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Introduction

Renal cell carcinoma (RCC) is the most common form of 
solid cancer of the kidney and comprises approximately 90% 
of all malignant renal tumors.[1] Regrettably, most patients 
with RCC remain asymptomatic until the late stage of the 
disease. Nephron‑sparing surgery (NSS) is recommended 
in patients with T1a tumors and is also favored in patients 
with T1b tumors when technically feasible.[1] Open partial 
nephrectomy  (PN) remains the established standard 
for removal of T1 tumors, but nowadays, laparoscopic 
PN (LPN) has gaining popularity over open PN owing to its 
advantages of less blood loss, reduced operation time (OT), 

shorter hospital stay, and avoidance of morbidity related to 
flank incisions.[2,3] However, LPN has a higher complication 
rate compared with open radical nephrectomy (RN) and it is 
also reported to be demanding and technically challenging 
for complex renal tumors.[2,4]
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Preoperative anatomical scoring system is conducive to 
comparison between treatment options and evaluation of 
postoperative outcomes in patients with small renal tumors. 
The R.E.N.A.L. nephrometry score  (RNS) proposed by 
Kutikov and Uzzo[5] is based on the five most reproducible 
and pertinent features that characterize renal tumor critical 
anatomical attributes  [Supplementary Table  1]. Previous 
studies have demonstrated its superiority in predicting 
perioperative outcomes.[6‑8]

We conducted a retrospective analysis of clinical data 
from 139 patients with renal tumors who underwent LPN 
in a tertiary center in Beijing, with the aim of sharing our 
experiences and evaluating the efficacy of RNS in predicting 
perioperative outcomes.

Methods

Ethical approval
Clinical data were obtained from our database and approved 
by our Institutional Review Board and Medical Ethics 
Committee. The requirement for written informed consent 
from patients was waived because of the retrospective design 
of the study.

Patients and clinical data collection
From May 2010 to December 2015, 139 patients suspected 
of having RCC were admitted and treated in the Department 
of Urology, Beijing Chao‑yang Hospital, Capital Medical 
University. Demographics and perioperative data were 
collected and analyzed [Table 1]. Patients with bilateral or 
multiple tumors or metastasis were excluded from this study.

Patients’ data including age, sex, body mass index (BMI), 
comorbidities, symptoms, laterality of renal tumors, 
preoperative creatinine, and hemoglobin levels were 
collected and recorded. Intraoperative data included total OT, 
warm ischemia time (WIT), and estimated blood loss (EBL). 
Postoperative data included complications, length of hospital 
stay, postoperative creatinine and hemoglobin levels, tumor 
pathology and margins, follow‑up period, and outcomes.

Surgical procedure
Following general anesthesia, patients were placed in lateral 
position, and three‑port retroperitoneal LPN was performed. 
A retroperitoneal cavity was constructed by balloon dilation, 
followed by dissection of paranephric fat and Gerota’s 
fascia. The renal vessels were dissected free, and the renal 
artery was then clamped with bulldog clamps to facilitate 
excision and suturing. Retrograde ureteral stent placement 
was performed under cystoscopy, if the renal tumor was 
located close to the renal pelvis. Methylene blue injection 
was performed to determine if suturing was sufficiently tight, 
to minimize the occurrence of postoperative urine leakage. 
LPN was performed in all patients by a single experienced 
senior urologist.

The RNS was used to evaluate tumor complexity by a 
retrospective review of imaging including computed 
tomography  (CT) or magnetic resonance imaging  (MRI; 

both axial and coronal planes). All CT or MRI data were 
evaluated by a single senior radiologist. As described by 
Kutikov and Uzzo,[5] the five components of RNS include: 
radius (maximal diameter), exophytic/endophytic properties, 
nearness of lesion to the collecting system or sinus, 
anterior (a) or posterior location of lesion, and location of 
the lesion relative to the polar lines. Suffix “h” was used to 
designate a hilar tumor. According to the RNS system, tumor 
complexity was defined as low, moderate, and high if the 
R.E.N.A.L. score was 4–6, 7–9, or 10–12, respectively. The 
Clavien–Dindo classification system[9] was used to stratify 
the 30‑day postoperative complications.

