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Abstract

Background: The surgical difficulty of partial nephrectomy (PN) varies depending
on the operative approach. Existing nephrometry classifications for assessment of
surgical difficulty are not specific to the robotic approach.
Objective: To develop an international robotic-specific classification of renal masses
for preoperative assessment of surgical difficulty of robotic PN.
Design, setting, and participants: The RPN classification (Radius, Position of tumour,
iNvasion of renal sinus) considers three parameters: tumour size, tumour position,
and invasion of the renal sinus. In an international survey, 45 experienced robotic
surgeons independently reviewed de-identified computed tomography images of
144 patients with renal tumours to assess surgical difficulty of robot-assisted PN
using a 10-point Likert scale. A separate data set of 248 patients was used for exter-
nal validation.
Outcome measurements and statistical analysis: Multiple linear regression was con-
ducted and a risk score was developed after rounding the regression coefficients.
The RPN classification was correlated with the surgical difficulty score derived from
lsevier B.V. on behalf of European Association of Urology. This is an open access article
mons.org/licenses/by-nc-nd/4.0/).
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the international survey. External validation was performed using a retrospective
cohort of 248 patients. RPN classification was also compared with the RENAL
(Radius; Exophytic/endophytic; Nearness; Anterior/posterior; Location), PADUA
(Preoperative Aspects and Dimensions Used for Anatomic), and SPARE (Simplified
PADUA REnal) scoring systems.
Results and limitation: The median tumour size was 38 mm (interquartile range 27–
49). The majority (81%) of renal tumours were peripheral, followed by hilar (12%)
and central (7.6%) locations. Noninvasive and semi-invasive tumours accounted
for 37% each, and 26% of the tumours were invasive. The mean surgical difficulty
score was 5.2 (standard deviation 1.9). Linear regression analysis indicated that
the RPN classification correlated very well with the surgical difficulty score
(R2 = 0.80). The R2 values for the other scoring systems were: 0.66 for RENAL,
0.75 for PADUA, and 0.70 for SPARE. In an external validation cohort, the perfor-
mance of all four classification systems in predicting perioperative outcomes was
similar, with low R2 values.
Conclusions: The proposed RPN classification is the first nephrometry system to
assess the surgical difficulty of renal masses for which robot-assisted PN is planned,
and is a useful tool to assist in surgical planning, training and data reporting.
Patient summary: We describe a simple classification system to help urologists in
preoperative assessment of the difficulty of robotic surgery for partial kidney
removal for kidney tumours.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

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

The American Urological Association (AUA) and European
Association of Urology (EAU) recommend partial nephrec-
tomy (PN) for clinical T1a and T1 renal masses when inter-
vention is indicated [1,2]. Historically, open PN was the only
option available until laparoscopic PN was introduced and
popularised at the turn of the 21st century [3]. With the
increasing adoption of robotic technology and improve-
ments in techniques to close parenchymal defects [4],
robot-assisted PN (RAPN) is now widely performed [5,6].

Several renal nephrometry systems have been described
for assessing PN feasibility on the basis of a tumour com-
plexity score and for reporting perioperative data. [7–14].
Existing nephrometry systems seem to have a few major
limitations. First, they are arguably too complex because
of their multiple parameters and/or complex measure-
ments, thereby limiting their use in routine clinical practice.
Second, as urologists primarily decide the feasibility of PN
from their perception of surgical difficulty after a review
of imaging, it is therefore important that any tumour com-
plexity score should correlate with surgeon-perceived sur-
gical difficulty to validate their clinical use. Existing
nephrometry systems lack this correlation. Third, current
nephrometry systems are not approach-specific. The surgi-
cal difficulty of PN and associated complications for any
given tumour may vary, depending on the surgical
approach. With robotic platforms, more complex cases can
be performed with greater ease and with lower complica-
tion rates in comparison to a laparoscopic approach [15].
Thus, renal scoring systems should be approach-specific.

As RAPN has now become the preferred approach, there
is an unmet need to develop a robotic-specific nephrometry
score that is simple and easy to use and that truly reflects
the surgeon-perceived surgical difficulty of RAPN. Here we
report a three-tiered classification, called RPN (Radius, Posi-
tion of tumour, iNvasion of renal sinus), developed specifi-
cally for RAPN.

