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Purpose: Preoperative aspects and dimensions used for an anatomical (PADUA) classification is useful to predict 
perioperative complications and warm ischemia time. However, it remains uncertain whether PADUA classification 
can predict intraoperative conversion from partial nephrectomy (PN) to radical nephrectomy (RN). We evaluate 
whether PADUA classification parameters can predict conversion to RN during PN.
Materials and Methods: We retrospectively assessed data of 593 patients who underwent open PN and robotic 
PN for renal tumors by a single surgeon at a single tertiary center between December 2003 and September 
2017. Intraoperative conversion to RN was performed in 17 of 593 patients who initially underwent PN. We 
evaluated the factors influencing the surgical modalities including PN and radical conversion cases. Then, the 
factors significantly associated with conversion to RN were further analyzed.
Results: There were no significant differences between the 2 groups in age, longitudinal location, exophytic rate, 
and rim or face locations of renal masses. Renal sinus involvement, urinary collecting system involvement, and 
renal mass size were variables that predicted radical conversion, using univariate analysis. Renal sinus involvement 
(odds ratio [OR], 9.075; p=0.049) and urinary collecting system involvement (OR, 3.944; p=0.029) were independent 
predictors of intraoperative radical conversion, using multivariate analysis.
Conclusions: The PADUA classification is a useful tool to predict intraoperative conversion from PN to RN. Renal 
sinus involvement and urinary collecting system involvement are the best predictors of intraoperative conversion 
from PN to RN. (Korean J Urol Oncol 2017;15:165-171)
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INTRODUCTION

Partial nephrectomy (PN) is the gold-standard treatment of 

small renal masses, and shows similar results as radical neph-

rectomy (RN) in oncological outcomes.1 RN causes renal in-

sufficiency and cardiovascular events that lead to increased mor-

bidity and mortality.2,3 PN can provide excellent results in pa-

tients presenting with a renal mass in a solitary kidney, stage 

IV chronic kidney disease, multiple renal tumors, and hereditary 
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disorder, thereby preventing the need for dialysis.4,5 Therefore 

PN should receive further attention as the treatment-of-choice 

for renal masses.6

Laparoscopic PN (LPN) and robotic PN (RPN) were in-

troduced as minimally-invasive PN treatments. Hurber et al. re-

ported that the results of RPN are similar to those obtained with 

LPN.7 Long et al.7 reported that RPN had the merits of high 

definition, 3-dimensional optics, and wristed instruments. 

However open PN (OPN) was still preferred in more complex 

surgical cases. The radius exophytic/endophytic nearness ante-

rior/posterior location (RENAL) system, Centrality-index (C-in-

dex), and preoperative aspects and dimensions used for an ana-

tomical (PADUA) classification system are well-known assess-

ment tools of renal masses, to determine whether a given renal 

tumor was a suitable candidate for PN. These have validity as 

assessment tools for renal tumors undergoing nephron-sparing 

surgery (NSS). The RENAL system was developed in 2009, 

and considers renal tumor size, exophytic extension, distance 

between the renal tumor and the renal sinus and urinary collect-

ing system (UCS), and tumor location.8 The RENAL system 

has the advantage that the parameter measurements are gen-

erally easily measured. The exception is that it is not always 

easy to measure the distance between the tumor mass and the 

renal sinus/UCS, resulting in different distance estimates among 

observers. Also, coronal abdominopelvic computed tomography 

(CT) imaging or magnetic resonance imaging (MRI) is neces-

sary to know the correlation between renal tumor orientation 

and renal polarity.9

The C-index was developed by Simmon in 2010, and calcu-

lates tumor size and renal site using preoperative con-

trast-enhanced CT imaging. This approach provided a better de-

scription of the renal tumor and is related to the postoperative 

nadir estimated glomerular filtration rate (eGFR) and the per-

cent decrease in eGFR following PN.10 However, the C-index 

is not simple and did not precisely calculate the actual renal 

tumor location. Therefore, Long et al.7 said that the C-index 

did not predict PN perioperative outcome better than the 

PADUA and RENAL score systems.

