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Background: This study compared the operative outcomes of percutaneous nephrolithotomy in elderly
patients with different comorbidity status and different stone complexity.
Methods: A retrospective review of medical records was performed of 113 patients aged 65 years or older
with large renal stones who underwent percutaneous nephrolithotomy between 2007 and 2016. Patients
were stratified by comorbidity status using the Charlson comorbidity index and by stone complexity using
the Guy's score. The demographic data, stone parameters, stone-free rates, and complication rates were
compared. Factors associated with complications and stone free rate were analyzed using logistic regression.
Results: Patients with higher Charlson comorbidity index were older, used more anticoagulant medi-
cations, had higher ASA score, had longer operative times, and had longer hospital stay. Patients with
higher Guy's score had higher stone burden, longer operative times, and a more significant decrease in
GFR postoperatively. Logistic regression found that pre-operative pyuria and higher Charlson comor-
bidity index increased the risk of overall complications, and higher stone burden and higher Guy's score
were associated with decreased stone free rates.
Conclusion: This study supported the use of the Charlson comorbidity index in predicting post-operative
complications and the Guy's score in predicting stone-free status in elderly patients with large renal
stones undergoing percutaneous nephrolithotomy.
Copyright © 2018, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Management of large renal calculi remains an important issue in
urological practice. With advances in surgical techniques and in-
struments, minimally invasive surgery has replaced open surgery in
the management of these stones. Percutaneous nephrolithotomy
(PCNL) was first introduced in 1980 and soon became the first-line
therapy. Despite the advantage of smaller wounds, less blood loss,
and shorter recovery time in comparison with open surgery, sur-
gical complications after PCNL are still an important issue, and the
possibility of vascular injury, pleural puncture, adjacent organ
damage, sepsis, and complications following hours of intubation
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under prone position needs to be considered. Complications have
been reported to occur in 10.3% to over 50% of PCNLs.1e6 Elderly
patients usually have more comorbidities and poorer functional
status, which may lead to higher surgical risks.7e12 Several scoring
systems have been used to predict the surgical outcomes.13e15

However, most of these scoring systems require performing mea-
surements in computed tomography images. Furthermore, while
these scoring systems helped predict stone free status, they could
not accurately predict complications.16e20 Among these scoring
systems, the Guy's scoring system (GSS) is relatively simple and the
stone's morphologic characteristics can be identified using plain X-
rays and renal ultrasonography.15 The Charlson comorbidiy index
(CCI) is a simplified health status indicator,21 which has been re-
ported to be predictive in outcomes of several clinical situations
including urological surgery-related complications.8,9,22e27 In this
icine. Published by Elsevier Taiwan LLC. This is an open access article under the CC
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context, we retrospectively reviewed elderly patients who received
PCNL at our institution in the past ten years and analyzed factors
affecting post-operative complications and stone free rates.

2. Patients and methods

2.1. Patients

We retrospectively reviewed the medical records of patients
aged�65 years at the time of receiving PCNL at our institution from
June 2007 to December 2016. Patients receiving surgery for bilat-
eral stones and those with incomplete image records or laboratory
data were excluded. Clinical, stone-related, and peri-operative pa-
rameters as well as post-operative complications were recorded.
Clinical parameters included age, sex, bodymass index (BMI), use of
anticoagulant medications, ASA score, and the presence of pre-
operative pyuria. The recorded stone-related parameters included
laterality, access location, degree of hydronephrosis, and pre-/post-
operative stone burden. Peri-operative parameters included oper-
ative times, duration of hospital stay, and pre-/post-operative he-
moglobin level and glomerular filtration rate (GFR). We evaluated
the pre-existing comorbidities and calculated the Charlson co-
morbidity index score. The Guy's scores for each stone were also
calculated from pre-operative X-rays and renal ultrasonography.

