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Comparison of Stone Scoring Systems in Predicting Outcomes of
Percutaneous Nephrolithotomy in Patients with Solitary Kidney
Tek Böbrekli Hastalarda Uygulanan Perkütan Nefrolitotominin Sonuçlarını Tahmin Etmede
Taş Skorlama Sistemlerinin Karşılaştırılması
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What’s known on the subject? and What does the study add?
There are various studies in the literature evaluating the efficacy of stone scoring systems in predicting the outcomes and postoperative
complications of percutaneous nephrolithotomy. The treatment of kidney stones in patients with solitary kidney is a challenge for the
surgeon. When we searched the literature, we observed that there is no study evaluating the efficacy of scoring systems in patients with
solitary kidney. In our study, it was shown that Clinical Research Office of the Endourology Society nomogram was the most effective factor
in predicting the outcome of the surgery, but both scoring systems were not effective in predicting postoperative complications.

Abstract
Objective: To assess efficacy of the Guy’s Stone score (GSS) and Clinical Research Office of the Endourological Society (CROES) nomogram in
predicting outcomes of percutaneous nephrolithotomy (PCNL) in patients with solitary kidney.
Materials and Methods: Ninety patients with solitary kidney, who underwent PCNL between 2010 and 2018 in our center, were evaluated.
Demographic characteristics and preoperative laboratory results of the patients were recorded. Operative time, duration of anesthesia, access
number, stone location, supracostal access, stone-free (SF) rate, complication rate, nephrostomy tube removal time and length of hospital stay were
recorded.
Results: Data of patients with residual stones and SF patients were compared. In the analysis of groups; GSS, CROES score, stone burden, preoperative
creatinine value, multiple accesses and presence of staghorn stone were found to be significant factors related with SF status. When data was
evaluated according to complication status, stone burden, GSS, CROES score, multiple accesses and stone location were significant factors. In
multivariate analysis, the most significant factors in predicting SF and complication status were CROES score (p=0.019) and stone burden (p=0.012),
respectively.
Conclusion: PCNL is an effective method in the treatment of stones in solitary kidney. CROES score is a better predictor of SF status in patients with
solitary kidney. Patients with high stone burden are more prone to complications.
Keywords: Percutaneous nephrolithotomy, Solitary kidney, Guy’s Stone score, CROES nomogram

Öz
Amaç: Guy Taş skorunun (GSS) ve Endouroloji Derneği Klinik Araştırma Ofisi (CROES) nomogramının tek böbrekli hastalarda perkütan nefrolitotomi
(PCNL) sonuçlarını öngörmedeki etkinliğini değerlendirmek.
Gereç ve Yöntem: Kliniğimizde 2010 ve 2018 yılları arasında PCNL uygulanan tek böbrekli 90 hasta değerlendirildi. Hastaların demografik özellikleri
ve preoperatif laboratuvar sonuçları kaydedildi. Operasyon süresi, anestezi süresi, akses sayısı, taş yerleşimi, suprakostal erişim, taşsızlık oranı (TO),
komplikasyon oranı, nefrostomi çekim süresi ve hastanede kalış süresi kaydedildi.
Bulgular: Rezidüel taşlı ve taşsız hastaların verileri karşılaştırıldı. Grupların analizinde; GSS, CROES skoru, taş yükü, preoperatif kreatinin değeri,
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çoklu akses ve staghorn taş varlığı TO durumu ile ilişkili önemli faktörlerdi. Veriler komplikasyon durumuna göre değerlendirildiğinde; taş yükü,
GSS, CROES skoru, çoklu akses ve taş yerleşimi önemli faktörlerdi. Çok değişkenli analizlerde TO ve komplikasyon durumunu öngörmede en önemli
faktörler sırasıyla CROES skoru (p=0,019) ve taş yükü (p=0,012) idi.
Sonuç: PCNL, tek böbrekli hastalarda taşların tedavisinde etkili bir yöntemdir. CROES skoru tek böbreği olan hastalarda TO durumu için daha iyi bir
belirleyicidir. Yüksek taş yükü olan hastalar komplikasyonlara daha yatkındır.
Anahtar Kelimeler: Perkütan nefrolitotomi, Tek böbrek, Guy Taş skoru, CROES nomogramı