Statistical analysis
The continuous variables were described as the 
mean ± standard deviation (SD) and compared using one‑way 
analysis of variance (ANOVA) for the normally distributed 
data. For skewed distributions, the data are presented as 
the median  (interquartile range) and compared using the 
nonparametric Kruskal–Wallis and Mann–Whitney U‑tests. 
The categorical variables were described as percentages and 
compared using the Pearson’s Chi‑squared and Fisher’s exact 
tests. Multivariate logistic regression analysis was performed 

Table 1: Demographic characteristics of patients who 
underwent laparoscopic partial nephrectomy

Characteristics Results
Age (years) 52.4 ± 13.6
Gender

Male 83/139 (59.7)
Female 56/139 (40.3)

BMI (kg/m2) 25.3 ± 3.8
Comorbidity

Arrhythmia 2 (1.4)
Adrenal pheochromocytoma 1 (0.7)
Breast disease 2 (1.4)
Benign prostatic hyperplasia 6 (4.3)
Cerebral disease 12 (8.6)
Coronary heart disease 8 (5.8)
Diabetes mellitus 21 (15.1)
Hypertension 49 (35.3)
Hysteromyoma 1 (0.7)
Peptic ulcer 3 (2.1)
Renal cyst 2 (1.4)
Urolithiasis 3 (2.1)

Symptoms
Asymptomatic 94 (67.6)
Abdominal distension 3 (2.2)
Frequency 4 (2.9)
Fatigue 2 (1.4)
Fever 2 (1.4)
Mild backache 31 (22.3)
Hematuria 3 (2.2)

Laterality of renal neoplasm
Left 65 (46.8)
Right 74 (53.2)

Data are presented as n  (%) or mean ± SD. BMI: Body mass index; 
SD: Standard deviation.
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to analyze potential determinants of the occurrence of 
postoperative complications. All analyses were performed 
using SPSS 22.0 statistical software package  (SPSS Inc., 
Chicago, IL, USA). A  two‑tailed value of P  <  0.05 was 
considered statistically significant.

Results

Demographic characteristics of patients
According to the RNS system, among the 139 patients who 
underwent LPN, tumor complexity was low in 74 (53.2%) 
patients, moderate in 50  (36.0%) patients, and high in 
15 (10.8%) patients. The demographic characteristics of the 
patients are shown in Table 2. The mean age of the patients 

was 52.4 years and the mean BMI was 25.3 kg/m2. Ninety‑four 
patients were asymptomatic, and symptoms experienced by 
other patients included abdominal distension (three cases), 
fatigue (two cases), frequency (four cases), fever (two cases), 
backache (31 cases), and hematuria (three cases). Sixty‑five 
patients had renal tumors on the left side while 74 patients 
had them on the right. Regarding comorbidities, 49 (35.3%) 
patients had hypertension and 21  (15.1%) patients had 
diabetes mellitus. Other comorbidities included cerebral 
disease  (12  cases), coronary heart disease  (eight cases), 
benign prostatic hyperplasia (six cases), peptic ulcer (three 
cases), urolithiasis (two cases), breast diseases (two cases), 
arrhythmia  (two cases), adrenal pheochromocytoma 
(one case), and hysteromyoma (one case).

