T.O.N.E. score

e Takes into account stone size, tract length,
obstruction, number of calyces and stone essence
(in Hounsfield units [HU]).

e Minimum score is 3 and maximum score is 13.

e Low complexity is indicated by a score of 5-6,
moderate complexity by a score of 7-8, and
high complexity by a score of 9-13.

Fleiss’ k coefficient was used to assess agreement
independently between the two groups (surgeons vs
radiologists). The following k categories were used [23]:

<0.20: Poor agreement
0.20-0.40: Fair agreement
0.41-0.60: Moderate agreement
0.61-0.80: Good agreement
0.81-1.00: Very good agreement

To evaluate which scoring system better predicted
the SFR; four receiver operating characteristic (ROC)
curves were drawn using the average scores of the
surgeons and radiologists for the GSS and S.T.O.N.
E. score for each patient. The area under the curve
(AUQ) of the ROC curve was compared using the
DeLong method [24]. The SFR was defined as the pre-
sence of stone fragments of <4 mm. The data analysis
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was done using the IBM Statistical Package for the
Social Sciences (SPSS®) for Mac, version 23 (SPSS Inc.,
IBM Corp., Armonk, NY, USA.); and MedCalc Statistical
Software, version 18.2.1 (MedCalc Software, Ostend,
Belgium).

Results

A total of 157 patients underwent PCNL, of which 102
were men (65%) and 55 were women (34%). The mean
(SD) age of the patients was 38.2 (13.4) years. The
mean (SD) operating time was 122 (35) min, the
mean (SD) fluoroscopy time was 6.8 (2.6) min, and
the mean (SD) hospital stay was 3.4 (1.3) days.
Postoperative complications were categorised in
accordance with the modified Clavien-Dindo classifi-
cation, 124 (78.9%) patients were considered as Grade
0 (normal postoperative trajectory without any unex-
pected deviation), 20 (12.7%) as Grade | (fever, pain
management with NSAIDs), 11 (7.0%) as Grade Il (fever
treated with antibiotics, bleeding requiring blood
transfusion), and two (1.2%) as Grade lll (renal pelvic
perforation managed by ureteric stenting, pleural effu-
sion requiring intercostal drainage). The operative vari-
ables of the patients are listed in Table 1.

According to the KUB radiograph for radio-opaque
calculi (n = 126) and NCCT KUB for radiolucent calculi
(n = 31), as described in the Methods, 112 patients
were found to be residual stone free (71.3%; 89 radio-
opaque and 23 radiolucent) and 45 patients (28.7%; 37
radio-opaque and eight radiolucent) had residual
stones after a single procedure. According to the GSS,
70% (n = 110) of the patients were GSS 1, 21.6%
(n =34) GSS 2, 7% (n = 11) GSS 3, and 1.27% (n = 2)
GSS 4. The median (range) S.T.O.N.E. score was 7
(3-13). Further, using the S.T.O.N.E. score, patients
were classified as having low (n = 98; 62.42%), moder-
ate (n = 44; 28.03%), and high (n = 15; 9.55%) complex-
ity stone disease. In this study, 86.3% of GSS 1, 44.2% of
GSS 2, and 18.1% of GSS 3 patients had stone clearance
(Table 2). According to the S.T.O.N.E. score categories;
90.8% of the patients with a S.T.O.N.E. score of 5-6 (low
complexity), 41% with a S.T.O.N.E. score of 7-8

Table 1. Operative variables.

Variable Value
Total number of patients 157
Male:female, n 1.85:1
Age, years, mean (SD) 38.2 (13.4)
Right/left, n 83/74
Operating time, min, mean (SD) 122.7 (35.2)
Fall in Hb (preoperative — postoperative value), g/dL, 1.4 (0.5)
mean (SD)
Hospital stay, days, mean (SD) 3.4 (1.3)
Complications, n (%)
Clavien-Dindo Grade | 20 (12.7)
Clavien-Dindo Grade Il 11 (7.0)
Clavien-Dindo Grade IlI 2(1.2)
SFR, n (%) 112 (71.3)

Hb, haemoglobin.

Table 2. SFR according to the GSS and S.T.0.N.E. score.

