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Introduction: Nephrometric scores play an interesting role in nephron sparring surgery
(NSS) planning. The aim of this study is to evaluate if R.E.N.A.L. score (RS) is capable to
predict the occurrence of adverse events in laparoscopic NSS.

Materials and Methods: We prospectively studied 150 laparoscopic NSS between 2015
and 2018 to evaluate the relationship between RS and incidence of adverse events. Clavien
3 or superior complications, warm ischemia time (WIT) over 30 minutes, tumor violation,
positive surgical margins (PSM) and necessity of amplification of renal parenchyma
during the resection of the masses to obtain free margins were considered as adverse
events. We compared each item of the RS isolated and divided the patients between low
risk and high risk.

Results: Adverse results occurred in 48 cases (32%). Amplification of the margin of
resection was observed in 28 cases (19%). WIT exceeded 30 minutes in 9 cases (6.1%),
complications Clavien 3 or superior occurred in 13 cases (9%) and PSM were detected
en 6 cases (4%). Comparing the patients with adverse outcomes and each item of the RS
we did not find any statistical difference, but when divided into high risk and low risk,
we found that patients in the high risk group had a higher tendency to present ad-verse
results - 25.84% vs. 44.26% (p=0.03).

Conclusions: RS system is a good way to predict adverse outcomes in NSS, especially in
cases over 7. Further studies should focus on robotic approach and patient’s characteristics
other than the masses’ aspects.
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INTRODUCTION

There has been observed a shift towards
performing nephron sparring surgeries (NSS) for
low stage renal lesions in the last decades (1).
This has happened especially due to wide access
to radiological exams, leading to early diagnosis
of those lesions, and as a natural consequence,

NSS emerged as an oncologically equivalent al-
ternative to radical nephrectomy in most cases of
localized renal masses, and even in higher stage
lesions (1, 2).

Conventional open NSS has been for the
last 20 years the established standard option for
removal of T1 tumors, but, minimally invasive
approach has gained popularity over open NSS
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owing to its advantages of less blood loss, re-
duced operation time, shorter hospital stay, and
avoidance of morbidity related to flank incisions
(3, 4). However, laparoscopic NSS has a higher
complication rate when compared with open ac-
cess, and it is also reported to be demanding and
technically challenging specially for complex re-
nal tumors (3, 5).

In the absence of level one evidence favo-
ring any of these techniques, recommendations
are subject of biases such as surgeon’s experien-
ce, and comfort levels (6). A lesion that one clini-
cian may consider aggressive or even impossible
for NSS, due to its location or size may be sui-
table for another surgeon, according to the team
expertise and experience.

In order to establish the risk of adverse
results in minimally invasive NSS, such as pro-
longed warm ischemia time, bleeding, tumor vio-
lation, and postoperative complications, several
scoring systems have been proposed. The most
widely reported are the C-index, the PADUA
score and R.E.N.A.L. nephrometry (7, 8). Seve-
ral groups have reported the use of these scoring
systems in predicting perioperative outcomes
and incidence of complications (9, 10).

Proposed by Kutikov et al. in 2009 (11),
the R.E.N.A.L. score (RS) has been utilized in
many situations for predicting the outcome in
NSS. This scoring system is based on the radiolo-
gical characteristics of the lesion, involving size,
parenchymal depth, proximity to the colleting
system and location related to the kidney itself.
According with the radiological aspect, each item
may vary from one to three points, and at the
end those points are added to stylish the final
score. Suffix h is applied if the tumor is located
at the renal hilum, and letters P, A and X if the
location is posterior, anterior or impossible to be
determined.

We proposed a prospective evaluation
of the utility of the RS in predicting the oc-
currence of adverse results and postoperative
complications in the universe of laparoscopic
NSS. To our knowledge, this study is the first
to prospectively use the RS system in a large
Brazilian cohort undergoing laparoscopic NSS
in a tertiary referral center.
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MATERIALS AND METHODS

We prospectively evaluated 148 consecu-
tive patients treated with NSS for renal masses
(solid and cystic) suspected for malignancy. After
approval of our ethics commission, a total of 150
renal masses were treated between March 2015
and Mach 2018, since two patients presented with
two renal masses in the same kidney.