Perioperative data
Perioperative data are shown in Tables 2 and 3. Regarding 
postoperative histopathology, 109 (78.4%) patients had clear 
cell carcinoma, 19 patients (13.7%) had angiomyolipoma, 
five patients  (3.6%) had chromophobe cell carcinoma, 
three patients  (2.2%) had multilocular cystic RCC, two 
patients (1.4%) had benign renal cysts, and one patient (0.7%) 
had papillary cell carcinoma. The mean follow‑up period was 
22.8 ± 9.5 months. The postoperative complications were 
categorized according to the Clavien–Dindo classification 
system. Eleven patients had complications, five of whom had 
Grade II complications. Grade IIIb complications occurred 
in four patients and Grade IVa complications occurred in 
two patients. Three patients underwent blood transfusion, 
and two received total parenteral nutrition. Four patients 
were converted to open surgery, and two had postoperative 
renal dysfunction that required dialysis. One patient had lung 
metastasis at 21 months postoperatively, while another had 
vertebrate metastasis at 9 months postoperatively.

The overal l  mean tumor diameter  was 3.0  cm 
(range: 2.5–4.1  cm). There was no difference in patient 
age  (P  =  0.527), male/female ratio  (P  =  0.880), or 
BMI  (P  =  0.430) among the three groups of patients 
classified according to renal tumor complexity. The 

Table 2: Peri‑operative data of patients who underwent 
laparoscopic partial nephrectomy

Items Results
Tumor size (cm) 3.0 (2.5–4.1)
Operation time (min) 120 (105–150)
Estimated blood loss (ml) 100 (50–100)
Warm ischemia time (min) 20 (20–24)
Postoperative hospital stay (days) 7 (6–9)
Follow‑up period (months) 24 (18–30)
Pathology results

Clear cell carcinoma 109 (78.4)
Papillary cell carcinoma 1 (0.7)
Chromophobe cell carcinoma 5 (3.6)
Multilocular cystic renal cell carcinoma 3 (2.2)
Angiomyolipoma 19 (13.7)
Benign renal cyst 2 (1.4)

Complications 11 (7.9)
Grade II 5 (45.5)

Blood transfusion 3 (27.3)
Total parenteral nutrition 2 (18.2)

Grade IIIb 4 (36.3)
Conversion to open surgery 4 (36.3)

Grade IVa 2 (18.2)
Renal dysfunction needing dialysis 2 (18.2)

Data are presented as median (Q1–Q3) or n (%).

Table 3: Perioperative variables of patients who underwent laparoscopic partial nephrectomy

Variables Low (n = 74) Moderate (n = 50) High (n = 15) Statistical value P
Age (years) 51.2 ± 13.3 53.8 ± 14.8 53.8 ± 9.9 0.644* 0.527
Male/female, n 44/30 31/19 8/7 0.364† 0.880
BMI (kg/m2) 25.4 ± 3.8 24.8 ± 3.7 26.2 ± 4.1 0.849* 0.430
EBL (ml) 100 (50–100) 100 (50–200) 100 (60–300) 7.285† 0.026‡

WIT (min) 20 (18–22) 22 (20–24) 28 (20–30) 13.718† 0.001§

OT (min) 120 (93.8–150.0) 120 (118.8–157.7) 165 (120.0–210.0) 6.882† 0.032||

PHS (days) 7 (5.0–8.3) 7 (6–9) 8 (5–9) 1.654† 0.437
PCCC (ml/min) 11.5 (1–23) 13.5 (1.8–29.5) 31 (10–51) 6.206† 0.045¶