Introduction
Renal stone treatment in solitary kidney is a challenge for
urologists. Although it is hard to make decision for surgeons
in the treatment of the patients with solitary kidney, there
is no different recommendation in the current guidelines for
such special cases. In the current European Association of
Urology guidelines, while retrograde intrarenal surgery (RIRS),
percutaneous nephrolithotomy (PCNL) and extracorporeal shock
wave lithotripsy (ESWL) are equally suggested for the treatment
of stones in the range 1 to 2 cm, PCNL is the treatment of choice
for kidney stones larger than 2 cm (1). In the literature, there
are various studies evaluating the effectiveness of PCNL in
solitary kidneys, which revealed stone free rates (SFRs) between
59% and 100% (2,3,4,5,6). Despite the satisfactory success
rate of the procedure, many surgeons may prefer less invasive
methods considering the possible complications especially
in patients with solitary kidney. As known, PCNL is described
as a safe method for stone removal, however, it is associated
with some complications such as fever, urinary tract infection,
bleeding requiring transfusion, neighboring organ injury, loss of
the kidney and death (7). Additionally, it should be taken into
consideration that patients with solitary kidney have a thicker
parenchyma as a result of compensatory hypertrophy and are
more prone to bleeding. Possibility of total nephrectomy due to
uncontrollable bleeding, which leads to a life-long hemodialysis
or transplantation requirement, is a primary concern for the
patient and the surgeon.
Recently, different stone scoring systems have been developed
to assist surgeons in predicting surgical outcomes of PCNL
(8,9,10,11). Guy’s Stone score (GSS) and the Clinical Research
Office of the Endourological Society (CROES) nomogram are two
of the most widely used scoring systems. GSS consists of four
grades based on stone burden, stone location, and anatomical
features of the kidney. Higher GSS is associated with decreased
SFR. The CROES nomogram is consisted of variables such as size,
number and location of the stone, previous treatment, presence
of staghorn stone and number of cases treated per year in the
institution. Each factor has a score between 0 and 100 and
SFR correlates positively with the increase of the total score.
In the previously published articles, it was demonstrated that
both scoring systems were correlated well with SFR (12,13,14)
and they had similar ability in predicting surgical outcomes
(15,16,17,18).
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In the current study, we aimed to analyze the data of patients
with solitary kidney who underwent PCNL in our institute and
assess the efficiency of GSS and CROES nomogram in predicting
stone-free status and complication status.

