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INTRODUCTION

The current surgical recommendation for clinical T1a renal masses is 
partial nephrectomy (PN) 1,2. In T1b an increasing trend exists towards the 
same surgical treatment when possible 1, 2. In these stages oncological 
outcomes after PN are similar to those of radical nephrectomy 3-6 with 
advantages in terms of renal function preservation and derived medical 
morbidity 7,8. Nevertheless perioperative complication rates, ranging from 
19-25%, are higher in PN, especially those related to bleeding and urinary 
leakage9.
Recently Ficarra et al proposed a preoperative score system (PADUA 
classification) to predict the risk for perioperative complications in renal 
masses candidate for nephron sparing surgery (NSS)10. The classification, 
based on radiological anatomical features and tumor size was developed 
in a population in which enucleation and renal compression were used 
during surgery. Also in 2009, an American group reported a similar 
scoring system (R.E.N.A.L. nephrometry score) that describes the surgical 
relevant anatomy of renal masses in an organized quantitative scoring 
system 9,11. R.E.N.A.L. nephrometry has not been tested as predictive 
classification until date. 
Our primary objective was to evaluate the ability of the PADUA 
classification and the R.E.N.A.L. nephrometry score to predict 
perioperative complications of PN. Secondary objectives were to assess 
the predictive value of both scores on the use of ischemia and ischemia 
time and to evaluate the reproducibility of both scoring systems.

MATERIALS AND METHODS

Patients and tumors
Consecutive patients who underwent PN because of a renal mass were 
retrospectively identified in three academic institutions (January 1998 - 
June 2010). 
Patient and tumor characteristics, surgical, perioperative information and 
pathological data were gathered from clinical files and databases in the 
different hospitals. PN was performed according to the standard protocols 
of the respective centres. 

ABSTRACT

Purpose
To validate the PADUA classification and to assess the R.E.N.A.L. 
nephrometry score for predicting perioperative complications for 
partial nephrectomy (PN). Secondary objectives were to assess their 
interobserver variability and their ability to predict the use of ischemia and 
ischemia time.
Materials and Methods
Consecutive cases of PN with or without ischemia from three centres were 
retrospectively collected. Association between preoperative variables and 
complications were evaluated in univariate and multivariate analyses. 
Reproducibility was assessed by determining Fleiss’ generalized kappa 
and intraclass correlation coefficients (ICC) in a subcohort scored by 3 
physicians with different degree in urological expertise.
Results
134 PNs were included and 31 cases (23%) presented complications. 
In univariate analyses complications were associated with age (p=0.02), 
tumor size on CT (p=0.01), pT-stage (p=0.001) and PADUA (p=0.001) 
and R.E.N.A.L. scores (p=0.02). In three multivariate models PADUA ≥ 10 
(OR 3.98, p=0.01), R.E.N.A.L. score ≥ 9 (OR 4.21, p= 0.02), tumor size 
in cm (OR 1.35, p= 0.02) and age (OR 1.04, p= 0.04) were independent 
predictors of complications. R.E.N.A.L. predicted the use of ischemia 
(p=0.03). Both scores predicted ischemia time (both p<0.001). 
Kappa was 0.37-0.80 for PADUA components and 0.23-0.73 for 
R.E.N.A.L. components. The ICC was 0.73 for PADUA and 0.70 for 
R.E.N.A.L. score.
Conclusions
The highest categories of PADUA and R.E.N.A.L. scores, but also clinical 
tumor size predict the risk of perioperative complications of PN. Both 
scores can indicate the ischemia time. Their reproducibility is substantial, 
but their implementation in clinical practice needs further refinement.
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A p-value <0.05 was considered statistically significant. Data was 
analyzed using SPSS 16.0 software.

RESULTS

134 cases of PNs were included. Clinical staging was T1a in 93 cases 
(69.4%), T1b in 34 cases (25.3%) and T2 in 7 cases (5.2%). Warm or 
cold ischemia was used in 83 cases (62%). In total we observed 41 
complications (13 intraoperative and 28 postoperative) in 31 cases 
(23.1%). All intraoperative complications were transfusions (Satava II). 
Among the postoperative complications there were 6 blood transfusions, 6 
urine leaks, 1 coecum perforation and 15 medical complications.

