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Abstract

Aim: To test the hypothesis that R.E.N.A.L. nephrometry score is able to predict surgical conversion, from laparoscopic to open nephrectomy, or totalization, from
partial to total nephrectomy.

Methods: Between January 2010 and June 2012, 320 patients underwent radical or partial nephrectomy at a Tertiary Institution, of which 173 (54.1%) had a
tumor <7cm. Of these, 71 (41%) patients were selected for the prospective study according to inclusion and exclusion criteria. Score’s accuracy in predicting surgical
conversion rate was analyzed by using ROC curve and it’s best cutoff point was identified.

Results: The accuracy of R.E.N.A.L. nephrometry score in predicting conversion rate demonstrated an AUC of 0.715 (95% CI: 0.595-0.836; p=0.002). By evaluating
a cutoff point, it was found 46% sensitivity and 78% specificity for R.E.N.A.L. >9. From patients who underwent totalization, 4/46 (8.9%) had a R E.N.A.L. score
<9 and 7/25 (28%) had a R E.N.A.L. score 29, OR 4.08, p=0.03.

Conclusion: R.E.N.A.L. nephrometry score can help predicting the need of total nephrectomy or conversion to open surgery. Renal unit loss was associated with
high complexity tumors (score 29), with this cutoff point representing a fourfold higher chance of conversion from partial nephrectomy to radical in treatment of

renal cancer.

Introduction

Renal cell carcinoma (RCC) represents the most common type
of kidney cancer and its incidence is increasing worldwide, also as
a reflection of imaging methods diffusion that is capable of early
diagnostics [1]. Surgical removal of the tumor is still the only curative
treatment for localized renal cancer, with two possible approaches:
total or partial nephrectomy, both of which can be performed either
openly or laparoscopically.

Over the last two decades there has been a significant expansion
of partial nephrectomy (PN) [2]. PN has been established with the
purpose of promoting better renal function preservation, prevention
of chronic postoperative kidney disease, providing improvement in
cardiovascular function and decreasing mortality when compared
to total nephrectomy (TN) [3]. Thus, nephron sparing surgery is
considered the gold standard for treatment of most tumors up to 4cm
(T1a), and is an emerging option for some tumors between 4 and 7cm
(T1b), with oncologic equivalence comparable to TN [4]. For individuals
with a single, anatomical or functional kidney, the benefits are clear,
allowing this approach to be performed even for more complex cases,
such as tumors larger than 7cm or multiple ones [5]. However, even
individuals with normal renal function and contralateral disease-free
kidney, several studies have demonstrated long-term partial approach
advantages in preserving renal function [6-11].

Recent improvement in laparoscopic techniques, and the
availability of vascular instruments for this purpose, have allowed
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laparoscopic partial nephrectomy (LPN) to become a viable alternative.
LPN requires less analgesic use, shorter hospital stay and better
postoperative recovery with satisfactory renal preservation and with
great oncological outcomes reported in 5 years [12]. On the other
hand, perioperative morbidity and, in some cases, technical difficulty,
are usually higher in LPN, making these patients have a higher risk of
complications [13].

During surgical approach, sometimes totalization is needed because
of some variables that can hinder surgical procedure. Conversion of PN
to TN, however, can be predicted if specific tumor parameters are taken
into account. R.E.N.A.L. nephrometry score is based on the five main
aspects that characterize anatomical attributes of solid renal mass:
tumor size, relation to renal cortex (endophytic or exophytic), proximity
to excretory system or renal sinus, anterior or posterior localization,
and position of the tumor in relation to polar line. It thus represents a
structured, reproducible and quantitative system capable of classify and
compare tumors according to their anatomical complexity [14].
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Because of the increasing frequency of sparing surgery worldwide,
the evaluation of anatomical parameters and the attempt to predict
whether they suggest intraoperative totalization or conversion is
relevant for surgical and anesthetic planning. Then, the present study
intends to test the hypothesis that R.E.N.A.L. nephrometry score is
capable of predicting surgical conversion from laparoscopic to open
approach, or totalization, from partial to radical nephrectomy.