Materials and Methods
After institutional review board approval (protocol no: 2011KAEK-25 2018/10-02), the data of 90 patients with solitary
kidney, who underwent PCNL between November 2010 and
June 2018 was, evaluated.
The procedure was performed in patients with stones greater
than 2 cm, patients with ESWL-resistant stones, and patients
who selected PCNL after receiving information about treatment
alternatives.
Patients, who had congenital solitary kidney, patients who
had a contralateral kidney which is non-functional or which
contributes less than 15% to total function (19) and those who
had undergone nephrectomy, were included in the study.
Preoperative Evaluation
Detailed physical examinations, history taking, blood count,
blood biochemistry assays, estimated glomerular filtration rate
(eGFR), urine analysis and urine culture were performed. The
Chronic Kidney disease epidemiology collaboration formula was
used to calculate eGFR (20). Kidney-ureter-bladder radiography,
ultrasonography and computed tomography (CT) were
performed for each patient. Stone size was calculated using CT
images. The two largest diameters were multiplied to calculate
the stone burden. All the calculations (stone size, GSS, CROES
score) were performed by the same surgeon.
Prophylactic antibiotic administration was performed one hour
prior to the procedure. Appropriate antibiotic therapy was
administered in patients with positive urine culture and the
procedure was delayed until the sterile urine culture was seen.
Surgical Procedure
The procedures were performed under general anesthesia by
different experienced surgeons. Following the insertion of a
6 F ureteral catheter, the patients were turned to the prone
position. Contrast agent was injected through the catheter to
visualize the renal collecting system. Access was performed
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under fluoroscopic guidance. After access was obtained, a guide
wire was inserted into the collecting system. Serial dilators
were used to dilate the access tract and a 30 F Amplatz sheath
was positioned. Stone fragmentation was performed with a
pneumatic lithotripter. The fragments were extracted using a
stone basket or a grasper. Smaller fragments were extracted by
irrigation. At the end of the procedure, antegrade pyelography
was performed to check stone clearance and a nephrostomy
tube was inserted under fluoroscopy guidance.
The demographic characteristics of the patients, such as age,
gender, and laterality, operative time, anesthesia time, access
number, stone location (located in a single calyx or in multiple
calyces), presence of supracostal access, SFR, complication rate,
nephrostomy removal time and length of hospital stay were
recorded and evaluated.
The nephrostomy catheter was removed after recovery of
hematuria. Stone clearance was assessed with CT 3 weeks after
the procedure. If there were no stone fragments on the images,
the procedure was defined as SF. Clinically insignificant residual
fragments (CIRFs) were defined as the presence of fragments
<4 mm which are non-obstructive, non-infectious and
asymptomatic. PCNL-associated complications were recorded
and classified according to the Clavien classification (21,22).
Statistical Analysis
Distribution of continuous variables was evaluated using the
one-sample Kolmogorov-Smirnov test. Comparisons between
groups were evaluated using the Pearson’s chi-squared test and
Fisher exact test for categorical variables and using the MannWhitney U test or independent samples t-test for continuous
variables. Logistic regression analysis was performed to evaluate
the independent factors associated with complication and SF
status. Statistical analysis was performed using SPSS 16.0 for
windows software (SPSS, Inc., Chicago, IL) and a p value of less
than 0.05 was considered statistically significant.

Results
Of the 90 patients who underwent PCNL, 60 were male and
30 were female. The median age of the patients was 52 years
(21-83). The procedures were performed for stones in the right
kidney in 47 patients and in the left kidney in 43. Descriptive
values of the total cohort are showed in Table 1. The causes
of having solitary kidney were contralateral nephrectomy (50
patients), non-functional kidney (11 patients), congenital
agenesis (8 patients) and contralateral kidney which contributed
less than 15% to total renal function in dimercaptosuccinic acid
scintigraphy (21 patients).
The data of the patients with residual stones and SF patients
were compared. Patients with CIRFs were included in the group
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with residual stones. The SF rate was 81.1% (73 patients) after a
single session. The procedure was unsuccessful in 5 patients and
there were CIRFs found on the images in 12 patients. ESWL was
performed after 5 unsuccessful operations and stone clearance
was achieved in 3. In the patients with CIRFs, the stones were
stable, so they were followed up. In the analysis of the groups;
GSS (p=0.005), CROES score (p=0.001), stone burden (p=0.002),
preoperative creatinine value (p=0.009), multiple accesses
(p=0.003), presence of staghorn stone (p=0.001), and to have
stones located in multiple calyces (p=0.043) were the significant
factors associated with SF status. Although the median creatinine
value was significantly higher in patients with residual stones,
eGFR was not found to be a significant factor. The evaluation
of factors associated with SF status is demonstrated in Table 1.
In our series, complications occurred in 17 patients. There were 5
grade 1, 15 grade 2 and 2 grade 3 complications (Table 2). When
the patients were evaluated according to the complication status,
stone burden (p<0.001), GSS (p=0.05), CROES score (p=0.005),
multiple accesses (p=0.003) and presence of staghorn stone
(p=0.009) were the statistically significant factors (Table 3).
Univariate and multivariate analyses of the factors affecting SF
status and complication status are demonstrated in Table 4. In
the multivariate analysis by using the forced-entry method, no
independent factor associated with SF or complication status
was found. In backward elimination, the most significant factor
to predict SF status was CROES score (p=0.019) and the most
significant factor to predict complication status was stone
burden (p=0.012).