As a primary outcome, the aim of this study was to
develop a simple, robotic-specific nephrometry classifica-
tion to assess the preoperative surgical difficulty of RAPN
to help in clinical decision-making and to provide consis-
tency in reporting of data for RAPN series. We also aimed
to predict the perioperative parameters of warm ischaemia
time (WIT), operation time (OT), and estimated blood loss
(EBL) for RAPN series as a secondary outcome. We com-
pared the performance of RPN against the commonly used
RENAL (Radius; Exophytic/endophytic; Nearness; Anterior/
posterior; Location), PADUA (Preoperative Aspects and
Dimensions Used for Anatomic), and SPARE (Simplified
PADUA REnal) systems.
2. Patients and methods

2.1. Study design

The study protocol received institutional review board approval (refer-

ence RMH-QA2021006). There were two steps involved in the develop-

ment of the RPN model. In the first step, we identified three key

parameters and their variables for the new classification following a

review of various existing nephrometry systems. In the second step, all

three variables for each parameter were assigned a score based on a

regression coefficient from a multiple linear regression model using

international survey data to help develop the three-tiered RPN classifica-

tion system. The international survey involved 45 experienced robotic

surgeons from 13 countries who reviewed 145 computed tomography

(CT) images with renal tumours and marked their perceived surgical dif-

ficulty using a 10-point Likert scale.
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To test the RPN model, we correlated the RPN tumour complexity

score with the surgical difficulty scores from the international survey.

For external validation, we used a separate retrospective cohort. All CT

scans used in both cohorts of patients were scored independently by

one senior urologist and a urology fellow, both experienced in robotic

surgery, using the new RPN classification as well as the RENAL, PADUA,

and SPARE systems. All of the steps involved in development and valida-

tion of the RPN system are described in detail in the following sections.

2.2. Development of the RPN model

We identified three key parameters and devised a new RPN classification

system based on tumour radius (maximal diameter), position of the

tumour, and invasion of the renal sinus. The individual scores were

weighted on the basis of linear regression coefficients generated for each

cutoff point, as discussed in the Results section. This classification

requires review of contrast CT or magnetic resonance imaging (MRI) in

both axial and coronal views according to a renal protocol.

2.2.1. Radius (maximal diameter) of the tumour

The RENAL, PADUA, and SPARE classifications use size categories of �4,

>4–7, and �7 cm, in line with the TNM classification. However, TNM is

an oncological rather than a clinical classification that does not necessar-

ily correlate with the degree of surgical difficulty encountered by sur-

geons. We elected to use size categories of �2.5, >2.5–5, and >5 cm on

the basis of the AUA and EAU guidelines and the tumour size distribution

in large RAPN series. The AUA and EAU recommend PN for tumours of <4

cm and <7 cm, respectively [1,2]. The mean or median tumour size was

<4 cm in several large RAPN series [16–19]. Thus, the three TNM cate-

gories appear to represent a wider spread, so we elected for lower cutoff

values for our three categories.

2.2.2. Position of the tumour

The RPN classification categorises tumours as peripheral, hilar, or cen-

tral. Hilar lesions are defined as renal tumours originating on the medial

aspect of the kidney and abutting any of the hilar vessels and/or renal

pelvis. Tumours that are not in direct contact with the hilar vessels

and/or renal pelvis but arise from the parenchymal lips adjacent to the

renal hilum are also considered hilar tumours. Central tumours are those

defined as touching or crossing the central sinus point. The central sinus

point is an imaginary point in the centre of the renal sinus: in the mid-

coronal view it can be located as the centre of an imaginary circle in the

renal sinus between two polar lines, and in the axial view as the centre of

an imaginary circle in the renal sinus at the level of the renal axial mid-

line (Fig. 1). The polar lines and the renal axial midline have been

described previously [7]. The polar line is designated as the plane of

the kidney above or below which the medial lip of parenchyma is inter-

rupted by the renal sinus fat, vessels, or collecting system. The renal axial

midline is defined as the axial cut on CT/MRI midway between the two

polar lines. Tumours that are not hilar or central in location are classified

as peripheral tumours.

2.2.3. Invasion of the renal sinus

Tumours may be noninvasive, semi-invasive, or invasive. Noninvasive

tumours are partly or predominantly exophytic peripheral tumours

and have a clear rim of normal parenchyma between the tumour and

the renal sinus. Semi-invasive tumours include three distinct types: (1)

peripheral tumours touching the renal sinus; (2) completely endophytic

tumours confined within the renal parenchyma; and (3) hilar tumours

that are superficial and not invading the renal sinus. Invasive tumours

are those that extend into the renal sinus. Thus, peripheral tumours

can be noninvasive, semi-invasive, or invasive. Hilar tumours can be

semi-invasive or invasive, and all central tumours are exclusively inva-

sive (Fig. 1).
2.3. International surgical difficulty survey

In our survey, we included patients who presented to a tertiary centre

with renal masses between 2010 and 2020. Patients with missing scans,

poor-quality scans, and more than one tumour in the same kidney were

excluded. Of 205 patients, 145 were considered eligible, and we collated

their de-identified CT results for a renal protocol with axial and coronal

views as video PowerPoint slides (Microsoft Corporation, Redmond, WA,

USA).