Patients were divided into 3 groups according to the CCI (0,1, >1)
and 4 groups according to GSS (1e4). The CCI features 19 conditions
for which weighted scores of 1, 2, 3, or 6 are assigned according to
the severity of the condition. The CCI score is the sum of the
weighted scores for all comorbidities and ranges from 0 to 37.21 The
GSS classifies renal stones into 4 grades according to morphology15:

Guy's 1: a solitary stone in the mid/lower pole or in the renal
pelvis with normal anatomy, Guy's 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 (cases in which the
operating surgeon believes access may be difficult, e.g., abnormal
renal anatomy, an abnormal collecting system, or a patient with an
ileal conduit), Guy's 3: multiple stones in a patient with abnormal
anatomy or in a calyceal diverticulum or partial staghorn calculus
(stone involving the renal pelvis and at least 2 calices), and Guy's 4:
a complete staghorn calculus (all calices and the pelvis occupied by
stones) or any stone in a patient with spina bifida or a spinal injury.

2.2. Surgical technique

Patients routinely received general anesthesia with intubation.
Insertion of double-J ureteral stents or retrograde ureteral catheters
was performed in most of the cases. Ultrasound-guided puncture
was then performed with the patient in prone position either
subcostally or intercostally (between 11th and 12th ribs). The ac-
cess routes were sequentially dilated with Amplatz fascial dilators
and maintained with a 24 French Amplatz sheath. Lithotripsy was
performed with 18 French nephroscopy and pneumatic ultrasonic
lithoclast under continuous saline solution irrigation. Stone frag-
ments were removed with grasps or washed out with irrigating
fluids. At the end of the procedure, a 21 French silicone tube was
routinely inserted, and was clamped and removed in the 1st or 2nd
post-operative day in the absence of fever or marked hematuria.

2.3. Statistical analysis

The clinical characteristics, stone-related parameters, peri-
operative parameters, and post-operative complications were
compared using chi-square test or fisher's exact test. Univariate and
multivariate logistic regression analyses were performed to deter-
mine the odds ratios (OR) and 95% confidence intervals (CI) of
variables affecting complications, initial stone free status, and final
stone free status.

All reported p values were based on two-sided tests, and were
considered statistically significant if they were less than 0.05. Data
were analyzed using IBM SPSS release 21.0 (IBM, Armonk, New York).

The use of data and the research protocol of the study were
permitted and approved by the Mackay Memorial Hospital Insti-
tutional Review Board. Patients' consent to review their medical
records was not required. According to the regulations of Mackay
Memorial Hospital Institutional Review Board, collection of
noninvasive materials for routine practice and data prepared
retrospectively for future publications does not require informed
consent. All personal information was de-identified prior to data
analysis, thus covering patient data confidentiality.

3. Results

In total, 113 patients were included this study. The mean age was
69.5 years. Tracing back all the cases, there were no urological sur-
gery which would cause anatomical change except one case
received unilateral nephrectomy due to renal cell carcinoma. This
patient had post-PCNL sepsis which was treated with a 10-day
antibiotic course and was then discharged uneventfully. There was
record of only one patient with recurrent urinary tract infection
(UTI) history prior to surgery. The patient had several episodes of
UTI due to Pseudomonas aeruginosa and Escherichia coli. That patient
had a neurogenic bladder which required long-term catheterization.
As a result, UTIs continued to recur in this patient despite removal of
the renal stone. There were three cases with history of pulmonary
disease: one had lung cancer, which was treated by video assisted
wedge resection, another one had chronic obstructive pulmonary
disease under regular medical control, and the third one had
pneumoconiosis. All these cases had smooth surgical procedures
without intra-operative or peri-operative adverse events.

Patient stratification by CCI showed that patients with higher
CCI were older (p ¼ 0.043), more commonly used anticoagulant
medications (p ¼ 0.023), had higher ASA score (p ¼ 0.005), had
longer operative times (p ¼ 0.031), and had longer hospital stay
(p ¼ 0.003). High CCI was also correlated with post-operative fever
(p ¼ 0.017) and sepsis (p ¼ 0.018) (Table 1).

Patients with high Guy's scores had larger stone burdens
(p < 0.001) and longer operative times (p < 0.001). There was a
positive correlation between higher Guy's score and decreased GFR
(p ¼ 0.031), but there was no statistical significant correlation be-
tween Guy's score and complications (Table 2).