The same radiologist, to determine the RS
of each lesion, reviewed preoperative magnetic
resonance (MRI) or computed tomography (CT).
Multiphasic CT was performed by using a renal
mass protocol, consisting of a non-enhanced
data acquisition and data acquisition during the
nephrographic (delay, 90 seconds) and excretory
(delay 3-5 minutes) phases after the applica-
tion of a 150mL of iodinated contrast agent at
a constant flow rate of 3.5mL/sec. and using a
64-channel multidetectory CT scanner (Brillian-
ce CT, Philips). MRI examinations were perfor-
med with a 1.5T machine using a body matrix
phased-array coil (Optima MR360, GE Medical
Systems). DW imaging was performed and ADC
maps were generated.

In addition to DW imaging, patients un-
derwent the following routine imaging sequences:
multiplanar T2- and T1-weighted imaging before
and after administration of contrast material in
the arterial and venous phases. One dose of gado-
butrol (0.1mmol per kilogram of body weight) was
administrated. After contrast material injection,
images were acquired during the corticomedullary
(20 seconds), nephrogenic (70 seconds) and excre-
tory (3minutes) phases.

RS was determined based on images ac-
cording to the renal main axis (Figure-1). Usu-
ally reconstructed images are done using the
patient’s spine as the main axis, and since the
kidney is often presented in an angular position,
it may miss the accurate position of the mas-
ses (Figure-1). The surgeons had access to the
images, but not to the radiologist’s review. All
patients included in the study were submitted
to pure laparoscopic NSS executed by three ex-
perienced surgeons (more than 100 procedures
performed each), and signed an informed con-
sent previously to the procedure.
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Figure 1 - Kidney reconstruction based on the main renal axis. A— B a 65 years old male with an abdominal aneurism.

A) In this sagittal section we may notice how the organ is in an angular position, related to the spinal axis. B) Same image after reconstruction to observe how the aspect
changes after the evaluation based on the kidney’s main axis. C) Red line used to determine anterior or posterior location of the lesion on a 45 years old male with a totally
endophitic renal mass. D) MRI evaluation of inferior pole renal mass in a 55 years old female patient allergic to CT contrast media. Red line used to determine invasion of the

inferior pole.

Warm ischemia time (WIT) over 30 mi-
nutes, Clavien-Dindo (12) complications over 3
recorded in the first 90 days following the pro-
cedure, positive margins, tumor violation during
resection and/or necessity of amplification of the
area to be removed during NSS were considered
as negative outcomes. The incidence of these ne-
gative outcomes was compared with RS in two
ways. First - Each item of the R.E.N.A.L. score was
compared with each case. So radius; exo-endofic-
tness; nearness of the collecting system; location
and relation to the polar lines were compared as
independent characteristics to adverse outcomes.
Second - According to the sum of the R.E.N.A.L.
score, the cases were classified into high risk (RS
over 7) and low risk (RS under 6) for NSS, to de-
termine if the sum of the RS system was capable
of predicting those adverse results.
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SURGICAL TECHNIQUE

All procedures were performed transperi-
toneally with the patients under modified lom-
botomy position. A camera port was inserted at
the umbilicus, added to more three laparoscopic
ports, two located at the hemiclavicular line and
one at the tip of the 12" rib (Figure-2). The pro-
cedure started with medial mobilization of the
bowel, exposing the renal hilum, identification of
the renal artery and vein. In lower pole lesions,
the ureter was also identified to avoid lesions.
The renal fat was removed exposing the lesion
to be treated, and renal clamping was perfor-
med with laparoscopic bull dogs, according to
the surgeon’s preference either en bloc - artery
and vein, artery only, and even without vascular
clamping in some cases. After resected the lesion,
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Figure 2 - Patient’s position for a left side partial nephrectomy.

A) Patient's position for a left side laparoscopic partial nephrectomy. Notice the protection of the hips and fixation of the body to the surgical table. B) Instrument’s placement.
11th and 12th ribs identified. C — camera position on the umbilical incision. A — Auxiliary port used if necessary. 1—12mm laparoscopic port and 2 — 5mm laparoscopic port.

the renorraphy was performed in two layers, one
at the medullary region, closing the colleting
system if necessary, and a second continuous su-
ture to close the defect. The renal hilum was un-
clamped after the suture of the medullary region
was performed, and the resected area was reeva-
luated for residual bleeding, and another layer of
suture closing the edges of the resected area an-
chored by laparoscopic clips was performed. No
hemostatic agents were utilized. Hemostasis was
obtained using Gerota’s fat and suture lines. The
specimens were removed in proper laparoscopic
bags, through the umbilicus, and a drain was ins-
talled in all cases. The patients started oral liqui-
ds as soon as the bowel movements returned, and
were discharged from the hospital when drainage
was insignificant.