The scans were then sent to 57 experienced urologists across Eur-

ope, North America, Australia, and Asia, who were able to indepen-

dently scroll through each scan without a set time limit. They were

asked to assess the degree of surgical difficulty for RAPN for their pre-

ferred approach on a scale from 1 to 10 (1 being easy and 10 being

unsuitable for RAPN). All reviewers were provided detailed instruc-

tions on how to review the scans (Supplementary Video 1). The urol-

ogists were blinded to the scores calculated using the other scoring

systems. All four scoring systems were compared with the surgeon’s

perception of the surgical difficulty score. Data from 45 experienced

surgeons (>50 RAPN procedures) were included for data analysis. Of

the 145 CT scans, one was excluded from the analysis because of

incorrect marking.

2.4. External validation for prediction of perioperative outcomes

The RPN classification was validated using a separate set of external, ret-

rospectively collected data for 248 patients from the private practice of

two experienced robotic surgeons. All patients underwent RAPN

between November 2010 and June 2021. In addition to preoperative

CT/MRI scans, perioperative and postoperative variables (WIT, OT, EBL,

and complications) were collected. All complications were recorded

using the Clavien-Dindo classification. Each scan was scored indepen-

dently using the new RPN classification as well as the RENAL, PADUA

and SPARE systems.

2.5. Statistical analysis

Inter-rater agreement for the surgical difficulty score for PN was

assessed in terms of the intraclass correlation coefficient (ICC), which

was estimated from a one-way analysis-of-variance model.

2.5.1. Model development

A linear regression model with degree of surgical difficulty as the out-

come variable and each of the three potential predictors (tumour size,

tumour position, and sinus invasion) in separate univariable models

was initially used. Multiple linear regression was then conducted by

including the three potential predictors. R2 values and the root mean

square error (RMSE) were calculated and a risk score was developed

by rounding the regression coefficients to the nearest integer. Separate

regression models for variables included in the RENAL, PADUA, and

SPARE scores were also fitted to the patient data and the performance

of these models was compared with that of the RPN score.

2.5.2. Model testing

The RPN model was tested using bootstrapping (1000 replications) [20].

Optimism in performance of the model was estimated as the average of

the differences in model performance between the bootstrap sample and

the original data set. The optimism was then subtracted from the origi-

nal performance measure (R2 and RMSE for the original model) to pro-

vide bias-corrected R2 and RMSE values for the final model.

2.5.3. External validation

The ability of the RPN classification to predict three surgical parameters

(WIT, OT, and EBL) was assessed using linear regression models, and R2



Fig. 1 – RPN classification system. Table showing the details of the RPN scoring system. (A) Location of the renal hilum and renal sinus. (B) Central sinus point
in mid-coronal view. (C) Central sinus point in axial view at the level of the renal axial midline. (D) Peripheral tumours (tumours that are not hilar or central).
(E) Hilar tumours originating from the medial aspect of the kidney abutting hilar vessels/or the renal pelvis or arising from hilar lips. (F) Central tumours
touching or crossing the central sinus point. (G) Noninvasive: exophytic peripheral tumours with a clear rim of parenchyma between the tumour and the
renal sinus. (H) Semi-invasive: peripheral tumours touching the renal sinus or completely endophytic within the renal parenchyma or a hilar tumour not
invading the renal sinus. (I) Invasive: tumours extending into the renal sinus. RPN = Radius, Position of tumour, iNvasion of renal sinus.
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and RMSE values were reported. The ability of the RPN classification to

predict postoperative complications and an outcome trifecta was

assessed using logistic regression analysis, and the areas under the recei-

ver operator characteristic (ROC) curve were compared; p values for
equality of the area under the curve were reported. In addition, the abil-

ity of risk scores from the RENAL, PADUA and SPARE systems to predict

the above outcome parameters was also determined and compared with

the performance of the RPN score.