In univariate analyses only PADUA components polar location (tumors 
situated in mid -section were more prone to complications than tumors 
with a polar location, p=0.007), involvement of the urinary collecting 
system (UCS) (p=0.02) and size (p=0.03) and R.E.N.A.L. components 
radius (p=0.02) had a significant association with perioperative 
complications. The other components of PADUA and R.E.N.A.L. scores 
did not have any statistical significant association. Anterior or posterior 
location could not be defined in 11 cases. 
In multivariate analysis PADUA score ≥ 10, RENAL score ≥ 9 and CT 
tumor size in cm, were independent predictors of complications when 
evaluated in three different models respectively. Age was an independent 
prognosticator for complications in the three models. 

PADUA and R.E.N.A.L. scores were able to predict both perioperative 
and postoperative complications. Both scores predicted the ischemia time. 
R.E.N.A.L. predicted the use of ischemia. Size in cm predicted overall 
complications. The low incidence of intraoperative and postoperative 
urological complications precluded any statistical analysis.

Selection criteria
Patients were 18 years of age or older and preoperative cross sectional 
imaging (CT or MRI) were available at the moment of the analysis. Only 
cases with a single tumor operated on in a single session were included. 

Measurements
Tumor stage was determined by TNM 2002 classification12. Comorbidity 
index was assigned according to Charlson13. Ischemia time was measured 
from the time of hilar clamping until opening the clamp. Complications 
were divided in intraoperative and postoperative complications (until 30 
days after operation) and were classified according to Satava14 and to 
Dindo & Clavien respectively15. Transfusion need was used as a proxy 
for bleeding and categorized according to the time of administration in 
intraoperative (during/ immediately after surgery) or postoperative (from 
day 1 after surgery onwards). 
Radiological characteristics of the renal masses were scored by a senior 
urologists according to PADUA classification10 and R.E.N.A.L nephrometry 
score11 as described in the original articles (Addendum 1).
Inter-observer concordance for PADUA and R.E.N.A.L. scores was 
assessed among three urologists with different degree of expertise in a 
subcohort with full access to cross sectional imaging. 

Statistical analysis
Univariate analyses were conducted using independent-samples T-tests 
for continuous variables and chi-squared tests for categorical variables. 
The continuous variables were age, BMI, ischemia time and CT and 
pathological (PA) tumor size. The categorical variables were gender, 
Charlson index, American Society of Anaesthesiologists (ASA) score, 
clinical stage, the use of ischemia, pT-stage, histological results and 
PADUA and R.E.N.A.L. scores.
Logistic regression analyses were used for evaluating the ability of the 
PADUA and R.E.N.A.L. score to predict perioperative complications, 
the use of ischemia, and perioperative transfusion. Multivariate analysis 
was controlled for co-linearity. Because PADUA and R.E.N.A.L. scores 
included similar components and size, three different models were 
constructed to avoid confounders. Linear regression analyses were used 
to evaluate the ability of the scores to predict ischemia time. We assessed 
inter-observer variation in PADUA and R.E.N.A.L. score assignment by 
means of Fleiss’ generalized kappa and Intra-class correlation coefficient 
(ICC).  
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Overall 
complication 

rate (in 
cases )
n=31

Intraoperative 
complication 

rate (in cases)
 n=13

Postoperative 
complication 

rate (in cases) 
n=22

Minor 
Clavien 

grades (I-II)
(in events)

n=13

Major 
Clavien 

grades (≥III)
(in events)

n=15
PADUA 6-7 (n=58) 7 (12.1%) 5 (8.6%) 3 (5.2%) 0 3 (10.7%)
PADUA 8-9 (n=38) 10 (26.3%) 4 (10.5%) 6 (15.8%) 4 (14.3%) 2 (7.1%)
PADUA ≥10 (n=38) 14 (36.8%) 4 (10.5%) 13 (34.2%) 9 (32.1%) 10 (35.8%)

RENAL 4-5 (n=43) 5 (11.6%) 4 (9.3%) 1 (2.3%) 0 1 (3.5%)
RENAL 6-8 (n=60) 15 (25.0%) 5 (8.3%) 11 (18.3%) 5 (17.9%) 6 (21.4%)
RENAL ≥9 (n=31) 11 (35.5%) 4 (12.9%) 10 (32.3%) 8 (28.6%) 8 (28.6%)

