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Abstract

Background: Renal stone disease is a very common disease, and its lifetime prevalence is 1 - 15%, with a gradual rise in incidence and
disease prevalence. There are significant financial implications of its management. Nowadays, for big (typically > 2 cm) renal and
upper ureteric stones, PCNL is widely regarded as the first-line treatment. Because most of the intrarenal collecting systems can be
accessed by superior calyceal puncture in PCNL, good stone clearance can be achieved. The “Guy’s Stone Score” is a useful technique
for categorizing the complexity of PCNL.
Objectives: This study aimed to evaluate the role of Guys Stone Score based on KUB and intravenous urography to predict the success
rate, grading, and complexity of PCNL, which are performed via the upper pole access.
Methods: The present prospective, non-randomized observational study was undertaken in the Department of Urology and Renal
transplantation, SCBMCH, Cuttack, from 1st November 2017 to 31st October 2019. A total of 104 patients were enrolled in the study
in whom PCNL was performed through superior calyceal puncture, based on preoperative intravenous pyelogram. The Guy’s Stone
Score was calculated, and the complexity of the procedure was graded using radiological studies, then the outcome was determined
accordingly.
Results: In this study, 59.6% of the patients had immediate success among them 29.0% had grade 3, and 6.5% had grade 4 GSS.
Moreover, 38.4% of the patients had clinically significant residual fragments among them, 75.0% had grade 4, and 20.0% had grade
3 GSS.23% of the patients underwent REDO-PCNL and 11.5% of the patients underwent accesory/ancillary procedure of ESWL.
Conclusions: The present study shows that an intravenous pyelogram-based Guy’s Stone Score (GSS) is an easy-to-use tool in pre-
dicting the early success rate and potential difficulties and complications in PCNL performed through superior calyceal puncture.
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1. Background

The estimated lifetime prevalence of kidney stone dis-
ease is 1 - 15% and varies by the age of life, gender, race, and
geographic area (1). Its current treatment options apart
from open surgery include percutaneous nephrolitho-
tomy (PCNL), retrograde intra-renal surgery (RIRS), and ex-
tracorporeal shock wave lithotripsy (ESWL) (2, 3). Nowa-
days, for big (typically > 2 cm) renal and upper ureteric
stones, PCNL is widely regarded as first-line treatment (4).
Success rate and complication rate are assessment param-
eters of PCNL outcome. The definition of success in PCNL is
lack of any residual stone fragments on X-ray or/and com-
puted tomography (CT) or observation of residual frag-
ments (CIRF) that are not clinically significant. The CIRF
is an asymptomatic, non-infectious, non-obstructive resid-

ual fragment of less than four mm (5).

Because most of the intrarenal collecting systems can
be accessed by superior calyceal puncture in PCNL, good
stone clearance can be achieved (6). Nowadays, for post-
PCNL complications and success prediction, various scor-
ing tools are used, such as Guy’s Stone Scoring (GSS) sys-
tem (7), STONE nephrolithometry scoring system (8), and
CROES (Clinical Research Office of Endourological Society)
nomogram (9). In this regard, GSS can be assigned by calcu-
lation based on simple X-ray, IVP, and CT scan. Although CT
scan provides more accurate details, it is expensive that is
associated with higher radiation exposure, and also is not
widely available in developing countries. Plain X-ray KUB
and IVP are cheap and commonly done in developing coun-
tries (4, 10).
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2. Objectives

This study is a single institution-based prospective
study, which aimed to focus on the association of an intra-
venous pyelogram (IVP) based GSS with post-superior ca-
lyceal puncture PCNL success rates and complications.