Materials and methods

This is a “post hoc” analysis of a prospective cohort study whose
data collection was performed between January 2010 and June 2012
with patients admitted in a reference oncologic hospital with indication
of renal tumor surgical excision. Patients who accepted to participate
in study needed a computed tomography (CT) scan of Hospital service,
which was the only intervention performed, essential for the adequacy
of REN.A L. score standardization.

Inclusion criteria used were solid or cystic lesion (Bosniak III or IV)
with contrast uptake in kidney with indication of partial nephrectomy:
tumor up to 7cm in diameter, regardless of anatomical location; to
have a tomography or magnetic resonance image in hospital’s internal
system, allowing complete visualization of images in axial, sagittal
and coronal sections; and to be over 18 years old, or younger than
18 with consent of legal tutors. Exclusion criteria were patients with:
single anatomic or functional kidney; chronic renal failure (creatinine
>1.5mg/dl); multiple renal tumors (more than one); nephrolitiasis
ipsilateral to the tumor; renal tuberculosis; patients submitted to
previous surgeries in the kidney or upper abdomen ipsilateral to renal
tumor; and those who did not agree to sign consent form.

The following variables were studied: age, sex, BMI (body
mass index), systemic arterial hypertension, diabetes mellitus,
presence of tumor related symptoms (pain, hematuria, palpable
mass, paraneoplastic syndrome), presence of metastasis,
anatomopathological data, surgical margin and surgical
approach. For the perioperative outcomes, the conversion rate
for open surgery and totalization and the respective reasons
were considered.

Initially, all patients were submitted to laparoscopic partial
nephrectomy, considered the gold standard of approach in this
research protocol. Any different approach was considered as
conversion. After surgery, patients were classified according
to the operation performed: laparoscopic partial nephrectomy
(LPN); open partial nephrectomy (OPN); laparoscopic total
nephrectomy (LTN); or open total nephrectomy (OTN).
Preoperative (preemptive) conversions were those that occurred
prior to the beginning of the procedure and intraoperative were
those that occurred during the surgery.

Statistical analyzes were performed using chi-square
test for comparison between proportions and correction for
continuity or Fisher’s exact test, when applied. Relative risks
estimated were given by Mantel-Haenszel analysis. Receiver
Operating Characteristic (ROC) curve was designed to evaluate the
accuracy of REN.A.L. score into predicting the rate of conversion
of laparoscopic to open access, and Youden index to identify the
cutoff point with best performance in sensitivity and specificity.
Values of p <0.05 were considered statistically significant.

Results

Between January 2010 and June 2012, 320 individuals underwent
nephrectomy due to RCC. Of these, 173 (54%) patients had tumors up
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to 7cm. Seventy-one patients were included in data analysis, according
to selection criteria. The reasons for exclusion were: single kidney (8),
chronic renal failure (17), renal tuberculosis (3), pyelonephritis (1),
previous renal surgery (7), previous abdominal surgery (11), ipsilateral kidney
stone (12), and absence of a CT scan in the hospital internal system (43).

Regarding clinical characteristics, the mean age was 60.0 + 12.7
years and 39 (54.9%) were male. The fact that the tumor was diagnosed
incidentally, with no related symptoms, in 76.1% of patients, is
important to highlight. Other characteristics are listed in Table 1.

Accessing anatomical characteristics of the tumors, the mean
tumor size was 4.1cm. Median R.E.N.A.L. score was 9 (4-11). There
were 7 (9.9%) patients of low complexity, 22 (31%) of high complexity
and the majority (59.2%) of medium complexity. Most frequent
pathological stage and histological type were T1a (54.9%) and clear cell
(47.9%), respectively.

In reference of surgical access route, 40 (56.4%) patients were
operated by laparoscopy (Tables 2 and 3). Most tumors of low

Table 1. Demographic and clinical characteristics of the study population.

Characteristic N (%)
Male 39 (55%)
Age 60 £ 12.7*
BMI 27.6 £4.5%
ASAI1 5 (7%)
ASATI 60 (84%)
ASATII 6(8.5%)
Systemic Arterial Hypertension 32 (45%)
Diabetes Mellitus 9 (13%)
Incidental 54 (76%)

*Average + Standard Deviation (minimum-maximum).