Discussion
PCNL in patients with solitary kidney poses a significant
challenge for the urologist. Taking the sole functioning
kidney into account, the aims of the procedure should be to
achieve maximum stone clearance in a single session and avoid
complications affecting renal function. When we searched
the literature, we found various studies assessing the efficacy
of nephrolithometric systems in predicting surgical outcomes.
However, we could not find a topic comparing the efficacy of
those for PCNL in solitary kidney.
In a study performed by Bucuras et al. (2), data of 189 patients
with solitary kidney who underwent PCNL was compared
with patients with two normal functioning kidneys. SFR was
significantly lower (65.4% to 76.1%) and blood transfusion
rate was higher (10.1% to 5.6%) in patients with solitary
kidney. Also a higher cardiovascular risk and American Society
of Anesthesiologists (ASA) score were seen in this group. The
higher rate of blood transfusion was related with factors such as
higher ASA score, more prevalent anticoagulant use and thicker
parenchyma. No statistically significant difference was observed
3
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Table 1. Total cohort and association of factors with stone-free status

Age (years) [median (min-max)]

Total Cohort
(n=90)

Patients with no
residual stone
(n=73)

Patients with
p
residual stone (n=17)

52 (21-83)

51 (21-83)

53 (24-81)

0.613
0.341

Gender, n/%

-

-

-

Male
Female

60/66.7
30/33.3

47/64.4
26/35.6

13/76.5
4/23.5

Side, n/%

-

-

-

0.850

Right
Left

47/52.2
43/47.8

38/52
35/48

9/53
8/47

-

Mean hemoglobin, (g/dL) (mean ± SD)

13.744±1.85

13.76±1.66

13.69±2.58

0.890

Preoperative creatinin (g/dL) [median (min-max)]

1.2 (0.5-3.2)

1.2 (0.5-3.2)

1.6 (0.9-2.6)

0.009

Preoperative GFR (mg/dL) (mean ± SD)

63.72±25.65

66.18±25.10

53.16±26.08

0.06

Stone burden (mm2) [median (min-max)]

588 (150-4900)

500 (150-4459)

1600 (225-4900)

0.002

CROES score [median (min-max)]

208.5 (100-320)

218 (100-320)

158 (118-277)

0.001

GSS [median (min-max)]

2 (1-4)

2 (1-4)

3 (1-4)

0.005

Access number, n/%

-

-

-

0.003

Single
Multiple

55/61.1
35/38.9

50/68.5
23/31.5

5/29.4
12/70.6

-

Stone location, n/%

-

-

-

0.043

Single
Multiple

41/45.6
49/54.4

37/50.7
36/49.3

4/23.5
13/76.5

-

Staghorn stone, n/%

-

-

-

0.001

Yes
No

17/18.9
73/81.1

9/12.3
64/87.7

8/47.1
9/52.9

-

Supracostal access, n/%

-

-

-

0.101

Yes
No

23/25.6
67/74.4

16/21.9
57/78.1

7/41.2
10/58.8

-

Hydronephrosis, n/%

-

-

-

0.380

Yes
No

61/67.8
29/32.2

51/69.9
22/30.1

10/58.8
7/41.2

-

Anesthesia time (minute) [median (min-max)]

90 (55-360)

90 (55-360)

90 (65-100)

0.229

Operation time (minute) [median (min-max)]

55 (15-300)

50 (15-300)

55 (45-60)

0.869

Hospitalization day [median (min-max)]

3 (1-7)

3 (1-7)

3 (1-5)