The PADUA classification system is a tool for predicting pa-

tient outcome after NSS. This system was invented by urolo-

gists that were blinded to patient information.9 The PADUA 

system differs from the RENAL system primarily in its evalua-

tion of renal sinus/UCS involvement of the renal tumor. 

Coronal and/or axial CT or MRI views are used to measure 

the renal sinus line. Reproducibility is excellent because meas-

uring the renal tumor placement relative to the renal sinus/UCS 

is easier. This classification was useful for predicting post-

operative complications, warm ischemia time, and estimated 

blood loss in PN.11-14 We did not locate any published reports 

regarding the use of the PADUA classification system in pre-

dicting intraoperative RN conversion in PN patients. Thus, we 

analyzed the reasons for intraoperative PN to RN conversion, 

and investigated the utility of the PADUA classification in pre-

dicting PN conversion to RN.

MATERIALS AND METHODS

1. Study Population

Using the prospective continuous fill-up nephrectomy data 

base, patients with a renal tumor diagnosed through pre-

operative abdominopelvic CT or MRI that underwent OPN or 

RPN between December 2003 and September 2017 by a single 

surgeon at Seoul National University Bundang Hospital were 

evaluated for study participation. A total 593 patients were clas-

sified into 2 groups: Group 1 is the PN to RN conversion group 

(n=17), and group 2 is the PN group (n=576). Written informed 

consent was waived by the board. This study was approved by 

the Institutional Review Board at the Seoul National University 

Bundang Hospital (approval number: B-1211-180-104).

2. Surgical Outcome

The 17 patients in group 1 required intraoperative conversion 

to RN, and the 576 patients in group 2 received PN as origi-

nally scheduled. Patient age, sex, BMI, preoperative creatinine, 

preoperative eGFR (calculated using the Modification of Diet 

in Renal Disease study equation), EBL, renal mass assessment 

through abdominopelvic CT or MRI were compared between 

both groups.

3. Tumor Assessment and Analysis of the Reasons for 

Intraoperative PN-RN Conversion

We assessed renal tumors using the PADUA classification 

system. Tumor assessment was composed of 2 steps. After 4 

senior residents and 3 urology fellows received detailed in-

struction for renal tumor assessment, they evaluated the 

PADUA score of each patient. These initial assessment data 

were then reviewed by another fellow urologist. All inves-

tigators were blinded to patient outcomes. Multiple potential 
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Table 1. Demographic and clinical data

Variable Group 1 (n=17) Group 2 (n=576) p-value

Age (yr)

Sex

  Male

  Female

Site

  Right

  Left

Body mass index (kg/m
2)

Preoperative creatinine

Preoperative eGFR

Operation time (min)

EBL (mL)

Clinical size (cm)

Longitudinal location (%)

  Superior

  Middle

  Inferior

Tumor size (cm)

  ＜4

  4–7

  ＞7

PADUA score

  6–7

  8–9

  10–13

54.9±11.8

 

 15 (88.2)

  2 (11.8)

 

 12 (70.6)

  5 (29.4)

25.2±2.9

1.0±0.2

87.8±19.5

162.7±62.1

348.6±336.3

5.2±2.1

 

  6 (35.3)

  6 (35.3)

  5 (29.4)

 

  6 (35.3)

  7 (41.2)

  4 (23.5)

10.0±1.7

 1 (5.9)

  4 (23.5)

 12 (70.6)

53.4±12.8

 

400 (69.4)

176 (30.6)

 

281 (48.8)

295 (51.2)

25.1±3.6

0.9±0.5

91.3±18.7

148.3±66.9

195.3±156.5

3.2±1.8

 

198 (34.4)

226 (39.2)

152 (26.4)

 

449 (78.0)

111 (19.3)

14 (2.4)

8.4±1.5

191 (33.2)

241 (41.8)

144 (25.0)

0.620

0.096

 

 

0.076

 

 

0.933

0.648

0.455

0.426

0.001

＜0.001

0.856

 

 

 

＜0.001

 

 

 

＜0.001

 

 

 

Values are presented as mean±standard deviation or number (%).