Complications occurred in 34 patients (30%), including peri-
operative blood transfusions in 13 cases (11.5%), post-operative
sepsis in 7 patients (6.1%), post-operative urinary tract infection
in 4 cases (3.5%), gastrointestinal tract bleeding in 4 cases (3.5%),
hydrothorax in 2 patients (1.8%), prolonged urine leak from the
wound after tube removal (>24hrs) in 2 patients (1.8%), and cere-
brovascular event, non-urological infection (osteomyelitis), ileus,
renal artery aneurysm, and ureteral penetration by double-J cath-
eter in 1 case each (0.9%) (Table 1). Fifty-eight patients were stone-
free after the surgery (51.3%). An additional 26 patients were also
stone-free with further ESWL or secondary PCNL, resulting in a
74.3% final stone free rate (84/113 patients) (Table 2).

Logistic regression analysis of the factors related to overall
complications showed that female gender, pre-operative pyuria,
and CCI score were significantly associated with increased risk of
overall complications after univariate analysis, while pre-operative
pyuria (OR ¼ 3.464, 95% CI ¼ 1.25e9.55) and CCI score (CCI ¼ 1
versus 0, OR ¼ 6.836, 95% CI ¼ 1.80e25.91; CCI>1 versus 0,
OR ¼ 11.073, 95% CI ¼ 3.02e40.47) remained associated after
multivariate analysis (Table 3).



Table 1
Patient demographics by CCI group.

CCI ¼ 0
n ¼ 43

CCI ¼ 1
n ¼ 35

CCI > 1
n ¼ 35

P value

Age (years, range) 70 (67e72) 68 (66e71) 71 (69e75) 0.043
Sex
Male 20 16 17 1
Female 23 19 18

BMI 25.5 (22.7e28.3) 25.9 (23.1e28.3) 24.2 (22.5e28.8) 0.819
Laterality
Left 24 24 16 0.154
Right 19 11 19

Anticoagulants 1 4 8 0.023
Intercostal access 9 8 10 0.789
Stone burden
(mm2, range)

541 (288e1150) 760 (304e1221) 596 (393e1090) 0.736

Pre-operative pyuria 13 7 16 0.07
ASA score
1 4 2 0 0.05
2 30 27 16
3 8 5 16

Operative time (min.) 108 (74e130) 117 (95e142) 117 (100e170) 0.031
Hospital stay (days) 5 (4e6) 6 (4e7) 6 (5e11) 0.003
△Hb (g/dL) 1 (0.5e1.6) 1.1 (0.3e1.6) 0.9 (0.3e1.7) 0.933
△GFR 0 (�8.9e9.6) 7.45 (0e15.78) 2.5 (�1.1e11.7) 0.229
Blood transfusion 3 5 5 0.502
Fever 7 12 16 0.017
Sepsis 0 2 5 0.018
Urine leak 0 2 0 0.188
Pleural effusion 0 1 1 0.524
Infection
UTI 1 0 3 0.194
Other 0 1 0 0.619

GI bleeding 0 1 3 0.107
CVA 0 1 0 0.619
Ileus 0 0 1 0.619
Aneurysm 1 0 0 1
DJ complication 0 0 1 0.619

Bold: statistically significant.
BMI ¼ body mass index, ASA score ¼ American society of anesthesiologist physical status classification, △Hb ¼ change in hemoglobin level, △GFR ¼ change in Glomerular
filtration rate, UTI ¼ urinary tract infection, CVA ¼ cerebral vascular accident, DJ ¼ double-J ureteral catheter.
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Spearman's correlation analysis showed that neither of the
scoring systems was correlated to the severity of complications
stratified according to the Clavien-Dindo classification. (CCI
score:r ¼ 0.092, p ¼ 0.552; Guy's score: r ¼ 0.063, p ¼ 0.685).

Smaller stone burden, shorter operative time, and lower Guy's
score were associated with higher initial stone free rates after uni-
variate analysis, while lower Guy's score (GSS ¼ 3 versus 1,
OR¼ 0.218, 95% CI¼ 0.053e0.896; GSS¼ 4 versus 1, OR¼ 0.048, 95%
CI ¼ 0.004e0.510) remained associated after multivariate analysis.

