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ABSTRACT

Objective: To determine the effectiveness of Modified Guy's Stone Score (GSS) and S.T.O.N.E score (SS) as predictors of
stone free rates in patients undergoing PCNL. Material & Methods: The design of this study was a prospective
observational analytic. Samples were patients with kidney stones who came to the Urology Polyclinic of Soetomo General
Hospital Surabaya, which was planned to undergo PCNL surgery, patients who met the inclusion criteria will have a CT
stonographic examination then counted for the S.T.O.N.E score and Modified Guy's Stone Score before the PCNL
procedure. Postoperative stone size evaluation used KUB X-ray (BOF) to assess Stone Free Rate (SFR). Results: In the ETA
statistical test there was a strong relationship between GSS and SFR with a relationship strength value of 0.609, the
direction of the relationship between these two variables was positive. This means that the greater the GSS, the less likely the
SFR could be achieved. The relationship between these two variables was significant with p= 0.05. While between SS and
SFR with a relationship strength value of 0.55, the strength of the relationship in these two variables was positive which
indicated the higher the SS, the less likely the occurrence of SFR. But both of them were not statistically significant with p=
0.228. Conclusion: Guy Stone Score (GSS) gives a better predictive value than the STONE score (SS) on the stone free rates
in patients undergoing PCNL procedures.
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ABSTRAK

Tujuan: Mengetahui efektifitas Modified Guy's Stone Score (GSS) dan S.T.O.N.E score (SS) sebagai prediktor angka bebas
batu pada pasien yang dilakukan tindakan PCNL. Bahan & Cara: Desain penelitian ini adalah analitik observasional
yang bersifat prospektif. Sampel adalah penderita batu ginjal yang mendatangi poliklinik Urologi RSUD Dr. Soetomo
Surabaya yang direncakan akan menjalani operasi PCNL, pasien yang memenuhi kriteria inklusi akan dilakukan
pemeriksaan CT stonografi kemudian dihitung untuk S.T.O.N.E score dan Modified Guy's Stone Score sebelum prosedur
PCNL. Evaluasi ukuran batu pasca operasi menggunakan KUB X-ray (BOF) untuk menilai Stone Free Rate (SFR). Hasil:
Pada uji statistik ETA terdapat hubungan yang kuat antara skor GSS dan SFR dengan nilai kekuatan hubungan sebesar
0.609, arah hubungan kedua variabel ini bersifat positif. Artinya semakin besar GSS maka semakin kecil kemungkinan SFR
dapat tercapai. Hubungan kedua variabel ini bersifat signifikan dengan p= 0.05. Sedangkan antara SS dan SFR dengan
nilai kekuatan hubungan sebesar 0.55, kekuatan hubungan pada kedua variabel ini bersifat positif yang menunjukan
semakin tinggi SS maka semakin kecil kemungkinan terjadinya SFR. Namun keduanya tidak bermakna secara statistik
dengan nilai p= 0.228. Simpulan: Guy Stone Score (GSS) memberikan nilai prediktif yang lebih baik jika dibandingkan
STONE score (SS) terhadap angka bebas batu pada pasien yang menjalani prosedur PCNL.
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INTRODUCTION kidney stones according to the Ministry of Health
Republic of Indonesia data, the prevalence of kidney

Kidney stones are still one of the most stones is 0.6% or 6 per 1000 population." The
common diseases in urology cases. The incidence of recurrence rate is around 30% to 50% within 5
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years.” As many as 37.636 new cases in Indonesia,
with several visits of 58.959 people, while the
number of patients treated was 19.018 people, with
the number of deaths amounting to 378 people or
1.98% of all the number of patients treated.’

As cases increase and diagnostic
development increases, the rate of development of
kidney stone management has experienced many
developments. The gold standard or diagnostic is
NCCT (Non-Contrast Computed Tomography).
Therapeutic options for kidney stones develop with
the presence of RIRS (Retrograde Intra Renal
Surgery) and PCNL in the supine position.