SIZE ≤3.5 cm 
(n=65) 8 (12.3%) 1 (1.5%) 7 (10.8%) 4 (14.3%) 4 (14.3%)

SIZE >3.5 cm 
(n=69) 23 (33.3%) 12 (17.4%) 15 (21.7%) 9 (32.1%) 11 (39.3%)

 
Table 2. Specification of perioperative complications, displayed in PADUA, RENAL and size 
categories. Complication rates are calculated with the total number of cases in the respective 
category. 13 Intraoperative complications were seen in 13 cases and 28 postoperative complications 
were seen in 22 cases (3cases with 2 complications, one case with 4 complications). Clavien 
grades are displayed in absolute number of events and as percentages of the total postoperative 
complications.

Multivariate analyses OR CI P- value R2

PADUA 0.14

PADUA score 6-7 ref - -

PADUA score 8-9 2.31 0.78 - 6.84 0.13

PADUA score ≥ 10 3.98 1.39 - 11.36 0.01

Age (years) 1.04 1.00 – 1.08 0.04

RENAL 0.13

RENAL score 4-5 ref - -

RENAL score 6-8 2.36 0.77 – 7.20 0.13

RENAL score ≥ 9 4.21 1.25 – 14.19 0.02

Age (years) 1.04 1.01 – 1.08 0.02

0.12

Size on CT in cm 1.35 1.04 - 1.73 0.02

Age (years) 1.04 1.05 - 1.08 0.03

Table 3. Multivariate analyses for predicting perioperative complications. As size is a component of 
PADUA and RENAL scores three different models were constructed to avoid confounding. 
OR- odds ratio, CI- confidence interval, R2- Nagelkerke R squared. 

 

No complication Complication P value

Number 103 31
Age, mean±sd (years) 55.4± 13.0 61.6±10.3 0.02*
Gender male 68 (66.0%) male 23 (74.2%) 0.39
BMI, mean±sd  (kg/m2) 26.9±4.7 26.8±5.0 0.94
Charlson index, median (range) 2 (0 - 8) 2 (0 – 6) 0.53
ASA class 0.24

I 17 (16.5% ) 2 (6.5%)
II 50 (48.5%) 20 (64.5%)
III 36 (35.0%) 9 (29.0%)

Approach 0.45
Open procedure 94 (91.3%) 30 (96.8%)
Laparoscopic procedure 9 (8.7%) 1 (3.2%)

Ischemia 65 (63.2%) 18 (58.1%) 0.82
warm ischemia 53(51.5%) 14 (45.2%)
cold ischemia 12 (11.7%) 4 (12.9%)

Ischemia time, mean±sd  (min) 17.5± 10.0 23.9± 11.5 0.29
CT tumor size, mean±sd (mm) 35.9± 14.6 44.1± 18.8 0.01*
Clinical stage 0.11
     cT1a 76 (73.8%) 17 (54.8%)
     cT1b 23 (22.3%) 11 (35.5%)
     cT2 4 (3.9%) 3 (9.7%)
PA tumor size, mean±sd (mm) 35.1± 15.8 45.2± 22.2 0.006*
Histology 0.98

benign 13 (12.7%) 2 (6.4%)
clearcell RCC 62 (60.2%) 20 (64.5%)
papillary type I RCC 9 (8.7%) 4 (12.9%)
papillary type II RCC 7 (6.8%) 2 (6.5%)
chromophobe RCC 3 (2.9%) 1 (3.2%)
other RCC 9 (8.7%) 2 (6.5%)

pTstage (TNM 2002) 0.001*
pT1a 68 (66.0% ) 10 (32.3%)
pT1b 17 (16.5%) 13 (42.0%)
pT2 2 (1.9%)  2(6.4%)
≥ pT3 3 (2.9%) 4 (12.9%)

PADUA total score, median (range) 8 (6 – 13) 9 (4 – 11) 0.001*
R.E.N.A.L. total score, median (range) 7 (6 - 13) 8 (4 – 11) 0.02*

 
Table 1. Baseline clinical, operative, pathological data and PADUA and R.E.N.A.L. scores of 134 
cases treated with partial nephrectomy. Groups according to the absence or presence of perioperative 
complications. *p<0.05 was considered statistically significant.
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Fleiss’ generalized kappa in a subcohort of 92 tumors was 0.37-0.80 
for the different components of the PADUA score and 0.23-0.73 for the 
R.E.N.A.L. nephrometry components. The ICC was 0.73 for the PADUA 
score and 0.70 for the R.E.N.A.L. score.