Group 1: PN to RN conversion group, group 2: PN group.

PN: partial nephrectomy, RN: radical nephrectomy, eGFR: estimated glomerular filtration rate, EBL: estimated blood loss, PADUA: 

preoperative aspects and dimensions used for an anatomical.

reasons for intraoperative PN conversion to RN were analyzed, 

7 including each item of PADUA system, to determine the pre-

dictive power of these parameters for estimating conversion to 

RN in OPN and RPN patients.

4. Statistical Analysis

Statistical analysis was performed by using IBM SPSS 

Statistics ver. 22.0 (IBM Co., Armonk, NY, USA). Continuous 

variables between the 2 groups were tested using Student t-test. 

Nominal parameters were analyzed using Pearson chi-square 

and Fischer exact test. Predictors of conversion to RN were as-

sessed through univariate and multivariate logistic regression. 

A p-value less than 0.05 was considered indicative of a statisti-

cally significant difference.

RESULTS

1. Demographic and Clinical Data

The mean age was 54.9±11.8 years for group 1 (n=17) and 

53.4±12.8 years for group 2 (n=576). Male sex was 15 persons 

(88.2%) for group 1, and 400 persons (69.4%) for group 2. 

There were no statistical differences between groups for pre-

operative creatinine or preoperative eGFR. The EBL was 

348.6±336.3 mL for group 1 and 195.3±156.5 mL for group 

2 (p＜0.001). Tumor size was 5.2±2.1 cm for group 1 and 

3.2±1.8 cm for group 2 (p＜0.001). The total PADUA classi-

fication scores were 10.0±1.7 for group 1 and 8.4±1.5 for 

group 2 (p＜0.001) (Table 1).

2. Factors Influencing Intraoperative PN Conversion to RN

Four cases were converted from open PN to open RN, and 
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Table 2. The multiple reasons to intraoperative conversion to radical nephrectomy (RN)

Reason Scheduled operation-conversion type of RN Number (%)

Tumor discrepancy

 

 

 

Invasion of hilar and collection structure

 

 

 

Achievement failure of clear margin

 

 

 

Difficulty in clamping due to multiple renal vessel

 

 

 

Renal vessel injuries

 

 

 

 

OPN–ORN

RPN–ORN

RPN–RRN

 

OPN–ORN

RPN–ORN

RPN–RRN

 

OPN–ORN

RPN–ORN

RPN–RRN

 

OPN–ORN

RPN–ORN

RPN–RRN

 

OPN–ORN

RPN–ORN

RPN–RRN

8 (47.1)

2 (11.8)

0 (0)

6 (35.3)

5 (29.4)

1 (5.9)

0 (0)

4 (23.5)

2 (11.8)

1 (5.9)

0 (0)

1 (5.9)

1 (5.9)

0 (0)

0 (0)

1 (5.9)

1 (5.9)

0 (0)

0 (0)

1 (5.9)

OPN: open radical nephrectomy, ORN: open radical nephrectomy.

Table 3. Univariate and multivariate analysis predicting conversion from PN to RN in patients with OPN and RPN

Variable
Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age

Exophytic rate

  ≥50%

  ＜50%

Renal rim

  Lateral

  Medial

Renal sinus 

  Not involved

  Involved

Urinary collecting system

  Not involved

  Involved

Tumor size (cm)

  ＜4

  ≥4

1.010

 

Reference

2.751

 

Reference

2.076

 

Reference

29.529

 

Reference

15.904

 

Reference

1.029

0.972–1.049

 

 

0.933–8.110

 

 

0.783–5.504

 

 

  3.874–225.072

 

 

 5.581–45.320

 

 

1.012–1.046

0.620

 

 

0.067

 

 

0.142

 

 

0.001

 

 

＜0.001

 

 

0.001

1.016

 

Reference

1.834

 

Reference

1.113

 

Reference

9.075

 

Reference

3.944

 

Reference

1.017

0.976–1.059

 

 

0.479–7.028

 

 

0.370–3.346

 

 

 1.010–81.508

 

 

 1.152–13.506

 

 

0.995–1.039

0.436

 

 

0.376

 

 

0.849

 

 

0.049

 

 

0.029

 

 

0.132

PN: partial nephrectomy, RN: radical nephrectomy, OPN: open radical nephrectomy, RPN: robotic radical nephrectomy, OR: odds ratio, 

CI: confidence interval.