3. Methods

This prospective, observational and non-randomized
study was done on 104 patients from 1st November 2017
to 31st October 2019. All patients with renal stone who
underwent PCNL by upper calyceal access were included
in the study. All other patients who were not suitable for
operation (Un-controlled blood disorders, high heart/lung
risk, sepsis), patients who underwent inferior and mid-
dle calyceal access, abnormal renal anatomy, and pediatric
patients, were excluded from the study. All included pa-
tients were properly evaluated and assigned by Guy’s Stone
Score based on IVP. The PCNL was done in prone position
with Upper Calyceal Puncture with 18G IP needle under
CARM fluoroscopy. Various preoperative and postopera-
tive parameters (age, gender, BMI, comorbidity, history of
previous surgery, stone size, stone location, stone lateral-
ity, Guy’s stone score, type of puncture, number of tracts,
duration of surgery, any intra-operative events, residual
fragments, change in hemoglobin and blood transfusion,
change in renal parameters, complications according to
Clavien-dindo grading, hospital stay, any ancillary pro-
cedure, readmission, immediate success) recorded and
graded according to GSS.

Based on stone burden and the anatomy, Thomas et
al. (7) graded “Guy’s Stone Score” into the following four
groups: Grade I: Single calculous in the middle/inferior
pole or single calculus in renal pelvis with simple anatomy.
Grade II: Single calculous in superior pole or multiple cal-
culi in patients with simple anatomy/single calculous in
patients with abnormal anatomy. Grade III: Multiple cal-
culi in patients with abnormal anatomy/calyceal diver-
ticular stone/partial Staghorn stone. Grade IV: Staghorn
stone/any type of stone in patients with spinal injury or
spina bifida.

Possible pulmonary complications were evaluated by
postoperative chest radiographs in recovery room. Post-
operative X-ray KUB radiographs were also obtained in all
cases and re-look PCNL, or any further procedure was de-
cided based on that. Patients were usually discharged after
48 h with DJ stent in situ in uncomplicated cases. The DJ
stents were removed after three weeks. The patients were
followed up at three weeks for DJ stent removal if DJ stent
was placed and then at six weeks with X-ray KUB.

All data were entered into a proforma created specifi-
cally for the study. Microsoft excel 2013 was used to store
the information gathered. The data from 104 patients were
examined, coded, and entered into IBM SPSS 24 for statisti-
cal analysis. The Chi-square test was used, as well as one-
way analysis of variance (ANOVA) as a significance test for
outcome analysis. A p-value of less than 0.05 was consid-
ered statistically significant.

4. Results

A total of 104 patients who underwent PCNL via upper
calyceal access were analyzed. All relevant parameters of
the study are summarized in Table 1. Totally, 12 patients
were in GSS grade 1, 30 in GSS grade 2, 28 in grade 3, and
34 in grade 4. The mean age of patients was 41.6 ± 12.0.
Males were highly predominant, with a share of 69.2%. The
mean BMI was 24.29 ± 3.9 Kg/m2. Most of the obese and
overweight patients were in GSS grades 3 and 4. More-
over, 25% of the patients had DM, and 30.8% with hyperten-
sion. Comorbidity were mainly in GSS grades 3 and 4. The
mean ± SD of stone size was 25.1 ± 8.66 (15 - 45) mm. The
mean stone size significantly increased with an increase in
GSS grade. The mean ± SD of duration of completion of
surgery was 80.73± 28.559 (40 - 135) minutes. Also, 38.4% of
the patients had clinically significant residual fragments
(CSRF), and 11.5% had clinically insignificant residual frag-
ments (CIRF). Among the patients with CSRFs, 75.0% had
grade 4, and 20.0% had grade 3 GSS, whereas among CIRFs,
66.7% had grade 3 and 33.3% had grade 4 of GSS. Moreover,
23% of patients underwent REDO-PCNL, while 13.5% of the
patients underwent ESWL. There were 58 patients in CD
grade 1, 40 patients in CD grade 3, and six in CD grade 2.
Among the patients with CD grade 1 complications, 6.9%
had grade 4 GSS, whereas, with CD grades 2 and 3, there
were 33.0% and 70.0% grade 4 GSS (Figure 1). Six patients
underwent intercostal tube drainage for pulmonary com-
plications. In addition, 2.49± 1.08 percent was different in
pre-and post-surgery mean hemoglobin (Hb). In the pre-
operative and postoperative difference of mean serum cre-
atinine was 0.05 ± 0.14. Mean ± SD duration of hospital
stay was 6.69 ± 6.4 days. Mean duration of hospital stay
increased with higher grade of GSS. Sixty-two patients had
immediate success among them, 29.0% had grade 3, and
6.5% had grade 4 GSS (Figure 2). Ten patients readmitted
for urosepsis, six for sepsis and fever.