Table 1 – Preoperative characteristics of 144 renal masses in the data
set for the international survey on surgical difficulty as assessed
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All statistical analyses were performed using Stata v16 (StataCorp,

College Station, TX, USA).

preoperatively by experienced surgeons

Variable Result a

Radius (maximal diameter, mm) 38.2 (27.5–48.8)
Radius (maximal diameter), n (%)
�2.5 cm 30 (21)
>2.5–5.0 cm 82 (57)
>5.0 cm 32 (22)

Position of tumour, n (%)
Peripheral 116 (81)
Hilar 17 (12)
Central 11 (7.6)

Invasion of renal sinus, n (%)
Noninvasive 53 (37)
Semi-invasive 53 (37)
Invasive 38 (26)

Surgical difficulty score 5.2 ± 1.9
RENAL score 8.0 (7.0–9.0)
SPARE score 4.0 (2.0–6.0)
PADUA score 9.0 (8.0–10.0)

a Data are presented as the mean ± standard deviation or median (in-
terquartile range) for continuous variables.
3. Results

3.1. International survey cohort

Scans were sent to 57 urologists, of whom 50 responded to
the survey; data from 45 experienced surgeons were used in
the analysis. Each scan was reviewed by an average of 43
surgeons (range 39–45). The ICC for the surgical difficulty
score was 0.66 (95% confidence interval [CI] 0.60–0.71).

The preoperative characteristics of the renal masses in
the 144 patients are shown in Table 1. The median tumour
size was 38 mm (interquartile range [IQR] 27–49 mm). The
mean surgical difficulty was 5.2 (standard deviation 1.9).
The median nephrometry scores were 8.0 (IQR 7.0–9.0) for
RENAL, 4.0 (IQR 2.0–6.0) for SPARE, and 9.0 (IQR 8.0–10.0)
for PADUA. The estimated linear regression coefficients for
tumour size, location, and invasiveness are shown in Sup-
plementary Table 1. These cutoff points were then collapsed
into a score of 0–2 (where 0 is the reference) based on the
regression coefficient.

3.2. New RPN classification

The new three-tier RPN classification system is shown in
Figure 1 and in Supplementary Video 2. Based on the regres-
sion coefficient, each variable was assigned a score of 0–2.
The scores range from zero to six, with zero representing
the lowest and six the highest degree of complexity for
RAPN. A renal mass with size �2.5 cm was scored 0 points,
>2.5–5 cm, 1 point, and >5 cm, 2 points. Peripheral tumours
were scored 0 points, hilar tumours, 1 point, and central
tumours, 2 points. Noninvasive tumours were scored 0
points, semi-invasive tumours, 1 point, and invasive
tumours, 2 points. Examples of RPN classification are shown
in Figure 2. Although treating tumour size as a continuous
variable is preferable, we opted for categorisation in line
with established scores for simplicity, practicality, and
memorability, as supported by our observation that clear
categories are more readily used in clinical practice than
complex calculations.

3.3. Analysis of RPN model testing

Analysis of the multiple linear regression model of periop-
erative renal mass characteristics in predicting mean surgi-
cal difficulty scores showed values of R2 = 0.80 and
RMSE = 0.87 for the RPNmodel. Bootstrapping analysis with
1000 replications showed bias-corrected R2 and RMSE val-
ues of 0.80 (95% CI 0.72–0.85) and 0.90 (95% CI 0.80–
0.99), respectively, for the RPN model. R2 and RMSE values
were 0.66 and 1.2 for RENAL, 0.75 and 0.99 for PADUA,
and 0.70 and 1.1 for SPARE, respectively (Supplementary
Table 2). These data indicate that the RPN model correlated
very well with preoperative prediction of the surgical diffi-
culty of renal masses for which RAPN was planned, despite
having only three parameters. Violin plots for correlation of
the surgical difficulty score with the RPN and other three
classifications are shown in Figure 3.
3.4. Analysis of external validation for the RPN model

The association of the RPN model with perioperative mea-
sures of surgical difficulty was evaluated in an independent
cohort of 248 patients. The preoperative characteristics of
these patients are shown in Table 2. Comparison of WIT,
OT, and EBL between the RPN, RENAL, PADUA and SPARE
scoring systems is shown in Figure 4. Linear regression
model summaries for the RPN, RENAL, PADUA and SPARE
systems in predicting WIT, OT, and EBL are shown in Sup-
plementary Table 3. All four classifications had similar per-
formance in predicting perioperative outcomes, with low R2

values and high RMSE values and no significant correlation.
Complications occurred in 19 patients. Of these, 12

patients had significant (Clavien-Dindo grade 3–4) compli-
cations. All classifications performed similarly and did not
show any significant difference (p = 0.47). The area under
the ROC curve for significant complications was 0.65 for
RPN, 0.61 for RENAL, 0.68 for PADUA, and 0.63 for SPARE
(Supplementary Table 4).
4. Discussion