Table 2. Anatomical and pathological characteristics of the operated tumors.

Characteristic N (%)
Tumor size 4.1+ 1.4%
RENAL score 9 (4-1D)f
RENAL score

Low complexity (4-6) 7 (9.9%)
Medium complexity (7-9) 42 (59%)
High complexity (10-12) 22 (31%)
Histological type

Clear cell 34 (48%)
Papillary 9 (13%)
Chromophobe 6 (8.5%)
Medullary 4 (5.6%)
Oncocytoma 2 (2.8%)
Angiomyolipoma 6 (8.5%)
Others 10 (14%)
Pathological stage

Tla 39 (55%)
Tlb 21 (30%)
T2 6 (8.5%)
T3a 5(7.0%)
Surgical margin study

Free 50 (70%)
Coincidents 17 (24%)
Focused 2 (2.8%) — laparoscopic
Compromised 2 (2.8%) — open 1 / laparoscopic 1

* Average + Standard Deviation. ¥ Medium (minimum - maximum).

Table 3. Surgical access route.

Access route N (%)
Laparoscopic partial nephrectomy 32 (45%)
Open partial nephrectomy 28 (39%)
Laparoscopic total nephrectomy 8 (11%)
Open total nephrectomy 3 (4.2%)
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complexity (71.4%), approximately half of the tumors of medium
(52.4%), and the minority of high ones (22.7%) were operated by
laparoscopic partial nephrectomy (p<0.01).

Preemptive conversion to open surgery occurred in 26 (36.6%)
patients, 2 for OTN and 24 for OPN. Forty-five patients started the
procedure by laparoscopy, 8 were converted to LTN and 5 were
converted to open surgery (4 OPN and 1 OTN).

In concerning of totalization frequency, 2 (7.7%) patients
who started open surgery and 9 (20%) patients who started with
videolaparoscopy were converted to radical nephrectomy (p=0.14).

The accuracy of R.E.N.A.L. score in predicting conversion rate was
tested through the ROC curve which demonstrated an AUC of 0.715
(0.595-0.836), p=0.002 (Figure 1). Evaluating a cut-off point privileging
information specificity, 46% sensitivity and 78% specificity were found
for RE.N.A.L. >9.

Then, patients were separated into two groups, from the cut-off
point found by the Youden index, and the association of each group
with the types of surgery were verified. Patients with R.E.N.A.L. <9
were more frequently submitted to PN (93% x 72%, p=0.03) and LPN
(54.3% x 28%, p=0.02). Twenty-five patients (54.3%) with REN.A.L.
<9 and only seven (28%) with R.E.N.A.L. >9 underwent LPN without
any kind of conversion; p=0.03.

From the individuals that underwent totalization, 4/46 (8.9%)
had R.EN.A.L. <9 and 7/25 (28%) had R.E.N.A.L. 29 (p=0.03). The
Odds Ratio was 4.08 (1.06-15.7) and the accuracy of R.E.N.A.L. score
in predicting totalization was 0.69, showing 63.6% sensitivity and 70%
specificity.

Discussion

In the present study, the analysis of R.E.N.A.L. score capacity of
predicting conversion rate and totalization, showed a moderate and
low accuracy respectively. Then, the value of 9 was determined as the
best cutoff point of the score. After this, two groups were separated

Sensitivity

T T T
o8 T 0
1 - Specificity
Figure 1. ROC curve: R.EN.A.L. X Conversion rate.
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according tumor’s complexity and it was found that the tumors of high
complexity have four times more chances of renal unit loss. Thus, it was
observed R.E.N.A.L. score is associated with conversion of partial into
total nephrectomy, regarding treatment of renal cancer.

Definition of anatomical aspects and tumor location by
nephrometry is what makes it possible to identify patients with greater
chance of conversion/totalization, suggesting its efficacy in determining
possible intraoperative findings that hinder the effectiveness of nephron
sparing surgery. The use of this instrument, therefore, facilitates the
indication of the approach route and in individuals with a score greater
than or equal to 9, who are at high risk, it is possible to predict the
need to initiate nephrectomy by open and/or total and thus avoid
intraoperative conversion. However, there is a high association, but
R.EN.A.L. score alone does not allow to identify with good accuracy
patients who will have these outcomes. In complex models, such as
biological ones, multiple variables added together are often needed to
predict outcomes.