STATISTICAL ANALYSIS

A sample size of 150 masses was deemed
sufficient to identify a Spearman’s RHO of at le-
ast 0.25 between RS and adverse outcomes, with
a 0.95 confidence interval and a statistical power
of 0.8. We applied Fisher’s exact T test and Pear-
son Chi square test to compare proportions and to
establish possible correlation between RS and our
cases, comparing the ones with adverse outcomes
and their RS previously measured. A significance
level of 0.05 was adopted for all statistical tests;
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data set were processed on Stata version 14.0
(2015. StataCorp. College Station, TX USA).

RESULTS

We can observe the patients and renal
masses aspects in Table-1.

Our median operative time has 120 min (90
- 130min), WIT was 19.5 min (9 - 39 min), and we
have found 67 adverse results in 48 cases (329%).
We established 30 minutes for WIT as an adverse
event due to the controversy around this matter
in the literature (13, 14) and it was detected in 9
cases (6.1%), 5 cases were RS 6, and in two cases
each for RS 10 and 7. The collecting system was
violated in 32 cases (21.8%), 15 cases were close
to the collecting system (grade 3 in nearness) and
in only 4 cases a urinary fistula was detected. Two
cases were RS 7 and two RS 9. All four cases of
urinary fistula were treated with double J stenting
and a bladder catheter until the drainage stopped.

Amplification of the margin of resection
was necessary in 28 cases (19.7%). RS 7 in 10 ca-
ses, RS 6 and 8 in 4 cases each, RS 5 in 3 patients,
RS 10in 2, RS 4 in 3, and one case in RS 11 and 9.
Positive surgical margins on final pathology were
detected in 6 cases (4.3%) two in RS 8, and RS 7,
one in RS 9 and one in RS 5. Tumor violation was
observed in 12 patients. In all cases, the margin of
resection was amplified, to obtain normal paren-
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Table 1 - Patients’ distribution according to age, gender,
body composition, ASA preoperative risk, pathological
stage and subtypes.

DATA
Age 62 (52-68)
BMI 22.77 (25.4 -31.14)
Gender
Female 64 (42.5%)
Male 84 (57.5%)
ASA
| 55 (37.9%)
Il 85 (58.6%)
I 5(3.4%)
Side
Left 71 (53.4%)
Right 62 (46.6%)
Solid / Cystic
Solid 128 (86.5%)
Cystic 22 (13.5%)
Pathological Stage
Tla 98 (78.4%)
Tib 19 (15.2%)
T2 5 (4%)
T3 3 (2.4%)
Histological Subtype
Clear Cells 124 (82.6%)
Other malignant 1(0.7%)
Others benign 25 (16.7%)

chyma in the specimen. This occurred in RS 7 - 4
patients, RS 8 - 5 patients, RS 6 - 9 and 10, one
patient each.

In a median period of follow-up of 3.5 (5-
3) years, only one patient died due to metastatic
disease, and in this specific case, there were no
local recurrences.

Per operative complications were: Pleural
perforation 1, bowel accidental perforation - 3, vas-
cular injuries, 4 patients (1 Vena cava, 2 renal vein,
1 artery), all managed laparoscopically. Four patients
had per operative bleeding over 1.0L, one was RS 4,
two RS 5 and one in RS 6, all required monitoring
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in intensive care units. Two patients had their pro-
cedures converted to radical nephrectomy, one due
to technical difficulty (equipment malfunction) and
one due to hilar invasion of the lesion, making it
impossible to preserve the organ (RS 11).

Postoperative complications detected were
urinary fistula in 4 patients as reported previous-
ly, bleeding due to pseudoaneurism formation (one
case RS 4), and bleeding requiring monitoring in
intensive care unit in 2 cases (RS 8). Infections were
detected in 4 patients (pneumonia, phlebitis, wound
infection and urinary infection). One patient had to
be submitted to a total nephrectomy due to acute
bleeding on postoperative day 1 (RS 9).

Among the 89 patients with RS under 6, we
have found adverse results in 23 (25.84%) and in
the 61 patients with RS over 7, the incidence of
adverse results was found in 27 cases (44.26%) p
<0.05. The distribution of those patients is listed
in Table-2 and Table-3 shows the incidence of ad-
verse events according to each item of the RS and
when the cases are divided in to low and high-risk
groups.