NPC, n (%) 5 (6.8) 1 (2.0) 5 (33.3) – 0.002**
RNS 4.9 ± 0.7 7.6 ± 0.6 10.7 ± 0.7 114.106† 0.000††

Data are presented as mean ± SD, median (Q1–Q3), or n (%). *: F values, †: χ2 values; ‡Low < moderate (P = 0.047), low < high (P = 0.023); §Low < 
high (P = 0.023), low < moderate (P = 0.005); ||Low < high (P = 0.034); ¶Low < high (P = 0.013); **Low < high (P = 0.011), moderate < high (P = 
0.002). ††Low < moderate (P = 0.000), low < high (P = 0.000), and moderate < high (P = 0.005). –: Not applicable; EBL: Estimated blood loss; WIT: 
Warm ischemia time; OT: Operative time; PHS: Postoperative hospital stay; PCCC: Perioperative creatine clearance change; NPC: Number of patients 
with complications; RNS: R.E.N.A.L. nephrometry score; SD: Standard deviation; BMI: Body mass index.
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overall mean OT was 120  min  (range: 105–150  min), 
the overall mean postoperative hospital stay  (PHS) was 
7 days (range: 6–9 days), and the overall mean EBL was 
100 ml (range: 50–100 ml). There was no significant difference 
in PHS  (P  =  0.437) among the three groups. However, 
there were significant differences in EBL  (P  =  0.026), 
WIT (P = 0.001), OT (P = 0.032), perioperative creatinine 
clearance change (PCCC) (P = 0.045), and the number of 
patients with complications (NPC) (P = 0.002) among the 
three groups. The values of EBL, WIT, OT, PCCC, and NPC 
for patients in the high tumor complexity group were greater 
than those for patients in the low complexity group [Table 4]. 
Six patients underwent off‑clamp LNP (zero‑ischemia).

Regarding postoperative complications, multivariable logistic 
regression analysis indicated that the RNS was statistically 
significantly associated with the risk of occurrence of 
postoperative complications (P = 0.024) [Table 4].

Discussion

Thanks to the increasing utility of various kinds of abdominal 
imaging modalities, the detection of small renal masses 
has increased in the recent years. In the past decade, there 
has been a shift from RN to NSS. At present, NSS has 
become the golden standard for the treatment of small renal 
tumors.[10] Compared with RN, NSS provides long‑term 
benefits for cancer control and preservation of renal function. 
Studies in the recent years have confirmed lower blood 
loss, postoperative pain, and shorter convalescence period 
alongside small incisions as the primary advantages of 
LPN.[11] Additionally, more recent therapeutic advancement of 
technologies such as robotic‑assisted PN (RAPN) and thermal 
ablation have expanded the treatment options. However, 
treatment recommendations vary and depend largely on the 
anatomical characteristics of tumors and the experience of 
urologists in making optimal decisions for treatment.

In the recent years, apart from the RNS, several other 
nephrometry scoring systems have been proposed to 
predict perioperative outcomes. The centrality index 
scoring (C‑index) uses the Pythagorean theorem to calculate 
the distance from the tumor center to the kidney center and 
then this distance is divided by the tumor radius to obtain 
the C‑index.[12] It was reported to serve as a clinically 
useful measure, allow improved clinical and radiological 

assessment of kidney tumors, and may be more suitable 
than the RNS in predicting postoperative renal function.[13] 
The Preoperative Aspects and Dimensions Used for an 
Anatomical  (PADUA) classification proposed by Ficarra 
et  al. evaluates anatomical features such as anterior or 
posterior face, longitudinal, and rim tumor location, tumor 
relationships with renal sinus or urinary collecting system, 
and percentage of tumor deepening into the kidney. It is 
reported to be a simple scoring system that can be used to 
predict perioperative complications.[14] Ricciardulli et  al. 
suggested that PADUA score can serve as a predictor of 
WIT during LPN.[15] The Zonal NePhRO Scoring  (ZNS) 
system based on four anatomical components  (nearness 
to collecting system, physical location of the tumor in the 
kidney, radius of the tumor, and organization of the tumor) 
is a simple tool that accurately predicts surgical complexity 
of renal lesions.[16] Kriegmair et al. showed that the ZNS can 
predict perioperative complications in patients undergoing 
open PN.[17] As to RNS system, Borgmann et al. concluded 
that the RNS correlates best with tumor margin, ischemia, 
and the occurrence of complications and quantitative 
perioperative outcomes of NSS.[6] Schiavina et al. showed 
that both the PADUA and RNS systems were significantly 
correlated with predicting prolonged WIT and high‑grade 
postoperative complications after RAPN,[18] while Osawa 
et al. showed that renal mass biopsy outperforms the RNS 
in discriminating between malignant versus benign tumors 
and low‑risk versus high‑risk tumors.[19] The RNS was also 
reported to be a reproducible standardized classification 
system that quantitates the salient anatomy of renal 
tumors.[5] A prospective study performed by Matos et al., 
which included 71  patients, showed that the RNS was a 
good method in predicting surgical access route and type of 
nephrectomy, and the RNS was also associated with OT and 
WIT, but with weak accuracy.[20] Kriegmair et al. conducted 
a systemic comparison of the aforementioned nephrometry 
scoring systems and concluded that all scoring systems 
represent objective and reproducible measurement tools 
for renal tumor complexity, and that the RENAL, PADUA, 
and NePhRO scores are comparable and seem to be more 
superior to C‑index.[21] Therefore, preoperative standardized 
analysis of renal tumor characteristics is essential for 
the determination of the method of treatment and for the 
comparison of the effectiveness of different treatments.