5. Discussion

Renal stone diseases are one of the major problems of
patients presented to urology clinics, which affect about
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Table 1. Parameters According to Guys Stone Score (N = 104)

Guy’s Stone Score 1
(N = 12)

Guy’s Stone Score 2
(N = 30)

Guy’s Stone Score 3
(N = 28)

Guy’s Stone Score 4
(N = 34)

P-Value

Age (mean), y 36.7 38.6 45.9 42.3 0.51

Gender (M: F) 6:6 22:8 18:10 26:8 0.324

Comorbidity 2 14 16 20 0.00

Overweight 6 6 12 18 0.128

DM 2 6 8 8 0.12

Hypertension 0 4 12 12 0.12

Previous renal surgery 0 4 4 18 0.00

Laterality (Rt: Lt) 4:8 8:22 18:10 16:18 0.029

Mean stone size (largest diameter in mm) 18.67 17.4 23.07 35.82 0.00

Puncture (supracostal/sub/supra + sub) 6/6/0 16/14/0 28/0/0 14/20 0.00

No. of track (1/> 1) 12/0 30/0 28/0 14/20 0.00

PCNL type (Classical/Tubeless/Total tubeless) 0/4/8 0/20/10 28/0/0 34/0/0 0.00

Residual fragments (CSRF/CIRF) 0/0 2/0 8/8 30/4 0.00

Ancillary procedure (PCNL/ESWL) 0 2(0/2) 10(4/6) 30(20/10) 0.00

Complications Clavien-dindo grade (1/2/3) 12/0/0 24/4/2 18/0/10 4/2/28 0.00

UTI, Sepsis 0 4 6 16 0.00

Hematuria 0 2 8 18 0.00

Hemothorax 0 0 0 6 0.00

Colonic injury 0 0 0 2 0.00

Mean Hb change 0.73 0.64 1.18 2.49 0.00

Mean serum creatinine change 0.05 0.03 0.05 0.07 0.63

Mean hospital stay (day) 2.67 3.47 4.79 12.53 0.00

Immediate success (%) 100 93 64.3 11.8 0.00

Readmission 0 0 4 14 0.01

12% of the world population at some stages in their lifetime
(11). The PCNL varies in its complexity, and several preoper-
ative nomograms have been used for the prediction of suc-
cess rates and correlation with the complication rates with
technical difficulty at present era. Thomas et al. (7) devel-
oped Guy’s score using intravenous pyelogram findings to
classify the patients. In the study by Singh et al. (12), the
success rate for the management of complicated renal cal-
culi was shown to be higher in the upper calyceal puncture
group than in the lower calyceal puncture group. In the
present study, patients had a mean age of 41.6± 12.0, which
is comparable to the study by Kumar et al. (13), where the
mean age of the patients was 40.8 ± 8.72 years. Thomas
et al. (7) observed that the mean age was 51.7± 16.4 and in
Khalil et al.’s study was 47.38± 14.6 years (14). Slightly lower
mean age in the present study than aforementioned stud-
ies may be due to larger number of patients of younger age
group presented in the hospital who are usually earning
members of the family.

In Lojanapiwat et al.’s study (4), the number of pre-
vious open renal surgery did not affect outcome signif-
icantly (P = 0.79); however, Hu et al. (15) found that

there were higher dip in hemoglobin, more need for renal
angiographic embolization and secondary management,
more operative duration and less early calculus free rate
in patients who had a previous history of an open renal
surgery. After surgery, there is retroperitoneal peri-renal
scar, which may also involve in collecting system, thereby
causing pelvicalyceal distortion and infundibular stenosis.
This altered anatomy may affect stone formation and grade
of GSS.