PCNL is the latest gold standard method for
therapy in large kidney stones, including staghorn
stones.’ Even though it is minimally invasive, PCNL
is a fairly risky surgical method and does not always
guarantee patient-free stone success. Several
guidelines are available for indication of PCNL and
the modified Clavien system to review
complications. However, there is no standard
method to predict Stone Free Rate (SFR) or
clearance after PCNL.

Several scoring systems for PCNL
management have been created to minimize side
effects of surgery, counseling for patients, and
provide reports on the complexity of standardized
stones. The scoring system includes the S.T.O.N.E
nephrolithotomy score, the Guy's Stone Score
(GSS), the Clinical Research Office of the
Endourologic Society (CROES) neprolithotometric
normogram, and the Soul National University Renal
Stone Complexity (S-ReSC) score. But until now
among all the scoring systems there is still no further
study of the scoring system that is best as a predictor
of stone-free rates.

This prospective study intends to examine
and compare the S.T.O.N.E nephrolithotomy score
with the Guy's Stone Score (GSS) to predict the
stone-free rates on each score. In addition, the
researchers felt that research to compare the
predictive stone-free rates in the two scorings was
stillneeded.

OBJECTIVE

To determine the effectiveness of Modified
Guy's Stone Score (GSS) and S.T.O.N.E score (SS)
as predictors of stone free rates in patients
undergoing PCNL.
MATERIAL & METHODS

This type of research was a prospective
observational analytic. The subjects used in this
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study were patients with kidney stones who would
undergo PCNL.

The inclusion criteria of this study were
patients with a diagnosis of kidney stones, at least 21
years old, had the results of BOF and NCCT
examinations before PCNL action, there were BOF
results appear radioopaque shading with suspect
kidney stones, PCNL planned to be done, no primary
action has been taken anything, and sign a research
agreement to follow.

Patients who entered the inclusion criteria
and did not include the exclusion criteria had prior
informed consent. Samples were patients with
kidney stones who came to the Urology Polyclinic
Soetomo General Hospital Surabaya, which was
planned to undergo PCNL surgery, patients who met
the inclusion criteria would have a CT stonographic
examination then counted for the S.T.O.N.E score
and Modified Guy's Stone Score before the PCNL
procedure. Postoperative stone size evaluation used
KUB X-ray (BOF) to assess Stone Free Rate (SFR).

RESULTS

The subjects in this study were patients who
met the inclusion and exclusion criteria collected at
Soetomo General Hospital Surabaya from
December 2019 to January 2019. The results were 31
eligible patients and analyzed as subjects in this
study.

In this study, patients who underwent
percutaneous nephrolithotomy (PCNL) had an
average age of 50.06 + 11.7 years. Gender
distribution was dominated by men with 24 patients
(80%). In this study, all research subjects had
sufficient Hb values before PCNL action with a
value of 13.8 + 1.7 mg/dL. Prior to PCNL, patients in
this study had normal white blood cell (WBC) levels
with an average of 8.34 + 2.06 mg/dL. The majority
of patients in this study had a Guy's Stone score
(GSS) 2 with a total of 12 patients (38.7%) and
S.TO.N.E Score 5 and 6 with a total of 16 patients
(51.2%). The stone free rate (SFR) in this study was
achieved in 22 patients (70.9%)

Patients who met the inclusion criteria in
this study were then collected data in the form of
non-contrast CT-scan (NCCT) results before surgery
to determine stone criteria and the anatomical
condition of the patient before PCNL action. The
results of this study found 31 patients with varying
GSS values. After the PCNL procedure, the patient
was then followed by a plain abdominal radiograph
examination. SFR was considered to be achieved if
the stone was found to be less than 1.5 cm in size.
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Table 1. Overview of Basic Characteristics of Research Subjects.