We retrospectively analyzed 139 patients with renal tumors 
treated by LPN at our solitary center. According to the RNS, 
74 patients had low‑complex tumors, 50 patients had moderate 
complex tumors, and 15 patients had high‑complex tumors. 
Statistical analyses revealed that there were significant 
differences in OT, EBL, and WIT between the three groups. 
The OT, EBL, and WIT increased with increasing tumor 
complexity. The OT, EBL, and WIT in the high‑complex group 
were significantly higher than those in the low‑complex group. 
These data suggest that renal tumors with high complexity 
required increased cross‑clamp time and are associated with 
more blood loss compared with those with low complexity, 
which may explain the PCCC between the three groups. 

Table 4: Multivariable analysis of postoperative 
complications of laparoscopic partial nephrectomy

Variables β Wald OR 95% CI P
OT 0.009 1.900 1.009 0.996–1.023 0.168
WIT 0.034 0.351 1.034 0.925–1.156 0.553
EBL 0.002 0.517 1.002 0.996–1.009 0.472
MD −0.478 2.073 0.620 0.323–1.189 0.150
RNS 0.432 5.108 1.541 1.059–2.242 0.024
OT: Operation time; WIT: Warm ischemia time; EBL: Estimated blood 
loss; MD: Maximal diameter; RNS: R.E.N.A.L. nephrometry score; 
OR: Odds ratio; CI: Confidence interval.
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There were 11  cases with perioperative complications in 
our study. Four patients converted to open surgery, of which 
three patients  (75%) are with high‑complex tumors. There 
was a significant difference in the morbidity of complications 
between the three groups. The morbidity of complications in 
the high‑complex group was higher than that in the low‑ or 
moderate‑complex group. Multivariable regression analysis 
revealed that RNS is a risk factor that predicts the occurrence 
of perioperative complications. Previous studies have obtained 
similar results and demonstrated that the RNS is a useful tool 
in predicting the risk of complications in patients undergoing 
PN and laparoscopic renal cryoablation.[22‑25] Moreover, 
in patients who underwent robot‑assisted PN, Schiavina 
et al. reported that RNS was significantly associated with 
predicting prolonged WIT and high‑grade postoperative 
complications.[18]

The mean fol low‑up per iod in  our  s tudy was 
22.8 ± 9.5 months (range: 1–44 months), and we identified 
two cases of postoperative metastasis. Mouracade et  al. 
showed that high R.E.N.A.L. score increases the risk of 
disease recurrence after PN and R.E.N.A.L. score can 
predict local recurrence.[26] Nagahara et  al. reported that 
the RNS was an independent predictor of postoperative 
recurrence in patients with nonsmall localized RCC 
treated by PN.[7] However, Mufarrij et  al. showed that 
nephrometry‑graded tumor complexity was not related to 
the surgical outcomes of patients who underwent RAPN, 
suggesting that the nephrometry system may be not 
suitable for predicting surgical outcomes,[27] while Wang 
et  al. modified the quantization parameters of the RNS 
system and demonstrated that the modified RNS system 
has a good effect in evaluating the operation difficulty of 
retroperitoneal PN.[28]