0.165

SD: Standard deviation, GFR: Glomerular filtration rate, CROES: Clinical Research Office of the Endourological Society nomogram, GSS: Guy’s Stone score, min: Minimum, max:
Maximum

between the groups when the rates of other complications (fever,
hydrothorax, perforation, etc.) were evaluated. The significantly
lower SFR was associated with surgeon’s not taking risks in
stone removal in solitary kidneys to avoid complications (2).
In another study, data of 412 patients with single functioning
kidney was investigated. SFR and complication rate were
91.3% and 19.2%, respectively. Blood transfusion was required
in 19 patients (4.6%) and it was associated with uremia and
lower preoperative hemoglobin levels due to the uremia (23).
In our study, the mean GFR value was lower in patients with
residual stones and in patients with complications, however, no
statistically significant difference was revealed.
4

Table 2. Complications according to Clavien classification
Clavien grade 1

Fever, n/%

5/5.55

Clavien grade 2

Blood transfusion, n/%

15/16.7

Clavien grade 3

Nephrostomy tract urine leakage requiring Double 2/1.8
J-stent, n/%
Wong and associates evaluated data of 22 PCNLs which were
performed in 17 solitary kidney patients. SFR was 59%. There
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were 3 Clavien 2 complications (sepsis in 2 patients, blood
transfusion in 1) and 2 Clavien 3 complications (double J
-stenting requirement). The relatively low SFR was associated
with higher GSS than in similar studies evaluating the outcomes
of PCNL in solitary kidney (4).
In a study performed by Torricelli and co-workers, data of
27 patients with solitary kidney who underwent PCNL were
evaluated. SFR was 67%. Postoperative complications occurred
in 8 patients (29.6 %) (5 Clavien 2 and 3 Clavien 3). GSS was
calculated for each patient and 45% of the patients were
classified as having GSS 3 or 4. Conversely with our study, GSS
was not associated with complication status. On univariate
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analysis, prolonged operative time was the only factor associated
with complication status (24).
As mentioned above, there are several studies comparing the
efficacy of GSS and CROES nomogram in the literature. In a
study performed by Bozkurt et al. (15), the efficacy of GSS
and CROES nomogram in predicting SFR and complication
rate was compared. Both scoring systems had similar accuracy
in predicting SFR. Also the analysis showed that both scoring
systems revealed significant efficacy in predicting postoperative
complications (15). In a multicenter study performed by Labadie
et al. (16), a total of 246 patients, who underwent PCNL
between 2009 and 2012, were evaluated. Multivariate logistic

Table 3. Association of factors with complication status
Patients without
complication (n=73)

Patients with
complication (n=17)

p

Age (years) [median (min-max)]

54 (21-83)

52 (34-70)

0.556

Gender, n/%

-

-

0.446

Male
Female

50/68.5
23/31.5

10/58.8
7/41.2

-

Side, n/%

-

-

0.790

Right
Left

39/53.4
34/46.6

8/47
9/53

-

Mean hemoglobin (g/dL) [mean ± SD]

13.97±1.77

13.15±1.90

0.113

Preoperative creatinin (mg/dL) [median (min-max)]

1.2 (0.5-3.1)

1.3 (0.7-3.2)

0.615

Preoperative GFR (mg/dl) [mean ± SD]

64.66±25.24

59.69±27.82

0.475

Stone burden (mm ) [median (min-max)]

452 (150-4900)

1600 (500-4459)

<0.001

CROES score [median (min-max)]

216 (100-320)

158 (137-289)

0.005

GSS [median (min-max)]

2 (1-4)

2 (1-4)

0.05

Access number, n/%

-

-

0.003

Single
Multiple

50/68.5
23/31.5

5/29.4
12/70.6

-

Stone location, n/%

-

-

0.138

Single
Multiple

36/49.3
37/50.7

5/29.4
12/70.6

-

Staghorn stone, n/%

-

-

0.009

Yes
No

10/13.7
63/86.3

7/41.2
10/58.8

-

Supracostal access, n/%

-

-

0.24

Yes
No

18/22.8
61/77.2

5/29.4
12/70.6

-

Hydronephrosis, n/%

-

-

0.065

Yes
No

46/63
27/37

15/88.2
2/11.8

-

Anesthesia time (minute) [median (min-max)]