Univariate analysis showed that stone burden (OR ¼ 0.999,
95% CI¼ 0.998e0.999) and Guy's score (GSS¼ 3 versus 1, OR¼ 0.088,
95% CI ¼ 0.011e0.725; GSS ¼ 4 versus 1, OR ¼ 0.048, 95% CI ¼
0.055e0.347)were associatedwith the final stone free rate, but these
associations were not seen in multivariate analysis (Tables 4 and 5).

4. Discussion

The main concerns of managing large or complex stones with
PCNL are post-operative complications and decreased stone free
rates, which may greatly affect elderly patients. Early studies re-
ported identical outcomes between different age groups.2,28 How-
ever, recent studies reported higher risk of overall complications or
high Clavien-grading complications in older patients.7e11 As a
result, in elderly patients, predicting peri-operative outcome is of
utmost importance in guiding management.

Several scoring systems have been used to describe stone
complexity. The most popular scoring systems are the Guy's score,
the S.T.O.N.E score, and the CROES nomogram.13e15 These scoring
systems were designed to predict the outcomes of surgical
intervention. While proving reliable on predicting the stone free
rates, controversy remained regarding the predictive value of these
scoring systems for complications.17,19,20,29 Calculating the S.T.O.N.E
score and CROES nomogram is more challenging on daily practice
due to the need for detailed image and clinical data (e.g., stone
burden, tract length, case volume of the facility, etc.). Limited by the
retrospective nature of this study, we only calculated the Guy's
score, as most of the cases received plain X-ray, intravenous pye-
logram, or renal ultrasonography instead of computed tomography.
In our study, the Guy's score was the only predictive factor of stone
free status after a single procedure. The Guy's score and stone
burden were positively correlated to the final stone free status on
univariate analysis. These results were compatible with those of
previous studies in non-elderly patients.5,15,19,20,30,31 In our study,
the Guy's score was also correlated to stone burden, operative time,
and GFR change. All these clinical factors are directly related to
stone complexity. The study groups of Vicenti et al andMandal et al
reported correlations between Guy's score and surgical complica-
tions, but their results were not supported by other studies.5,16e20 A
recent multi-center study which included 586 patients reported a
weak correlation between the Guy's score and complications, and
the statistical significance was found only in univariate analysis.32

In our study, the Guy's score was not found to be associated with
PCNL-related complications. Therefore, the Guy's score was useful
for predicting stone free status, but is an unreliable predictor of
complications. Instead of using scores for stone complexity, Ali et al
used a previously existing scoring system for health status, the CCI,
to predict the morbidity and mortality after PCNL.9 The CCI score is
the sum of the weighted scores of 19 medical conditions, and it can



Table 2
Patient demographics by GSS.

GUY’S 1
n ¼ 30

GUY’S 2
n ¼ 13

GUY’S 3
n ¼ 39

GUY’S 4
n ¼ 31

P value

Age 70 (66e72) 70 (68e73) 70 (67e73) 66 (66e74) 0.693
Sex
Male 15 5 20 13 0.786
Female 15 8 19 18

BMI 25.5 (23.1e27.6) 27.6 (23.5e29.1) 24.9 (22.7e28.8) 25.9 (21.7e27) 0.744
Laterality
Left 18 6 24 16 0.711
Right 12 7 15 15

Anticoagulants 4 3 3 3 0.496
Intercostal puncture 7 2 9 9 0.824
Stone burden 239 (172e326) 393 (284.5e638) 618 (472e859) 1415 (1191e1946) <0.001
Pre-op pyuria 9 7 9 11 0.216
ASA score
1 1 0 3 2 0.837
2 22 8 22 21
3 6 4 12 7