The limitation of our study lies in the relatively small sample 
size and the retrospective nonrandomized single‑center 
design, as these can result in selection bias and do not allow 
for the collection and analysis of all clinical data from all 
patients. Another limitation was that our results were based 
on the experience of a single surgeon. The results may 
therefore have been affected by the surgeon’s learning 
curve of LPN. In addition, the mean follow‑up period was 
22.8 ± 9.5 months. This relatively short follow‑up period 
may not exactly reflect the postoperative conditions of 
the patients. Future randomized, large sample size, and 
multicenter studies with longer follow‑up periods are 
required to further validate our results.

In conclusion, we investigated the efficacy of clinical 
application of the RNS system for the prediction of 
peri‑operative outcomes. The RNS is a standardized and 
feasible classification system for the evaluation of renal 
tumors. RNS can be used to evaluate tumor complexity and 
can aid surgeons in preoperative decision‑making concerning 
management therapy.

Supplementary information is linked to the online version of 
the paper on the Chinese Medical Journal website.

Acknowledgments
We thank Dr.  Ning Chen, a senior radiologist from the 
Department of Radiology of Beijing Chao‑yang Hospital, 
for his excellent work in evaluating and scoring the CT/MRI 
of the renal tumors.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1.	 Ljungberg  B, Bensalah  K, Canfield  S, Dabestani  S, Hofmann  F, 

Hora M, et al. EAU guidelines on renal cell carcinoma: 2014 update. 
Eur Urol 2015;67:913‑24. doi: 10.1016/j.eururo.2015.01.005.

2.	 Wang Y, Ma X, Huang Q, Du Q, Gong H, Shang J, et al. Comparison 
of robot‑assisted and laparoscopic partial nephrectomy for complex 
renal tumours with a RENAL nephrometry score ≥7: Peri‑operative 
and oncological outcomes. BJU Int 2016;117:126‑30. doi: 10.1111/
bju.13214.

3.	 Aron M, Haber GP, Gill IS. Laparoscopic partial nephrectomy. BJU Int 
2007;99(5 Pt B):1258‑63. doi: 10.1111/j.1464‑410X.2007.06815.x.

4.	 Dominguez‑Escrig  JL, Vasdev  N, O’Riordon  A, Soomro  N. 
Laparoscopic partial nephrectomy: Technical considerations 
and an update. J  Minim Access Surg 2011;7:205‑21. doi: 
10.4103/0972‑9941.85643.

5.	 Kutikov  A, Uzzo  RG. The  R.E.N.A.L. nephrometry score: A 
comprehensive standardized system for quantitating renal tumor 
size, location and depth. J  Urol 2009;182:844‑53. doi: 10.1016/j.
juro.2009.05.035.

6.	 Borgmann H, Reiss AK, Kurosch M, Filmann N, Frees S, Mager R, 
et al. R.E.N.A.L. score outperforms PADUA score, C‑index and DAP 
score for outcome prediction of nephron sparing surgery in a selected 
cohort. J Urol 2016;196:664‑71. doi: 10.1016/j.juro.2016.03.176.

7.	 Nagahara A, Uemura M, Kawashima A, Ujike T, Fujita K, Miyagawa Y, 
et al. R.E.N.A.L. nephrometry score predicts postoperative recurrence 
of localized renal cell carcinoma treated by radical nephrectomy. Int J 
Clin Oncol 2016;21:367‑72. doi: 10.1007/s10147‑015‑0879‑3.

8.	 Meyer  A, Woldu  SL, Weinberg  AC, Thoreson  GR, Pierorazio  P, 
Matulay  JT, et  al. Predicting renal parenchymal loss after 
nephron sparing surgery. J  Urol 2015;194:658‑63. doi: 10.1016/j.
juro.2015.03.098.