No Variable Value
1 Average age (mean + SD) 50.06 =11.7
Gender
Male (%) 24 (80%)
Female (%) 7 (20%)
3 Pre-operation Hb (mean = SD) 13.8+ 1.7
4 Pre-operation WBC (mean +.SD) 834 +2.06
5 Guy Score (%)
1 10 (32.2%)
2 12 (38.7%)
3 6 (19.3%)
4 3 (9.6%)
6 S.T.O.N.E Score (%)
5 8 (25.6%)
6 8 (25.6%)
7 3 (9.6%)
8 3 (9.6%)
9 3 (9.6%)
10 4 (12.1%)
11 1 (3.1%)
12 1(3.1%)
7 Stone free rate (SFR)
Bebas 22 (70.9%)
Sisa 9 (29.1%)
Table 2. Tabulation of GSS scores and SFR.
SFR Total
Free Residual
GSS 1.00 8 2 10
2.00 11 1 12
3.00 3 3 6
4.00 0 3 3
Total 22 9 31

Table 3. Tabulation of ETA Test Results on GSS and SFR.

No Variable Relationship P-value
Strength
1 GSS and SFR 0.609 0.05

GSS and SFR data were then analyzed using the ETA
statistical test. The results found a strong relationship
between the GSS and SFR scores with a relationship
strength value of 0.609, the direction of the
relationship between these two variables was
positive. This means that the greater the GSS, the less
likely the SFR could be achieved. The relationship
between these two variables was significant with p=
0.05.

In this study, the distribution of patients
before surgery was also assessed based on the
S.T.O.N.E score system. SS assessment was
measured based on the results of the NCCT before
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the patient underwent PCNL. In SS, the NCCT
results use were stone size, patient's anatomical
condition, and stone hardness measurement
measured by houndsfield units (HU). SFR on SS was
considered to be achieved if the stone size after
PCNL was less than 1.5 cm as evidenced by plain
abdominal radiograph. In this study there were 31
patients analyzed and presented based on various SS.
Data obtained from the SS before the PCNL action
and SFR after the PCNL action were further
analyzed using the ETA correlation test. The results
obtained a moderate relationship between SS and
SFR with a value of the strength of the relationship of
0.55. The strength of the relationship between these
two variables was positive which indicated the
higher the SS, the less likely the occurrence of SFR.
In addition, the results of the correlation of SS and
SFR in this study were not statistically significant
withp=0.228 (p>0.05).
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Table 4. Tabulation of GSS and SFR.

SFR Total
Free Residual

STONE 5.00 7 1 8
6.00 5 3 8
7.00 3 0 3
8.00 3 0 3
9.00 2 1 3
10.00 2 2 4
11.00 0 1 1
12.00 0 1 1

Total 22 9 31

Table 5. Tabulation of ETA Test Results on SS and

SFR.
No Variable Relationship P-value
Strength
1 SS and SFR 0.55 0.228

In this study, the scores obtained from the
GSS or SS on the SFR were compared to determine a
more applicative score to be used as an SFR
predictor of PCNL procedure at Soetomo General
Hospital Surabaya. The data could be performed
logistic regression test to see the probability (odds)
on each scoring system with the presence of stones

remaining in the PCNL procedure at Soetomo
General Hospital Surabaya. The results obtained
each increase in the GSS score found there was a
possibility that there were residual stones 3.5 times
higher which was statistically significant (OR =
3.496; CI1=1.244-9.896; P=0.018). While on every
increase in SS score there might have been residual
stones 1.47 times higher, but the results were not
statistically significant (OR = 1.468; CI = 0.981-
2.195;P=0.62).