The knowledge of the increased risk of chronic kidney disease
and cardiovascular morbidity after radical nephrectomy, in addition
to equivalent oncological outcomes in tumors of different sizes [15],
led the European Association of Urology (EAU) and the American
Urology Association (AUA) to support the use of sparing surgery
whenever technically feasible [16]. Seung et al. presented in their study
the increase in frequency of PN from 59.5% in 2008 to 95.1% in 2014 in
low complexity group, from 23.1% in 2008 to 75.3% in 2014 in medium
complexity group and from 2.2% in 2008 to 19.6 % in 2014 in high
complexity group [2]. Another evaluation carried out in European
tertiary centers found an increase from 15% to 70% between 1987 and
2008 [17]. In our sample, the frequency of PN was 84.5%, 53% of which
were videolaparoscopy. This result shows the tendency of Brazilian
tertiary care centers reproduce the indication of nephron sparing
surgery that occurs in other important centers worldwide.

In this study, 7.7% of patients submitted to OPN and 20% of those
submitted to LPN converted for totalization (p=0.14). Despite the lack
of statistical significance, the literature demonstrates greatest technical
difficulty of laparoscopy as a factor that contributes to increase the
indication of total nephrectomy [18]. However, it is a consensus among
urologists that it is better to perform an open partial nephrectomy than
a total laparoscopic one [18]. Even with the benefits already published
on general survival, with oncological and functional outcomes similar
to the open surgery [16], Gill et al. evidenced the increase in the rate
of perioperative complications. The publication showed a three times
greater chance of performing secondary procedures in LPN in a study
comparing LPN and OPN performed in patients with single tumors
smaller than 7cm [3].

The decision of surgical indication based on preoperative
imaging is often difficult. Therefore, R.E.N.A.L. nephrometry score
was designed to describe and classify the most surgically relevant
anatomical features of solid renal neoplasms in attempt to minimize
differences in standardization of conducts between services [14].
Currently, nephrometry is spreading, being proven effective for several
aspects, but it’s underutilization still leads to an often intraoperative
final decision.

Previous studies have shown a correlation between the score and the
surgical decision, oncological and functional results, and postoperative
complications [19-24]. In our study, high nephrometry (R.E.N.A.L. 29)
had a 46% sensitivity and a 78% specificity in predicting conversion rate
and a 63.6% sensitivity and a 70% specificity in predicting totalization.
There was a 28% totalization in high complexity group against 8.9%
in lower complexity group, showing a chance of intraoperative
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totalization of 4.08 when RENAL 2>9. In agreement, a study that
evaluated the capacity of nefrometry in predicting perioperative
results, demonstrated in a series of 134 PNs 23% of complication for
REN.A.L. 29, elucidating the possibility of avoiding this risk with a
correct indication [25].

Still according to our work, Canter et al. found in a cohort of 615
patients that score could be a valuable tool for objectifying decision
making process of surgical indication. Tumors treated by TN had a
mean score of 9.67 and those treated by PN of 7.49. Analysis of the
individual components showed as the tumor size (R), proximity to the
collecting system (N) and location (L) scores increased, TN was the
most likely indication [20]. However, most of the published studies
do not test accuracy, but only find associations between variables of
the score and outcomes. As the data about R.E.N.A.L. score are being
validated by studies with larger casuistics, it will be possible to have a
better prediction of chances of conversion, improving anesthetic and
surgical planning and preparation of the patient for this possibility.

The present study, although prospective, did not control some
variables. Variation of the surgical teams may have influenced the
choice of access route. Another criticism is that it was a “post hoc”
study, so the initial project was not designed to answer these objectives.
Anyway, association between outcomes and tumor complexity was
clearly established, making R.E.N.A.L. score a useful tool in therapeutic
planning of patients with renal cancer.

R.EN.A.L. nephrometry score can help predict the need for
nephrectomy conversion and/or totalization. Renal unit loss was
associated with high complexity tumors (score >9), with this cutoff
representing a fourfold higher chance of intraoperative kidney loss in
renal cancer treatment.
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