9.	 Dindo  D, Demartines  N, Clavien  PA. Classification of surgical 
complications: A new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 2004;240:205‑13. doi: 
10.1097/01.sla.0000133083.54934.ae.

10.	 Kelly  EF, Leveillee  RJ. Image guided radiofrequency ablation for 
small renal masses. Int J Surg 2016;36(Pt C):525‑32. doi: 10.1016/j.
ijsu.2016.11.026.

11.	 Weise  ES, Winfield  HN. Laparoscopic partial nephrectomy. 
J Endourol 2005;19:634‑42. doi: 10.1089/end.2005.19.634.

12.	 Simmons MN, Ching CB, Samplaski MK, Park CH, Gill IS. Kidney 
tumor location measurement using the C index method. J  Urol 
2010;183:1708‑13. doi: 10.1016/j.juro.2010.01.005.

13.	 Sugiura M, Suyama T, Kanesaka M, Fujimoto A, Hou K, Araki K, 
et  al. Usefulness of R.E.N.A.L nephrometry scoring system and 
centrality index score for predicting outcome of laparoscopic partial 
nephrectomy. J Laparoendosc Adv Surg Tech A 2016;26:784‑8. doi: 
10.1089/lap.2016.0025.

14.	 Ficarra  V, Novara  G, Secco  S, Macchi  V, Porzionato  A, 
De Caro R, et al. Preoperative aspects and dimensions used for an 
anatomical (PADUA) classification of renal tumours in patients who 
are candidates for nephron‑sparing surgery. Eur Urol 2009;56:786‑93. 
doi: 10.1016/j.eururo.2009.07.040.

15.	 Ricciardulli  S, Ding  Q, Zhang  X, Li  H, Wang  B, Yang  G, et  al. 
Evaluation of PADUA score as predictor of Warm Ischemia 
Time  (WIT) during Laparoscopic Partial Nephrectomy  (LPN). 



Chinese Medical Journal  ¦  September 20, 2017  ¦  Volume 130  ¦  Issue 18 2175

Urologia 2016;83:194‑9. doi: 10.5301/uro.5000168.
16.	 Hakky  TS, Baumgarten  AS, Allen  B, Lin  HY, Ercole  CE, 

Sexton WJ, et al. Zonal NePhRO scoring system: A superior renal 
tumor complexity classification model. Clin Genitourin Cancer 
2014;12:e13‑8. doi: 10.1016/j.clgc.2013.07.009.

17.	 Kriegmair  MC, Mandel  P, Moses  A, Bolenz  C, Michel  MS, 
Pfalzgraf D. Zonal NephRo score: External validation for predicting 
complications after open partial nephrectomy. World J Urol 
2016;34:545‑51. doi: 10.1007/s00345‑015‑1648‑7.

18.	 Schiavina R, Novara G, Borghesi M, Ficarra V, Ahlawat R, Moon DA, 
et  al. PADUA and R.E.N.A.L. nephrometry scores correlate with 
perioperative outcomes of robot‑assisted partial nephrectomy: 
Analysis of the Vattikuti Global Quality Initiative in Robotic 
Urologic Surgery  (GQI‑RUS) database. BJU Int 2017;119:456‑63. 
doi: 10.1111/bju.13628.

19.	 Osawa  T, Hafez  KS, Miller  DC, Montgomery  JS, Morgan  TM, 
Palapattu GS, et al. Comparison of percutaneous renal mass biopsy 
and R.E.N.A.L. nephrometry score nomograms for determining 
benign vs. malignant disease and low‑risk vs. high‑risk renal tumors. 
Urology 2016;96:87‑92. doi: 10.1016/j.urology.2016.05.044.