Furthermore, to assess the quality of the
equation, a discrimination test was performed using
the receiver operating characteristic curve (ROC)
parameter. The results of the comparative graph of
this scoring system showed the area under the curve
(AUC) with AUC discrimination value on GSS of
0.753 (IK95% 0.525-0.980), where it could be
interpreted that there was moderate discrimination
on each GSS score. The results showed the GSS, the
most effective value for predicting stone free
numbers was less than 2 with a sensitivity value of
77.8% and a specificity of 63.6%. In the SS the most
effective value in predicting SFR is below a score
below 6 with a sensitivity of 88.9% and a specificity
of 68.2%. The results of the comparative graphs of
the two scoring systems showed that there were
differences in the area under the curve (AUC) with
the AUC value on the GSS of 0.753 (IK95% 0.525-
0.980) and the AUC value on the SS 0f0.692 (IK95%
0.468-0.916). The chi-square test was carried out in

Table 6. Tabulation of the logistic regression test result on the GSS and SS scoring to SFR

No Scoring system OR CI P-value
1 GSS 3.496 1.244-9.896 0.018
2 STONE 1.468 0.981-2.195 0.062
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Figure 1. Graph of ROC Guys Stone Score (GSS) and STONE Score analysis on Stone Free Rate (SFR).
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groups with GSS less than 2 and more or equal to 2.
The results showed that there was a possibility of
stone remaining 12.6 times higher in groups with
GSS 2 or more and were statistically significant
(OR= 12.667; CI= 2.003 -80.142; P= 0.003). Thus
from the results of this study, it could be concluded
that GSS was a better predictor of expected SFR
compared.

DISCUSSION

PCNL is the best procedure for achieving
stone-free rate in patients with large and complex
kidney stones.’ Even so, the stone-free rate cannot be
ascertained at any time. Some factors could
influence the success of PCNL procedure in
achieving a stone free rate. Several scoring systems
for PCNL procedures have been created to minimize
the side effects of operations, predict stone free rate,
and provide reports on the complexity of
standardized stones.” But until now among all the
scoring systems there is still no further study of the
scoring system that is best as a predictor of stone-free
rate.

In 2008, Tefekli et al. tried to look for a
relationship between stone complexity and
postoperative complication rates, but the study did
not find a significant relationship.’ De la Rosette et
al. have classified kidney stones according to stone
size and found a significant correlation between
stone size and duration of surgery.” Thomas et al.
found the Guy Stone Score (GSS) grading system
using the findings of intravenous pyelography and
retrograde urethrography to predict the success rate
of PCNL operations and their complications.” In
2013, Okhunov et al developed a STONE Score (SS)
grading system that was created to be able to predict
the success of PCNL procedures and their
complications, but the parameters used were more
complex than GSS and had to use CT Scan without
contrast.” Smith et al. introduced the CROES
nephrolithometric nomogram created using
multivariate analysis research from 2806 cases
undergoing PCNL in 96 hospitals worldwide. The
study concluded that stone size was the best
predictor for SFR. Other factors related to stone free
level were case volume, previous stone treatment,
staghorn stone, stone location, and number of
stones."”

This study compares two grading systems
that could predict stone-free rate in patients
undergoing PCNL procedures, namely the Guy
Stone Score (GSS) and STONE Score (SS) based on
the results of a pre-operative CT scan. There were
several differences in the two grading. In GSS
grading, the parameters used were the number of
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stones, location of stones, abnormal anatomy,
presence of complete or partial staghorn stones, and
spinal cord injury/spina bifida.’ Stone size was not
included in the GSS parameters, which was one of
the main predictors of PCNL success rates. In
addition, the definition of partial staghorn stones was
still very broad and could add variability in reporting
PCNL results. On the other hand, SS grading used
stone size parameters (mm®), channel length (mm),
hydronephrosis or obstruction, number of calix
involved, and stone density (HU).” Although the
number of calix is one of the parameters in SS
grading, it still does not consider the location of the
stone as in the parameters found in GSS grading.
This study aims to determine the relationship of
stone free rate with GSS grading and STONE scores
in patients undergoing PCNL measures and to find
out the predictive value of SFR on GSS compared to
STONE scores in patients undergoing PCNL
procedure at Soetomo General Hospital Surabaya.