Scoring system SFR, n (%) Complications, n
GSS

GSS 1 (n=110) 95 (86.3) 18
GSS 2 (n = 34) 15 (44.2) 9
GSS3(n=11) 2(18.1) 4
GSS 4 (n=2) 0 2
Total (n = 157) 112 (71.3) 33
S.T.O0.N.E. score

Low complexity, 5-6 (n = 98) 89 (90.8) 8
Moderate complexity, 7-8 (n = 44) 18 (41) 1
High complexity, 9-13 (n = 15) 5(33.3) 14
Total (n = 157) 112 (71.3) 33

Table 3. Fleiss’ k coefficient for inter-rater agreement between
the surgeons (eight) and the radiologists (four) for the S.T.O.N.
E. score and GSS.

Fleiss’ k

Assessment criterion Agreement coefficient
S.T.O.N.E.
S, stone size (n = 157) Good 0.75
T, tract length (n = 157) Very good 0.88
O, obstruction (n = 157) Moderate 0.51
N, number of involved calices Good 0.80

(n=157)
E, essence or stone density (n = 157) Good 0.78
Overall (n = 157) Good 0.79
GSS
GSS 1 (n=110) Very good 0.91
GSS 2 (n = 34) Moderate 0.53
GSS3 (n=11) Good 0.61
GSS4(n=2) Very good 0.84

(moderate complexity), and 33.3% with a S.T.O.N.
E. score of 9-13 (high complexity) had stone clearance
(Table 2).

There was a statistically significant association
between the total S.T.O.N.E. score and the Clavien-
Dindo Grade (P < 0.001), operating time (P = 0.012),
and stone-free status (P < 0.001). A statistically signifi-
cant association was also found between the GSS and
the Clavien-Dindo Grade (P < 0.001), hospital stay
(P <0.001), operating time (P < 0.001), and SFR (P =0.05).

Inter-rater agreement was studied between the
surgeons and radiologists. It was found that for the
S.T.O.N.E. score (overall good agreement 0.79), tract
length had very good agreement, whilst obstruction
had only moderate agreement (Table 3). The
remaining parameters had good agreement. For
the GSS, there was very good agreement for GSS 1
and GSS 4, whilst GSS 2 and GSS 3 had moderate
and good agreement, respectively. The categorisa-
tion of pelvicalyceal anatomy as ‘normal’ or ‘abnor-
mal’ was the commonest point of contention
between the radiologists and the surgeons.

ROC curve analysis revealed that the S.T.O.N.E. nephro-
lithometry score of the surgeons (AUC = 0.806), as well as
the radiologists (AUC = 0.810) had a higher AUC as
compared to the GSS of the surgeons (AUC = 0.738)
and the radiologists (AUC = 0.747) (Figure 1). Using the
DeLong method, the S.T.O.N.E. score of surgeons better
predicted the SFR than their GSS (SE 0.0302, 95% ClI
0.0088-0.127, z-score 2.252; P = 0.024). A similar result
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Figure 1. ROC curve analysis of the surgeons’ and radiologists’ GSSs and S.T.O.N.E. scores.

was obtained for the radiologists scores (SE 0.0269, 95%Cl
0.0104-0.116, z- score 2.346; P = 0.019).

Discussion

Previously, it has been shown that the scoring systems in
use are good predictors of complications following PCNL
[2-5]. There is also acceptable reproducibility of these
scores amongst different surgeons [14-18]. However,
whether there is any difference in the interpretation of
these scoring systems amongst radiologists, who report
the CT of these patients but are not involved in PCNL, is
not addressed well in the literature. This is important
especially for the centres where the percutaneous access
to the kidney is established by the radiologist. The varia-
bility in the grading of the GSS and S.T.O.N.E. scoring
systems was assessed when the same system was used
by junior and senior surgeons and radiologists. It was
found that the S.T.O.N.E. nephrolithometry score fares
better in terms of reproducibility amongst these groups
compared to the GSS. Further, parameters amongst these
systems that have the maximum discordance were also
identified.

The GSS is primarily based on the number/location
of the stone and anatomy of the kidney. The greatest
contention occurs with respect to the interpretation of
‘abnormal’ anatomy. The authors described abnormal
anatomy as ‘abnormal renal and/or collecting system
anatomy, or presence of an ileal conduit’ and this does
little to abate confusion. Most studies based on this

scoring system report difficulties in assigning patients
GSS 2 or 3, whereas GSS 1 and 4 are usually easy to
assign. Another issue that is commonly reported with
this scoring system is the lack of definition of a partial
staghorn calculus [25]. On applying K statistics, the
highest correlation was found for GSS 1 followed by
4. There was discordance amongst the surgeons and
radiologists for the assignment of GSS 2/3, and the
factor which was most discordant was the presence
of abnormal anatomy.