Although most intrarenal collecting systems can be ac-
cessed by superior calyceal puncture, it has a greater risk of
pulmonary complications (16). Yan et al. (16) observed that
supra-costal puncture was not associated with increased
intrathoracic complication or morbidity if done by an ex-
perienced surgeon.

After the introduction of ESWL and the development of
endourological interventions, residual calculi which, were
small in diameter can be manageable, but insignificance
of CIRF is questionable because small stones may become
significant and result in infection and pain. In a study by
Ganpule and Desai (17) residual fragments were identified
in 7.57% of the patients.

Nephro-Urol Mon. 2022; 14(2):e121179. 3
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Figure 1. Clavien-dindo grade complications
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Figure 2. Immediate success rate

In the study by de Souza Melo et al. (18) total complica-
tion rate was

14.3%, and most common complication was bleeding
with transfusion rate of 4.8%. Hematuria during PCNL de-
pends on stone size, location, number of access tracts,
attempts with multiple punctures, supra-pole puncture,

lesser trained surgeon, single kidney, and staghorn stone.
Occasionally neighboring organs like gut, vessels, liver,
and spleen can be injured. Pneumothorax can be devel-
oped due to close proximity of superior renal pole with
thorax. This may require chest tube placement temporar-
ily to drain air and fluid in case of pneumothorax or
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hemothorax.

In many studies, GSS one had minimum complications
(18.9%), whereas GSS 4 had the highest (61.5%), but it is in dis-
cussion forum to establish a positive correlation of com-
plications with GSS grade. It was observed by Jiang et al.
(19) that one scoring system was Guy stone score to predict
complications after PCNL.

In the present study, the definition of success in PCNL
is the lack of any residual stone fragments on X-ray or/and
computed tomography (CT) or observation of residual
fragments (CIRF) that are not clinically significant on day
one after operation and no intervention was required.
Moreover, 29.0% of success cases had grade 3, and 6.5% had
grade 4 of GSS. Higher proportion of immediate success
was found among lower grade of GSS (P = 0.000). In the
study by Lojanapiwat et al. (4), 87.50% success rate was
observed in GSS1,71.43% success rate was observed in GSS2,
53.62% success was observed in GSS3, and 38.46% success
rate was observed in GSS4 (P < 0.01). In the study by Kumar
et al. (13), the success rate correlated with Guy’s stone score
(P < 0.0001). In the study by de Souza Melo et al. (18), it was
found that success rate was inverse to the stone complexity
graded with GSS. Mandal et al. (8) found the SFR for grade
I, II, III, and IV were 81%, 72%, 35%, and 29%, respectively.

Readmission is hospitalization within 30 days of a
discharge from the same or different hospital with the
same well-being issue. In PCNL, uncontrolled pain, infec-
tion/sepsis, hematuria, urinary retention, and DJ stent dis-
placement are usual causes of readmission. Readmission
after PCNL were more associated with higher level of GSS
(P = 0.001). Keskin et al. (20) found that total readmission
of 27.1% in which hematuria was seen in 2.2%, sepsis 9.6%,
and DJ stent replacement in 3.9%. Free bed in government
hospital is also one reason for frequent readmission.

The “Guy’s Stone Score” is a useful technique for cate-
gorizing the complexity of PCNL. It is based on plain x-ray
KUB, and x-ray intravenous urography is cheap, which is a
useful investigation in low-income countries. It also has
lower radiation hazards than computerized tomogram
scan. This study confirmed that intravenous urography-
based Guy’s Stone Score (GSS) is an easy tool to predict the
early success rate and potential difficulties and complica-
tions in PCNL performed through superior calyceal punc-
ture.

This study has some limitations as follows: it is a sin-
gle institute-based observational study, small sample, only
upper pole access PCNL, more than one surgeon operated
the patients, no recruitment of kidney anomalies. No com-
parison was made with other nephrolithometry scores be-
cause they were based on computerized tomogram scans.
Further study is required to overcome these limitations.

5.1. Conclusions

This study shows that intravenous pyelogram-based
Guy’s Stone Score (GSS) is a reliable, easy to use technique
to predict early success rate and potential post- PCNL com-
plications performed via upper pole access.
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