90 (55-190)

85 (55-360)

0.749

Operation time (minute) [median (min-max)]

55 (15-145)

60 (20-300)

0.531

Hospitalization day [median (min-max)]

3 (1-7)

3 (1-7)

0.448

2

SD: Standard deviation, GFR: Glomerular filtration rate, CROES: Clinical Research Office of the Endourological Society nomogram, GSS: Guy’s Stone score, min: Minimum, max:
Maximum
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Table 4. Univariate and multivariate analyses of factors
affecting stone-free status and complication status
p values
Multivariate analysis
Univariate
analysis

Logistic
regression
(enter
method)

0.003
0.002
0.002
0.005
0.048
0.002

0.502
0.124
0.361
0.118
0.191
0.464

0.001
0.008
0.027
0.005
0.013

0.111
0.375
0.328
0.080
0.514

Logistic regression
(backwardstepwise method)

Stone-free status
Stone burden
CROES score
GSS
Access number
Stone location
Staghorn stone

0.019 (Step 5)
0.095 (Step 5)

Complication status
Stone burden
CROES score
GSS
Access number
Staghorn stone

0.012 (Step 4)
0.093 (Step 4)

CROES: Clinical Research Office of the Endourological Society nomogram, GSS: Guy’s
Stone score,
Continuous variables: CROES, GSS, stone burden
Categorical variables: Access number (single-multiple), stone location (single calyxmultiple calyces), staghorn stone (yes-no)

regression analysis showed that all the scoring systems were
significantly correlated with SF status. Also, GSS and S.T.O.N.E
nephrolithometry score were significantly associated with
length of hospital stay and estimated blood loss while CROES
score was not (16).
In the current study, SFR and complication rate were consistent
with other studies. However, we found a higher rate of blood
transfusion in our series. This condition was related with a more
protective clinical approach to patients with solitary kidney
and larger stone size compared to other studies. In the analysis,
stone burden was associated with SFR and complication rate.
The main purpose of this study was to evaluate the efficacy of
GSS and CROES score in predicting SFR and complication status
in patients with solitary kidney. Both scoring systems were
correlated with SFR and complication status. In multivariate
analysis of factors affecting SFR, CROES score was the only
independent factor associated with SF status.
Concerns of patients and surgeons about the complications
of PCNL are more disturbing before procedures on single
functioning kidney. Recently, RIRS has been reported to
provide a high SFR with low complication rate and relatively
less life-threatening complications (25,26). RIRS was defined as
a successful treatment modality for stones in solitary kidneys
but a decrease in SFR was reported especially for stones larger
than 2 cm (27). Requirement of follow-up procedures after RIRS
6

may add new risks and prolong the duration of treatment. We
think that especially in solitary kidney, the modality of stone
treatment should be selected according to surgeon’s experience
and patient’s status.
The predictability of complications is an advantage for surgeon
in the pretreatment patient preparation and peroperative
decision taking. We think that the development of a PCNLspecific tool for predicting complication status is important.
Our analysis revealed that neither GSS nor CROES score was
effective enough in predicting complication prior to PCNL in
solitary kidneys.
There are some limitations of the current study. First, the data
was collected from a retrospective cohort. Second, we could not
evaluate the efficacy of S.T.O.N.E nephrolithometry score due to
lack of stone density in our cohort. Third, it was a single-center
study which may limit generalizability.

Conclusion
PCNL is an effective method in the treatment of renal stones
in solitary kidney. CROES nomogram score is a better tool in
predicting SF status in patients with solitary kidney who are
candidates for PCNL. Patients with high stone burden are more
prone to complications. Further studies should be performed
to evaluate the efficacy of nephrolithometric scoring systems
in predicting surgical outcomes after PCNL in patients with
solitary kidney.
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