OP time (min.) 93.5 (73e120) 109 (88e129) 115 (90e130) 141 (112e189) <0.001
Hospital stay (day) 5 (4e7) 5 (4e6) 6 (4e7) 6 (5e7) 0.547
△Hb 0.65 (0.23e1.47) 0.95 (0.38e2.08) 1.1 (0.3e1.65) 0.9 (0.6e1.6) 0.612
△GFR 0 (�11.3e9.6) �2.45 (�19.4e1.87) 8.4 (0e12.55) 6.5 (0e20.6) 0.031
Blood transfusion 2 2 2 7 0.106
Fever 8 3 11 13 0.51
Sepsis 2 1 3 1 0.859
Urine leak 1 0 0 1 0.624
Pleural effusion 1 0 0 1 0.624
Infection
UTI 0 1 2 1 0.55
Non-urologic 1 0 0 0 0.381

GI bleeding 1 0 2 0 1
CVA 0 0 1 0 1
Aneurysm 0 0 0 1 0.655
DJ complication 0 0 1 0 1

Bold: statistically significant.
BMI ¼ body mass index, ASA score ¼ American society of anesthesiologist physical status classification, △Hb ¼ change in hemoglobin level, △GFR ¼ change in Glomerular
filtration rate, UTI ¼ urinary tract infection, CVA ¼ cerebral vascular accident, DJ ¼ double-J ureteral catheter.
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be calculated quickly and easily in clinical practice.21 Studies on
other urological surgeries including radical prostatectomy, tran-
surethral resection of prostate, and radical cystectomy also re-
ported significant validation of the CCI score in predicting surgical
morbidities or mortalities.22e26 Unsal et al applied the CCI score
on aged patients and found a statistically significant association
between CCI and hemorrhagic events and life threatening compli-
cations.8 Our study found the CCI score to be positively correlated to
post-operative fever, sepsis, and overall complications.
Table 3
Logistic regression analysis of factors associated with overall complications.

Variables Univariate Multivariate

OR (95% CI) OR (95% CI)

Age 1.029 (0.931e1.138)
Gender (male/female) 0.421 (0.181e0.979) 0.471 (0.177e1.252)
BMI 0.911 (0.809e1.026)
Laterality (Right/Left) 1.239 (0.552e2.781)
Anticoagulants 1.530 (0.462e5.070)
Intercostal puncture 2.327 (0.946e5.727)
Stone burden 1.000 (1.000e1.001)
Pre-operative pyuria 3.812 (1.622e8.959) 3.464 (1.256e9.550)
ASA score 1.825 (0.813e4.096)
Operative time 1.009 (1.000e1.017)
CCI-group
1/0 5.087 (1.467e17.638) 6.836 (1.804e25.911)
>1/0 10.324 (3.036e35.109) 11.073 (3.029e40.478)

Guy's score
2/1 1.460 (0.342e6.227)
3/1 1.460 (0.493e4.324)
4/1 1.807 (0.589e5.545)

Bold: statistically significant.
BMI ¼ body mass index, ASA score ¼ American society of anesthesiologist physical
status classification.
In addition to the CCI score, pre-operative pyuria was also
significantly correlated to overall complications after multivariate
logistic regression. Several studies reported that positive urine
cultures significantly affected the rate of sepsis after PCNL.33e35

Our study showed that higher CCI scores were also correlated
with pre-operative use of anticoagulation agents, ASA score, oper-
ative time, and length of hospital stay. The most frequently recor-
ded comorbidities leading to higher CCI scores were diabetes, acute
Table 4
Logistic regression analysis of factors associated with initial stone free status.

Variables Univariate Multivariate

OR (95% CI) OR (95% CI)

Age 1.043 (0.950e1.146)
Gender (male/female) 1.120 (0.535e2.346)
BMI 0.993 (0.898e1.097)
Laterality (Right/Left) 0.847 (0.402e1.784)
Anticoagulants 1.121 (0.352e3.571)
Intercostal puncture 1.524 (0.634e3.661)
Stone burden 0.997 (0.996e0.998) 0.999 (0.998e1.001)
Pre-operative pyuria 0.786 (0.356e1.736)
ASA score 1.398 (0.679e2.878)
Operative time 0.982 (0.972e0.992) 0.993 (0.980e1.006)
CCI-group
1/0 1.533 (0.624e3.766)
>1/0 1.218 (0.498e2.976)

Guy's score
2/1 0.513 (0.097e2.711) 0.662 (0.119e3.695)
3/1 0.146 (0.043e0.498) 0.218 (0.053e0.896)
4/1 0.016 (0.003e0.081) 0.048 (0.004e0.510)

Bold: statistically significant.
BMI ¼ body mass index, ASA score ¼ American society of anesthesiologist physical
status classification.