20.	 Matos AC, Dall’Oglio MF, Colombo JR Jr., Crippa A, Juveniz JA, 
Argolo  FC. Predicting outcomes in partial nephrectomy: Is the 
renal score useful? Int Braz J Urol 2017;43:422‑31. doi: 10.1590/
S1677‑5538.IBJU.2016.0315.

21.	 Kriegmair MC, Mandel P, Moses A, Lenk J, Rothamel M, Budjan J, 
et al. Defining renal masses: Comprehensive comparison of RENAL, 
PADUA, NePhRO, and C‑index score. Clin Genitourin Cancer 
2017;15:248‑55.e1. doi: 10.1016/j.clgc.2016.07.029.

22.	 Liu ZW, Olweny EO, Yin G, Faddegon S, Tan YK, Han WK, et al. 
Prediction of perioperative outcomes following minimally invasive 

partial nephrectomy: Role of the R.E.N.A.L nephrometry score. 
World J Urol 2013;31:1183‑9. doi: 10.1007/s00345‑012‑0876‑3.

23.	 Schmit GD, Thompson RH, Kurup AN, Weisbrod AJ, Boorjian SA, 
Carter  RE, et  al. Usefulness of R.E.N.A.L. nephrometry scoring 
system for predicting outcomes and complications of percutaneous 
ablation of 751 renal tumors. J Urol 2013;189:30‑5. doi: 10.1016/j.
juro.2012.08.180.

24.	 Chang  X, Ji  C, Zhao  X, Zhang  F, Lian  H, Zhang  S, et  al. The 
application of R.E.N.A.L. nephrometry scoring system in predicting 
the complications after laparoscopic renal radiofrequency ablation. 
J Endourol 2014;28:424‑9. doi: 10.1089/end.2013.0497.

25.	 Camacho JC, Kokabi N, Xing M, Master VA, Pattaras JG, Mittal PK, 
et  al. R.E.N.A.L.  (Radius, exophytic/endophytic, nearness to 
collecting system or sinus, anterior/posterior, and location relative to 
polar lines) nephrometry score predicts early tumor recurrence and 
complications after percutaneous ablative therapies for renal cell 
carcinoma: A 5‑year experience. J Vasc Interv Radiol 2015;26:686‑93. 
doi: 10.1016/j.jvir.2015.01.008.

26.	 Mouracade P, Kara O, Maurice MJ, Dagenais J, Malkoc E, Nelson RJ, 
et al. Patterns and predictors of recurrence after partial nephrectomy 
for kidney tumors. J  Urol 2017;197:1403‑9. doi: 10.1016/j.
juro.2016.12.046.

27.	 Mufarrij  PW, Krane  LS, Rajamahanty  S, Hemal  AK. Does 
nephrometry scoring of renal tumors predict outcomes in patients 
selected for robot‑assisted partial nephrectomy? J Endourol 
2011;25:1649‑53. doi: 10.1089/end.2011.0003.

28.	 Wang  Q, Qian  B, Li  Q, Ni  Z, Li  Y, Wang  X. Application of 
modified R.E.N.A.L. nephrometry score system in evaluating the 
retroperitoneal partial nephrectomy for T1 renal cell carcinoma. Int 
J Clin Exp Med 2015;8:6482‑8.



Supplementary Table 1: Description of the RNS system

Items 1 point 2 points 3 points
(R) Radius (maximal diameter in cm) ≤4 >4 but <7 ≥7
(E) Exophytic/endophytic properties ≥50% <50% Entirely endophytic
(N) Nearness of the tumor to the 

collecting system or sinus (mm)
>7 >4 but <7 <4

(A) Anterior/posterior Mass assigned a descriptor of a, p, or x. No points given
(L) Location relative to the polar lines Entirely above the upper or 

below the lower polar line
Lesion crosses polar lines >50% of mass is across polar line (a) or 

mass crosses the axial renal midline (b) or 
mass is entirely between the polar lines

RNS: R.E.N.A.L. nephrometry score.