13 cases were converted from robotic PN to robotic RN. There 

were many factors that influenced intraoperative PN conversion 

to RN. Tumor discrepancies were present in 8 of 17 conversion 

cases (47.1%), invasion of hilar structure in 5 of 17 cases 

(29.4%), and failure to achieve clear tumor margin occurred in 

2 of 17 cases (11.8%). Difficulty in clamping multiple renal 

vessels and renal vessel injuries occurred in 1 of 17 (5.9%) in-

traoperative PN to RN conversion cases, respectively (Table 2).
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3. Univariate Analysis for Predicting PN Conversion to RN

We evaluated each item of the PADUA classification system 

to determine its impact on intraoperative PN to RN conversion 

rate (Table 3). According to the results of univariate analyses, 

tumor size≥4 cm (OR, 1.029; p=0.001), UCS involvement 

(OR, 15.904; p≤0.001) and renal sinus involvement (OR, 

29.529; p=0.001) were strongly associated with conversion of 

PN to RN. The other factors constituting PADUA score system 

such as exophytic rate of tumor, tumor size, and laterality of 

renal rim were not associated with conversion of PN to RN 

(Table 3).

4. Multivariate Analysis for Predicting PN Conversion 

to RN

After conducting multivariate analysis to adjust for possible 

confounding parameters, it showed that UCS involvement (OR, 

3.944; p=0.029) and renal sinus involvement (OR, 9.075; 

p=0.049) were significantly associated with conversion of PN 

to RN. Tumor size≥4 cm, which was strongly related to PN 

conversion to RN in univariate analysis, failed to achieve in-

dependent predictor status in multivariate analysis (Table 3).

DISCUSSION

PN is the gold-standard treatment of small renal tumors with 

clinical stage 1.1 Van Poppel et al.15 previously contended that 

RN showed a better result than PN in decreasing perioperative 

complication, required a shorter operation time, and resulted in 

less morbidity and mortality. However their results were re-

ported before more PN experience had emerged. Our team of 

urology surgeons has significantly more experience in PN in 

recent years, and we think that PN shows better results than 

RN for treating small renal tumors with respect to renal func-

tional preservation. Some factors such as the volume of remain-

ing renal parenchyma, and intact renal sinus or UCS require 

consideration. When minimally invasive PN encounters diffi-

culties, we recommend conversion to OPN instead of RN.15 

Thus it is important to predict the likelihood of needing to in-

traoperatively convert from PN to RN.

There were many factors that could affect the need for intra-

operative conversion from PN to RN. We divided these factors 

into anatomical aspects and pathophysiological aspects. In 

terms of anatomical aspects, large renal tumors or tumor dis-

crepancies made dissection of the renal tumor more difficult 

and reduced the amount of remaining renal parenchyma. 

Additionally, involvement of renal sinus and UCS made it diffi-

cult to discern clear tumor margins or the complete renal pelvis, 

and resulted in an increased PN to RN conversion rate. We 

found that tumor involvement of renal sinus was the most sig-

nificant factor of intraoperative conversion to RN with odd ratio 

of 9.075. UCS involvement also had a significant impact on 

radical conversion during PN. Although they were not counted 

in the evaluation, we believe additional intraoperative factors 

such as difficulty of vessel clamping, and renal vessel injuries 

might have influenced on radical conversion during PN in some 

degree. Thus, radical conversion was in most cases caused by 

anatomical factors.