The success rate of PCNL procedures
measured from SFR in this study was 70.9%. This is
in line with the results of research by Yarimoglu et al.
with a success rate of 77.9% and higher than the
study conducted by Singla et al. with 62.2%
success. '~ The PCNL procedure is the gold standard
procedure recommended by EAU for patients with
stones larger than 2cm."” Therefore, research is still
needed to look for predictors of the success rate of
PCNL in Soetomo General Hospital Surabaya.

GSS is a fairly simple but accurate grading
system in determining SFR and post-operative
PCNL complications in several studies and can be
used in places where CT scans are not available. In
this study, GSS was measured based on the results of
CT scan without contrast before surgery. This is the
same as the study conducted by Vicentini et al. and
Ingimarsson et al. However, this is different from the
study conducted by Sinha et al, in which the study
used intravenous urogra})hy and retrograde pre-
operative pyelography.*'® The results of this study
indicate that SFR has a strong and statistically
significant correlation with GSS grading. This is in
line with research conducted by Thomas et al. also
found a statistically significant correlation on GSS
grading with SFR." Research conducted by M. Khalil
et al. also had a significant correlation with SFR."”
A meta-analysis with a total of 6 studies comparing
stone free rate with stone residual rate in patients
undergoing PCNL also supported the results of a
significant correlation on GSS with SFR."

In this study, it could be concluded that each
increase in GSS score was about 3 times as likely to
be a higher incidence of residual stones in patients
who had undergone PCNL in Soetomo General
Hospital. In this case, it could be seen that GSS was a
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fairly good predictor in predicting SFR in patients
undergoing PCNL. Research conducted by Rathee et
al. concluded that each increase in GSS only
increased 0.9 times the likelihood of residual stones
in patients who had undergone PCNL."”

Grading STONE scores have more complex
parameters compared to GSS. Besides having more
parameters, the STONE score also has a stone size
parameter but does not have a stone location
parameter as in the GSS grading system. In a study
conducted by Wayland et al, the STONE score had a
statistically significant correlation with SFR in
patients undergoing PCNL." This is supported by
other studies comparing STONE grading scores with
other grading systems.” However, this study did not
find a statistically significant correlation and had a
weak relationship with SFR. Although not
statistically significant, this study shows that for
each increase in the STONE grading score, there is a
possibility that the remaining stones increase 1.4
times higher in patients who have undergone PCNL
procedures. This may still be clinically meaningful
and can still be used to help predict SFR in patients
who will undergo PCNL at Soetomo General
Soetomo Hospital.

The GSS grading system had a stronger
correlation and relationship than the STONE score in
this study. GSS could predict SFR in patients who
would undergo PCNL of 73.9% and 67% on STONE
Score. The results of the study of Sinha et al. showed
that GSS could provide SFR prediction of 87.7%."
But in a study conducted by Okhunov et al, the
STONE score could predict an SFR of 83.1%.” In a
study conducted Ujwal Kumar et al., which also
compared STONE and GSS showed that the STONE
score was superior to GSS, moreover the correlation
of the two grading systems to SFR was statistically
significant.” This might be due to the greater number
of'samples in the study as well as the different cut-off
points of stone size which were defined as "Stone-
Free" in some studies. This study focuses on SFR
after PCNL surgery, for the future a similar study
with a larger number of samples was needed and also
measures the predictor of complications in patients
who will undergo PCNL.

CONCLUSION

1. Guy Stone Score (GSS) is a good scoring system
in predicting stone-free rate and the higher the
GSS number, the lower the chance of achieving
stone-free rate in patients undergoing PCNL
procedure.

2.STONE Score (SS) does not give good results in
predicting stone-free rate, but the higher the SS
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number still shows the lower possibility of
achieving stone-free rate in patients undergoing
PCNL procedure.

3. Guy Stone Score (GSS) gives a better predictive
value than the STONE score (SS) on stone-free
rate in patients undergoing PCNL procedures at
Soetomo General Hospital Surabaya.
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