With only three parameters, the new RPN classification is
the one of the simplest nephrometry systems to use. In
comparison, other systems may have up to six parameters
with several complex measurements, which may limit their
routine use because of time constraints [8,9,12]. The RPN
score ranges from 0 to 6. Tumours with a score of 0–1
may be considered as having low complexity, a score of
2–4 may be considered as moderate complexity, and a score
of 5–6 may be considered as high complexity for an experi-
enced surgeon.

With advances in robotic technology, PN for hilar and
central tumours is becoming feasible [21–23]. The existing
classifications do not recognise central/hilar tumours as a
separate entity. By contrast, the RPN system allows distinct
scoring for hilar and central tumours. Our definition of hilar



Fig. 2 – Examples of RPN classification with computed tomography scans in axial and coronal views. RPN = Radius, Position of tumour, iNvasion of renal sinus.
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tumours is an amended one from earlier definitions [21,22].
Significant inconsistencies in the definition of central renal
tumours exist in the literature [23]. Our definition of central
tumours, as described in Section 2.2.2, is simple and objec-
tive and can provide consistency for future reference.

Owing to its unique simplicity and robotic-specific vali-
dation, the RPN score may have several clinical applications.
Our surgical difficulty score correlates well according to
highly experienced surgeons, indicating that the system
can be used by less experienced surgeons for case selection
while ascending the learning curve. This should help in
monitoring progress and standardising the learning curve
for RAPN. In addition, the RPN system may provide an
objective tool for accrediting surgeons for the RAPN



Fig. 3 – Violin plots comparing the mean surgical difficulty score (deter-
mined from patient scans and averaged across scores from multiple
surgeon assessors) for the newly developed RPN score and RENAL, PADUA,
and SPARE scores. RPN = Radius, Position of tumour, iNvasion of renal
sinus; RENAL = Radius, Exophytic/endophytic, Nearness, Anterior/posterior,
Location; PADUA = Preoperative Aspects and Dimensions Used for Ana-
tomic; SPARE = Simplified PADUA REnal.

Table 2 – Preoperative characteristics of the patients and renal
masses and perioperative outcomes in the external validation data
set (n = 248)

Variable Result a

Age (yr) 59.1 ± 13
Body mass index (kg/m2) 28.8 ± 5.8
Radius (maximal diameter, mm) 35.9 ± 15
Radius (maximal diameter), n (%)
�2.5 cm 65 (26)
>2.5–5.0 cm 151 (61)
>5.0 cm 32 (13)

Position of tumour, n (%)
Peripheral 204 (82)

Hilar 38 (15)
Central 6 (2.4)

Invasion of renal sinus, n (%)
Noninvasive 75 (30)
Semi-invasive 83 (34)
Invasive 90 (36)

RENAL score 8.0 (6.0–9.0)
PADUA score 9.0 (7.0–10.0)
SPARE score 5.0 (2.0–6.0)
Operation time (min) 130 (105–155)
Estimated blood loss (ml) 50 (20–150)
Warm ischaemia time (min) 19 ± 6.3
Warm ischaemia time <25 min
No 40 (16)
Yes 206 (83)
Data missing 2 (0.8)

Complications, n (%)
No 229 (92)
Yes 19 (7.7)

Positive surgical margin, n (%)
No 235 (95)
Yes 9 (3.6)
Data missing 4 (1.6)

Trifecta outcome, n (%)
No 60 (24)
Yes 182 (73)
Data missing 6 (2)

Surgical approach, n (%)
Transperitoneal 178 (72)
Retroperitoneal 70 (28)

RPN score, n (%)
0 39 (16)
1 46 (19)
2 63 (25)
3 59 (24)
4 29 (12)
5 9 (4)
6 3 (1)

a Data are presented as the mean ± standard deviation or median (in-
terquartile range) for continuous variables.
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program. The RPN score can be routinely used in multidisci-
plinary meetings to discuss the treatment plan for patients
with renal masses and assess their suitability for RAPN. The
RPN system should also help in reporting and comparing
perioperative data from RAPN series.