Table 5
Logistic regression analysis of factors associated with final stone free status.

Variables Univariate Multivariate

OR (95% CI) OR (95% CI)

Age 1.028 (0.922e1.146)
Gender (male/female) 1.119 (0.479e2.612)
BMI 0.942 (0.841e1.055)
Laterality (Right/Left) 0.635 (0.272e1.483)
Anticoagulants 0.505 (0.151e1.691)
Intercostal puncture 2.357 (0.739e7.512)
Stone burden 0.999 (0.998e0.999) 0.999 (0.998e1.000)
Pre-operative pyuria 0.567 (0.236e1.363)
ASA score 1.453 (0.639e3.307)
Operative time 0.993 (0.984e1.001)
CCI-group
1/0 0.875 (0.310e2.469)
>1/0 0.758 (0.273e2.099)

Guy's score
2/1 0.115 (0.011e1.235) 0.135 (0.012e1.476)
3/1 0.088 (0.011e0.725) 0.122 (.014e1.072)
4/1 0.042 (0.005e0.347) 0.109 (0.008e1.399)

Bold: statistically significant.
BMI ¼ body mass index, ASA score ¼ American society of anesthesiologist physical
status classification.
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myocardial infarction, and cerebrovascular infarction. These
comorbidities are the main reason for the higher rate of pre-
operative anticoagulant use, longer operative time, and higher
ASA score in the higher CCI groups. Nevertheless, changes in he-
moglobin level and blood transfusion rates did not differ in the
different CCI groups. In some of the patients with multiple
comorbidities, treatment of underlyingmedical conditions resulted
in prolonged hospital admissions.

The main limitation of this study is its retrospective nature.
Larger patient numbers are required to further corroborate the
described associations.

5. Conclusion

PCNL is an efficacious treatment modality for large renal stones in
elderly patients, but itmay result in surgical complications. This study
supports the use of CCI in predicting post-operative complications
and Guy's score in predicting stone-free status in these patients.

Conflicts of interest

There are no potential financial and non-financial conflicts of
interest.

References

1. Fernstrom I, Johansson B. Percutaneous pyelolithotomy. A new extraction
technique. Scand J Urol Nephrol. 1976;10:257e259.

2. Olbert PJ, Hegele A, Schrader AJ, et al. Pre- and perioperative predictors of
short-term clinical outcomes in patients undergoing percutaneous neph-
rolitholapaxy. Urol Res. 2007;35:225e230.

3. Patel SR, Haleblian GE, Pareek G. Percutaneous nephrolithotomy can be safely
performed in the high-risk patient. Urology. 2010;75:51e55.

4. de la Rosette J, Assimos D, Desai M, et al. The clinical research office of the
endourological society percutaneous nephrolithotomy global study: indications,
complications, and outcomes in 5803 patients. J Endourol. 2011;25:11e17.

5. Vicentini FC, Marchini GS, Mazzucchi E, et al. Utility of the guy's stone score
based on computed tomographic scan findings for predicting percutaneous
nephrolithotomy outcomes. Urology. 2014;83:1248e1253.

6. Rizvi SAH, Hussain M, Askari SH, et al. Surgical outcomes of percutaneous
nephrolithotomy in 3402 patients and results of stone analysis in 1559 pa-
tients. BJU Int. 2017;120:702e709.

7. Okeke Z, Smith AD, Labate G, et al. Prospective comparison of outcomes of
percutaneous nephrolithotomy in elderly patients versus younger patients.
J Endourol. 2012;26:996e1001.

8. Resorlu B, Diri A, Atmaca AF, et al. Can we avoid percutaneous nephrolithotomy
in high-risk elderly patients using the charlson comorbidity index? Urology.
2012;79:1042e1047.
9. Unsal A, Resorlu B, Atmaca AF, et al. Prediction of morbidity and mortality after
percutaneous nephrolithotomy by using the charlson comorbidity index.
Urology. 2012;79:55e60.