The S.T.O.N.E. score was proposed by Okhunov et al.
[3] and includes easily measurable variables on NCCT to
predict the outcomes of PCNL. This system is more
objective and hence theoretically less prone to inter-
observer variation. However, discordance was found in
the reporting of hydronephrosis amongst the surgeons
and radiologists. Although there are only two categories
of hydronephrosis in this system, which simplifies the
categorisation, the interpretation of pelvicalyceal mor-
phology by the surgeons differed from the radiologists
in several cases. What appeared as a ‘normal’ variation
to the radiologist (such as an extrarenal pelvis) was often
regarded as mild or even moderate hydronephrosis by
the surgeon. Another observation was that the kidneys
that were hydronephrotic were easier to puncture dur-
ing PCNL and with a larger working space inside stone
fragmentation and retrieval was easy too. Further, it was
easier to access other calyces in a hydronephrotic kidney
compared to a non-hydronephrotic kidney. While
a lower agreement was found in the parameter of
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obstruction, Okhunov et al. [19] found that quantifica-
tion of stone size and the number of calyces was least
reliable. Compared to other systems, this system is an
easy to use and reproducible scoring system particularly
for observers across different specialties and with differ-
ent levels of experience, making it a versatile system.

In the present study, 71.3% of the patients were
stone free after PCNL. Other studies comparing the
scoring systems for renal calculi have reported stone
clearance rates after PCNL of between 62% and 90%
[2-5,14-18]. The present study produced a comparable
SFR. There was a significant relationship between both
scoring systems and stone-free status. The GSS was
externally validated by Mandal et al. [6] and
Ingimarsson et al. [10], and they have reported it to
be a reliable predictor of stone-free status. Vicentini
et al. [8], as well as Sfoungaristos et al. [9], found the
GSS to significantly predict the SFR. The initial SFRs
reported by Mandal et al. [6], Ingimarsson et al. [10]
and Vicentini et al. [8] were between 71% and 76%,
whilst that reported by Sfoungaristos et al. [9] was
84.7%. In this study, there were a limited number of
patients with complex grades (GSS 3 and 4).

Few studies have done direct comparisons of the
various scoring systems. The GSS and S.T.O.N.E. scoring
systems were compared by Noureldin et al. [14] and
Kumsar et al. [15]. While Noureldin et al. [14] found that
neither of them was superior to the other for predict-
ing SFR; Kumsar et al. [15] reported that the S.T.O.N.
E. score correlated well with the SFR but not complica-
tions, and the GSS correlated with none. Similarly,
Bozkurt et al [16] compared the GSS with the Clinical
Research Office of the Endourological Society (CROES)
nephrolithometry nomogram and concluded that both
were equally good and correlated with the SFR.
Labadie et al. [17] and Tailly et al. [18] compared the
GSS, S.T.O.N.E. score and CROES systems. Labadie et al.
[17] concluded that only the GSS and S.T.O.N.E. scores
correlated with complications, whereas Tailly et al. [18]
found that none of them correlated with complica-
tions. Tailly et al. [18] also found that all three could
predict residual fragments and were equivalent; this
was also observed by Singla et al [26]. Both of these
authors found S.T.O.N.E. scores to be overall superior
and the easiest to apply.

The authors accept that the present study is limited
by a relatively small number of patients compared to
the burden of stone disease and being a single-centre
study from a referral institute there is lack of generali-
sability to a larger population. However, the primary
aim of the present study was determine the reprodu-
cibility of the GSS and S.T.O.N.E. score amongst sur-
geons and radiologists, and this was done
prospectively, removing the potential bias that could
happen amongst the surgeons after knowing the final
outcome of surgery. Additionally, the study had some
heterogeneity due to multiple operating surgeons

(five), multiple techniques of dilatation, and the differ-
ent methods of evaluating the SFR that were utilised.
However, all the surgeons used standardised techni-
ques of both conventional and mini PCNL. Although CT
scan would have been the most accurate method for
evaluation of the SFR, the additional exposure of radia-
tion would have been unethical and was hence
avoided in patients with radio-opaque stones.

Conclusion

The overall agreement between the surgeons and radi-
ologists for scoring patients with renal calculi as per
the GSS and S.T.O.N.E. nephrolithometry score was
good. The S.T.O.N.E. nephrolithometry score had
a higher predictive value for the SFR than the GSS.
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