DISCUSSION 

Predictive research needs to be reproducible and easy to apply, before 
widespread clinical use can be recommended. Especially when assessing 
images, small subjective or technical differences may play a role. We 
aimed to assess the predictive performance of the PADUA classification 
in a different setting than the developmental one and hypothesized that 
the R.E.N.A.L nephrometry score, originally reported as a descriptive 
classification, could also predict the risk of complications. Since both 
scores encompass the most important surgically relevant features, it 
would seem logical to foresee a similar predictive ability.

The univariate analysis showed a statistically significant difference in 
complication rate for age, clinical tumor size and for both median scores 
of PADUA and R.E.N.A.L. nephrometry score. These variables were 
statistically significantly higher in the group of patients with perioperative 
complications. However a correlation between the different components 
of the two scores and the presence of complications was not uniformly 
found, suggesting that the performance of the PADUA classification could 
be different in our setting when compared to the original cohort 16 and that 
R.E.N.A.L. nephrometry may not be useful as a risk predictive tool either.  

Nevertheless logistic regression showed that overall PADUA classification 
and R.E.N.A.L. nephrometry could predict the risk of perioperative 
complications at the expenses of the postoperative complications justifying 
a multivariate analysis. Regarding PADUA classification, only the highest 
category (score≥10) was an independent predictor of perioperative 
complications. When compared with the lowest score (6-7), patients with 
the highest score presented four-fold risk of complication. This increased 
risk was at the expenses of the operative and minor postoperative 
complications. No differences were found for the incidence of major 
complications (Clavien ≥ 3) between PADUA category ≥ 10 or <10 but 
the incidence of major complications was too low for a sound statistical 
analysis. 

OUTCOME OR 95 % CI P-VALUE

Perioperative complications (overall)
PADUA 1.41 1.14 - 1.73 0.002*
RENAL 1.26 1.04 - 1.54 0.02*
SIZE 1.35 1.06 – 1.73 0.02*

Postoperative complications (overall)
PADUA 1.54 1.21 – 1.98 0.001*
RENAL 1.47 1.15 - 1.88 0.002*
SIZE 1.24 0.95 – 1.62 0.12

Ischemia use PADUA 1.13 0.94 - 1.36 0.20
RENAL 1.22 1.03 - 1.45 0.03*
SIZE 1.03 0.82 – 1.28 0.81

Ischemia time (n=83)
PADUA 2.46 1.36 - 3.56 <0.001*
RENAL 2.73 1.80 - 3.66 <0.001*
SIZE 0.87 -0.76 – 2.50 0.291

 
Table 4. Regression analyses with PADUA and RENAL total scores and Size (in centimetres) 
predicting for different outcomes. Number of cases 134, unless reported otherwise. 
OR- odds ratio, CI- confidence interval, *p<0.05 was considered statistically significant

Factor kappa/ICC

PADUA polar location 0.62

PADUA exophytic rate 0.71

PADUA renal rim 0.68

PADUA renal sinus 0.39

PADUA urinary collecting system 0.37

PADUA size 0.80

PADUA face 0.58

PADUA total score 0.73

RENAL Radius 0.73

RENAL Exophytic properties 0.43

RENAL Nearness to collecting system or sinus 0.23

RENAL Anterior or posterior 0.54

RENAL Location rel. to polar lines 0.47

RENAL total score 0.70
 
Table 5. Interobserver concordance PADUA and RENAL total scores and their components. Fleiss’ 
generalized kappa for the different components of both scores and intraclass correlation coefficient for 
total scores.
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significant in univariate analysis, to avoid confounding, three different 
logistic regression models were made. These models included only one 
score or size respectively and in each one age, significant in univariate 
analysis, was included. Of paramount importance is the fact that in all 
scores age was a predictive risk for perioperative complications and 
that the three models had a similar R2.  In other words the three models 
explain to the same extent the variance in outcomes (complications) and 
performed equally in predicting complications. 