In a study by Galvin et al.,5 the conversion rate to RN was 

higher with larger renal tumors and when tumors were located 

closer to renal center. Long et al.16 observed that increased re-

nal tumor size and higher RENAL nephrometry scores in-

creased the intraoperative PN to RN conversion rate. However, 

their classification of renal tumors to the medial or peripheral 

kidney was ambiguous, and reproducibility was poor. Thus 

there remains no consensus regarding which factors, besides tu-

mor size, increase the PN to RN conversion rate. 

For evaluating the influence of any parameter on radical con-

version rates in NSS, it is necessary that the reproducibility of 

diagnostic tools is high and assessment is easy. Because of 

these reasons, we investigated the effect each item of the 

PADUA classification scale on intraoperative conversion from 

PN to RN. The PADUA classification is composed of six pa-

rameters, plus anterior or posterior surface. Among these pa-

rameters, tumor size and the involvement of the renal si-

nus/UCS were the most important factors in predicting the need 

for radical conversion. Tumor location was not a predictor of 

conversion in our study, in contrast to findings in other studies.5 

We showed that tumor involvement of UCS or renal sinus were 

the most important factors in predicting intraoperative PN to 

RN conversion, in both univariate and multivariate logistic re-

gression analyses.

The pathophysiological condition of patients should be con-

sidered when selecting the operation method for NSS. If pa-

tients have advanced chronic kidney disease (stage≥3) along 

with a comorbidity such as uncontrolled diabetes, hypertension, 

coronary heart disease, or dyslipidemia, it is important that op-

eration time and anesthesia time are minimized to enhance pa-
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tient outcomes. Galvin et al.,5 in their survey found that the 

American Society of Anesthesiologists physical status classi-

fication grade, which is a 12 surrogate marker of comorbidity, 

did not influence the conversion rate of PN to RN. This sug-

gests that PN conversion rates to RN were not affected by co-

morbidity itself, but instead by a lowered surgeon’s threshold 

to radical conversion because it was worried to negatively af-

fect the general condition of patients after surgery. If the oper-

ator becomes more experienced with PN and predicting the rad-

ical conversion rate before operating, unscheduled PN to RN 

conversions may be reduced. Patients with local symptoms like 

hematuria, flank pain, and fever were reported to have a higher 

PN to RN conversion rate.6 The association of local symptoms 

to the rate of conversion to RN from PN should be further in-

vestigated in future studies.

In our results, 17 of 593 total cases (2.9%) underwent PN 

to RN conversion, with 4 cases being conversion from OPN 

to ORN. Our conversion rate to RN was remarkably different 

from those of Long et al.16 (16% PN to RN conversion rate), 

and were also lower than the rate reported by Galvin et al.5 

(6% conversion rate). The reasons for our lower conversion rate 

may be that our procedure was performed by a highly experi-

enced staff urologic surgeon in Seoul National University 

Bundang Hospital.

There were some limitations to our study. First, this study 

was done retrospectively, but these results are viable because 

the PADUA classification was only introduced in 2009. 

Second, we did not compare the difference between the results 

of OPN and RPN. We investigated the impact of PADUA clas-

sification in overall NSS. Third, there may be selection bias 

in the more complex cases. The da Vinci Robotic Surgical 

System (Intuitive Surgical Inc., Sunnyvale, CA, USA) offers 

3-dimensional vision and easy feasibility to renorrhaphy, and 

is more suitable for complex cases of NSS than LPN. OPN and 

RPN were successfully performed for the high-complexity cas-

es because of our surgeon’s accumulated experience and our 

advanced technology. Thus, cases that underwent both RPN and 

OPN were enrolled in this study.

CONCLUSIONS

The PADUA classification is a useful tool to predict the like-

lihood of intraoperative PN to RN conversion. Tumor involve-

ment of UCS or renal sinus appear to be the best predictors 

of radical conversion in patients undergoing PN. Further surgi-

cal experience is required to differentially validate PADUA pre-

dictive power of radical conversion in OPN versus RPN.
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