10. Mirheydar HS, Palazzi KL, Derweesh IH, et al. Percutaneous nephrolithotomy
use is increasing in the United States: an analysis of trends and complications.
J Endourol. 2013;27:979e983.

11. Kamphuis GM, Baard J, Westendarp M, et al. Lessons learned from the croes
percutaneous nephrolithotomy global study. World J Urol. 2015;33:223e233.

12. Chen Y-Z, Lin W-R, Lee C-C, et al. Comparison of electrohydraulic and elec-
tromagnetic shock wave lithotripsy for upper urinary tract stones in elderly
patients. Int J Gerontol. 2017;11:179e181.

13. Okhunov Z, Friedlander JI, George AK, et al. S.T.O.N.E. Nephrolithometry: novel
surgical classification system for kidney calculi. Urology. 2013;81:1154e1159.

14. Smith A, Averch TD, Shahrour K, et al. A nephrolithometric nomogram to
predict treatment success of percutaneous nephrolithotomy. J Urol. 2013;190:
149e156.

15. Thomas K, Smith NC, Hegarty N, et al. The guy's stone scoreegrading the
complexity of percutaneous nephrolithotomy procedures. Urology. 2011;78:
277e281.

16. Choi SW, Bae WJ, Ha US, et al. Prognostic impact of stone-scoring systems after
percutaneous nephrolithotomy for staghorn calculi: a single center's experi-
ence over 10 years. J Endourol. 2016;30:975e981.

17. Kumar S, Sreenivas J, Karthikeyan VS, et al. Evaluation of croes neph-
rolithometry nomogram as a preoperative predictive system for percutaneous
nephrolithotomy outcomes. J Endourol. 2016;30:1079e1083.

18. Mandal S, Goel A, Kathpalia R, et al. Prospective evaluation of complications
using the modified clavien grading system, and of success rates of percuta-
neous nephrolithotomy using guy's stone score: a single-center experience.
Indian J Urol. 2012;28:392e398.

19. Noureldin YA, Elkoushy MA, Andonian S. Which is better? Guy's versus
s.T.O.N.E. Nephrolithometry scoring systems in predicting stone-free status
post-percutaneous nephrolithotomy. World J Urol. 2015;33:1821e1825.

20. Singla A, Khattar N, Nayyar R, et al. How practical is the application of
percutaneous nephrolithotomy scoring systems? Prospective study comparing
guy's stone score, s.T.O.N.E. Score and the clinical research office of the
endourological society (croes) nomogram. Arab J Urol. 2017;15:7e16.

21. Charlson ME, Pompei P, Ales KL, et al. A new method of classifying prognostic
comorbidity in longitudinal studies: development and validation. J Chronic Dis.
1987;40:373e383.

22. Froehner M, Koch R, Litz RJ, et al. Detailed analysis of charlson comorbidity
score as predictor of mortality after radical prostatectomy. Urology. 2008;72:
1252e1257.

23. Koppie TM, Serio AM, Vickers AJ, et al. Age-adjusted charlson comorbidity
score is associated with treatment decisions and clinical outcomes for patients
undergoing radical cystectomy for bladder cancer. Cancer. 2008;112:
2384e2392.

24. Guzzo TJ, Dluzniewski P, Orosco R, et al. Prediction of mortality after radical
prostatectomy by charlson comorbidity index. Urology. 2010;76:553e557.

25. Daskivich TJ, Kwan L, Dash A, et al. Weighted versus unweighted charlson score
to predict long-term other-cause mortality in men with early-stage prostate
cancer. Eur Urol. 2014;66:1002e1009.

26. Guo R, Yu W, Meng Y, et al. Correlation of asa grade and the charlson co-
morbidity index with complications in patients after transurethral resection of
prostate. Urology. 2016;98:120e125.