Only R.E.N.A.L. nephrometry score was able to predict the use of 
ischemia in our cohort. That PADUA did not predict ischemia, is most 
likely due to the fact that it was developed in a non-ischemia cohort. 
However the use of hilar clamping during PN is mainly a surgeon’s choice 
based on patient and tumor characteristics as well as intraoperative 
conditions. Renal compression seems perfectly acceptable when aiming to 
minimize parenchyma ischemia although its feasibility depends on tumor 
characteristics, mainly size and location 19,20.  In the group of patients that 
underwent ischemia PADUA and R.E.N.A.L. increasing scores correlated 
with increasing ischemia time, reflecting potential surgical difficulties.

Our last objective was to assess the reproducibility of the two scores. 
Different individuals (urologists or radiologists) assigned scores in 
previous reports on PADUA classification, without mentioning the ICC.  
In our cohort a senior urologist gave definitive scores, but in a subcohort 
of available radiological images the score of the senior urologist was 
compared to the scores of two junior urologists. In our opinion a score 
or classification should lead to standardization and be “easy to use” by 
less experienced urologists. Overall ICC among the three urologists 
was substantial for both scores, indicating that the scores can be widely 
reproduced albeit variations in total score can still be expected depending 
on the observer. The rationale behind the exclusive involvement of 
urologists in the reproducibility assessment was that ultimately it is the 
surgeon who decides on the type of surgery. Involvement and proximity to 
the urinary system were the most difficult anatomical features to reproduce 
and influence the overall ICC. The question remains as if only those 
components that show substantial agreement should be taken into account 
in a classification. The degree of ICC needed to recommend the broad use 
of a score or classification in the urological community remains unknown, 
although it seems desirable to aim at the highest ICC possible. When 
quantifying agreement awareness is deemed to the fact that the use of 

In contrast with the developmental PADUA cohort 10, our multicenter series 
included cases operated on with and without ischemia during a larger time 
interval and a lower rate of clinical T1a. The presence of slightly larger 
tumors in our cohort compared to the original one may be the source 
of discrepancy and may explain the lack of association of some of the 
individual components of the score with the presence of complications. 
Complication rate was similar in both cohorts and unlikely the reason 
for the lack of predictive value of the intermediate PADUA scores in our 
setting.  

A previous attempt to validate the PADUA score included cases operated 
on under ischemia and a similar percentage of clinical T1b (26%) as in our 
series 17. In line with our findings the median total PADUA score was an 
independent predictor of complications. As in our series, this was evident 
when comparing score ≥ 10 with scores < 10. The absence of association 
between complications and the individual components of the PADUA 
score, except for renal sinus/urinary collecting system involvement and for 
tumor size was also evident in this previous rapport 17. In fact this is in line 
with the findings of a large multicenter analysis (n=1048), demonstrating 
that in PN increased blood loss, urinary leakage and transfusion rates are 
observed in tumors larger than 4 cm when compared with tumors smaller 
than 4 cm18. 

The predictive ability of R.E.N.A.L. nephrometry score has not yet been 
explored and the classification was not initially intended as a predictive 
system but as a standard quantification of renal tumor anatomical 
elements 11. In the words of the authors such a classification “will allow 
for a proper data set comparison and help in the surgical decision choice” 
11.  As the features scored in R.E.N.A.L. nephrometry were quite similar 
to the ones presented in the PADUA classification we hypothesized 
that a predictive value could be anticipated. In spite of the notorious 
lack of association between most of the components of this quantitative 
classification and the presence of complications, in our cohort R.E.N.A.L. 
nephrometry score had a predictive ability for perioperative complications 
equal to the one of the PADUA score, with only a R.E.N.A.L. score (≥9) 
being an independent predictor for complications. Regarding the presence 
of major complications the same consideration as for PADUA classification 
apply to the RENAL nephrometry. 

Because tumor size is a component of the two scores and furthermore 
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CONCLUSIONS

Only the highest score of PADUA and R.E.N.A.L. scores predicted overall 
complication risk in our PN series. The intermediate scores failed to 
predict the risk of complications. A similar predictive value was observed 
for tumor size. 
The reproducibility of the PADUA and R.E.N.A.L. scores is substantial, 
but its broad clinical use for standardization and data set comparison 
deserves further refinement and evaluation.
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The use of transfusion as proxy for perioperative bleeding hinders any 
comparison as its use is subject to multiple factors (preoperative Hb 
levels, cardiac status and individual policies). Furthermore the incidence of 
transfusion was too low to statistic conclusion.  
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