Using a large international survey, we objectified the
subjective surgeon-perceived surgical difficulty as the RPN
score. On external validation, the performance of all four
classifications was similar in predicting perioperative out-
comes, with low R2 values and high RMSE values with no
significant correlation. Patients in this cohort underwent
RAPN performed by two experienced surgeons. Major com-
plications occurred in only 4.8%, the mean WIT was only
18.8 min, and the median EBL and OT were 50 ml and 130
min, respectively. With such favourable perioperative out-
comes and low complication rates, it is highly unlikely that
any classification would provide a meaningful clinical cor-
relation with perioperative outcomes.

There is significant inconsistency in the literature on the
role of nephrometry systems in predicting perioperative
outcomes. While several studies found that nephrometry
systems were helpful in predicting perioperative outcomes
[17,24–27], others found no such correlation. In a large mul-
ticentre study of more than 500 RAPN cases, Ubrig et al [16]
found that the PADUA score was unhelpful in predicting
perioperative outcomes. Similarly, Mufarrij et al [18]
reported that RENAL scores did not correlate with perioper-
ative outcomes in an RAPN series of 92 patients. Yeon et al
[19] also found that the RENAL and PADUA nephrometry
scoring systems did not predict perioperative outcomes in
a series of 113 patients who underwent RAPN. In a collabo-
rative review involving 29 series, RENAL, PADUA and C-
index systems were inconsistent in predicting perioperative
outcomes [28].

With cutting-edge robotic technology, it appears that
experienced robotic surgeons are able to perform PN in
high-complexity cases with favourable outcomes. Buffi
et al [29] reported RAPN outcomes for complex tumours
(PADUA score �10) in a multicentre study of 255 patients.
The mean OT was 165 min, mean WIT was 19 min, and
Clavien-Dindo grade >2 complications were observed only
in 5.1% of patients [29]. Ge et al [30] reported clinical data
for 22 patients with a renal hilar tumour who underwent
RAPN. The mean WIT and OT were 18 ± 4.0 min and 134 ±
44 min, respectively. The mean EBL was 136 ± 131 ml and
no patient needed an intraoperative blood transfusion.
There was no conversion to open surgery [30]. Data from
these RAPN series, consistent with our findings, suggest that
tumour complexity may not necessarily correlate with peri-
operative outcomes, especially for experienced surgeons.
However, we hope that future studies will demonstrate cor-
relation of the RPN score with perioperative outcomes in
heterogeneous series involving surgeons of varying levels
of experience.

Given their inconsistent predictive ability, the sole use of
nephrometry systems should not be for prediction of



Fig. 4 – Violin plots comparing warm ischaemia time, operating time, and estimated blood loss for RPN, RENAL, PADUA, and SPARE scores in the external
validation data set. RPN = Radius, Position of tumour, iNvasion of renal sinus; RENAL = Radius, Exophytic/endophytic, Nearness, Anterior/posterior, Location;
PADUA = Preoperative Aspects and Dimensions Used for Anatomic; SPARE = Simplified PADUA REnal.
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perioperative outcomes. Rather, they should be considered
a clinical tool to assign a tumour complexity score for the
various clinical applications discussed earlier in this section.
Owing to its simple application because it comprises just
three parameters, we suggest that RPN is the nephrometry
system most suitable and practical for use by urologists.

The findings from our study should be interpreted within
the context of its limitations. First, we focused only on
tumour factors. Additional factors such as BMI, previous
abdominal surgery, perinephric fat thickness, and surgical
approach, among many others, may also influence the diffi-
culty of treating an individual patient. However, inclusion of
all the factors that influence difficulty would be impossible
and would produce a scoring system that is difficult to use
with limited applications. Second, there was moderate
agreement in the international survey between surgeons
(ICC 0.66); however, this represents real-world data, as per-
fect agreement on surgical difficulty evaluation among sur-
geons is almost impossible. Third, we used a 10-point Likert
scale in our international survey because of its simplicity,
but this is not a validated tool. Fourth, we rounded the
regression coefficients for simplicity, which we acknowl-
edge may result in less precise prediction of surgical diffi-
culty. However, our main intention with this system is to
create a practical tool that can be easily implemented in a
busy clinical setting, and scores that require an interactive
calculator or have discontinuous numerical scores may
not be intuitive for users. Finally, we used retrospective
data in the external validation, and further prospective
external validation may be required to confirm our findings
and to assess the reproducibility and interobserver reliabil-
ity of the RPN score in the future.

5. Conclusions

The RPN classification is the first nephrometry system
developed to reflect the surgical difficulty of renal masses
for which RAPN is planned. With three parameters, this
new RPN system is intuitive, simple to implement, and
applicable to RAPN.
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