27. Liu C-L, Chen W-J, Su J, et al. Characteristics and outcomes of patients read-
mitted to the medical intensive care unit: a retrospective study in a tertiary
hospital in taiwan. Int J Gerontol. 2017;11:244e248.

28. Sahin A, Atsu N, Erdem E, et al. Percutaneous nephrolithotomy in patients aged
60 years or older. J Endourol. 2001;15:489e491.

29. Yanaral F, Ozgor F, Savun M, et al. Comparison of croes, s.T.O.N.E, and guy's
scoring systems for the prediction of stone-free status and complication rates
following percutaneous nephrolithotomy in patients with chronic kidney dis-
ease. Int Urol Nephrol. 2017;49:1569e1575.

30. Bozkurt IH, Aydogdu O, Yonguc T, et al. Comparison of guy and clinical research
office of the endourological society nephrolithometry scoring systems for
predicting stone-free status and complication rates after percutaneous neph-
rolithotomy: a single center study with 437 cases. J Endourol. 2015;29:
1006e1010.

31. Tailly TO, Okhunov Z, Nadeau BR, et al. Multicenter external validation and
comparison of stone scoring systems in predicting outcomes after percuta-
neous nephrolithotomy. J Endourol. 2016;30:594e601.

32. Tefekli A, Kurtoglu H, Tepeler K, et al. Does the metabolic syndrome or its
components affect the outcome of percutaneous nephrolithotomy? J Endourol.
2008;22:35e40.

33. Lojanapiwat B, Kitirattrakarn P. Role of preoperative and intraoperative factors
in mediating infection complication following percutaneous nephrolithotomy.
Urol Int. 2011;86:448e452.

34. Erdil T, Bostanci Y, Ozden E, et al. Risk factors for systemic inflammatory
response syndrome following percutaneous nephrolithotomy. Urolithiasis.
2013;41:395e401.

35. Shoshany O, Margel D, Finz C, et al. Percutaneous nephrolithotomy for infec-
tion stones: what is the risk for postoperative sepsis? A retrospective cohort
study. Urolithiasis. 2015;43:237e242.

http://refhub.elsevier.com/S1873-9598(18)30026-7/sref1
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref1
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref1
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref2
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref2
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref2
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref2
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref3
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref3
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref3
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref4
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref4
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref4
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref4
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref5
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref5
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref5
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref5
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref6
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref6
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref6
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref6
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref7
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref7
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref7
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref7
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref8
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref8
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref8
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref8
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref9
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref9
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref9
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref9
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref10
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref10
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref10
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref10
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref11
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref11
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref11
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref12
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref12
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref12
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref12
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref13
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref13
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref13
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref14
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref14
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref14
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref14
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref15
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref15
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref15
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref15
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref15
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref16
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref16
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref16
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref16
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref17
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref17
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref17
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref17
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref18
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref18
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref18
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref18
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref18
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref19
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref19
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref19
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref19
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref20
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref20
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref20
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref20
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref20
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref21
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref21
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref21
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref21
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref22
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref22
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref22
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref22
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref23
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref23
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref23
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref23
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref23
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref24
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref24
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref24
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref25
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref25
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref25
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref25
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref26
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref26
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref26
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref26
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref27
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref27
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref27
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref27
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref28
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref28
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref28
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref29
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref29
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref29
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref29
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref29
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref30
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref31
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref31
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref31
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref31
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref32
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref32
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref32
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref32
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref33
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref33
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref33
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref33
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref34
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref34
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref34
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref34
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref35
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref35
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref35
http://refhub.elsevier.com/S1873-9598(18)30026-7/sref35

	Predicting Percutaneous Nephrolithotomy Outcomes and Complications in Elderly Patients Using Guy's Scoring System and Charl ...
	1. Introduction
	2. Patients and methods
	2.1. Patients
	2.2. Surgical technique
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Conflicts of interest
	References