DISCUSSION

Size limit for CT1 NSS has shifted from
4cm to 7cm in size and it also may be indicated in
some CT2 cases when feasible (2, 15, 16). With the
development of minimally invasive techniques,
the possibility to estimate the risk of occurrence of
an adverse outcome is of great importance when
indicating this approach, specially in high comple-
xity cases. The target of an ideal NSS should be a
good oncological outcome with negative surgical
margins, maximal renal function preservation and
minimized complications. Those goals are achie-
ved with low warm ischemia time, low bleeding,
no tumor violation and good hemostasis (17, 18).

In this scenario, clinical decision-making
is subjective, since there are aspects including
not only the tumor characteristics, but also insti-
tutional experience, surgical team expertise and
patient’s related factors, such as age, comorbidi-
ties, amount of fat evolving the kidney and ana-
tomic issues among others that should be taken
in consideration when indicating a minimally in-
vasive NSS (19).
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Table 2 - Incidence of adverse events according to the final R.E.N.A.L. score.

R.E.N.A.L. 4 5 6 7 8 9 10 11
# patients 28 31 30 35 13 6 5 2
(18.7%) (20.7%) (20%) (23.3%) (8.7%) (4%) (3.3%) (1.3%)
WIT >30 0 0 5 2 0 0 2 0
Complications 3 2 2 2 0 2 1 1
Margin Amplification 3 3 4 10 4 1 2 1
Positive Margins 0 1 0 2 2 1 0 0
Tumor Violation 0 0 1 4 5 1 0 0
Total 6 6 12 20 1 5 5 2
Table 3 - Patient’s distribution according to each item of the renal score and divided between low and high risk.
R.E.N.A.L. No Adverse Results Adverse Results Total Cases P Value
RADIUS Pearson Chi2-0.454
Fisher’s - 0.350
1 (<4cm) 71 (70.3%) 30 (29.7%) 101
2 (4-7cm) 24 (58.54%) 17 (41.46%) 41
3 (>7cm) 5 (62.5%) 3 (37.5%) 8
EXOFITIC/ENDOFITIC Pearson Chi2-0.454
Fisher’s - 0.424
1 (>50% exof.) 63 (65.62%) 33 (34.38%) 96
2 (50% exof.) 33 (71.74%) 13 (28.26%) 46
3 (<50% exof.) 4 (50%) 4 (50%) 8
NEARNESS Pearson Chi2 - 0.07
Fisher’s - 0.07
1 (>7mm) 59 (78.67%) 16 (21.33%) 75
2 (4-7mm) 16 (51.61%) 15 (48.39%) 31
3 (< 4mm) 25 (56.82%) 19 (43.18%) 44
ANTERIOR/ POSTERIOR Pearson Chi2 -0.095
Fischer's - 0.072
A - Anterior 61 (75.31%) 20 (24.69%) 81
P - Posterior 26 (55.32%) 21 (44.68%) 47
H - Hilar 1(100%) 0 (0.0%) 1
x - Undetermined 12 (60%) 8 (40%) 20
LINES Pearson Chi2 -0.322
Fischer’s - 0.324
1 - Beyond Polar Lines 62 (70.45%) 26 (29.55%) 88
2 - Crossing Polar Lines 25 (65.79%) 13 (34.21%) 38
3 - Between Polar Lines 13 (54.17%) 11 (45.83%) 24
GROUPS ACCORDING TO RISK
R.EN.A.L. <6 66 (74.16%) 23 (25.84%) 89
R.EN.A.L >7 34 (55.74%) 27 (44.26%) 61

Pearson Chi 2 0.019
Fisher’s — 0.03
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Despite subjective factors involving deci-
sion making, there are some aspects related speci-
fically to the lesion itself that of most importance.
Specially in those patients, nephrometry scores
play a very important role.

This detailed description should include
not only the adequate location of the lesion on the
kidney surface, specially in those small tumors,
that are sometimes difficult to locate, but also the
depth of penetration of the mass through the pa-
renchyma. The deepest you dissect the tissue, the
higher are the chances of reaching larger blood
vessels and consequently bleeding complications
tend to occur. Invasion of the collecting system,
and relation to the polar lines are also important
aspects to be described, since they may be related
to other adverse outcomes, such as urinary fistulas
or loss of renal parenchyma due to suture hemos-
tasis (20).

An important issue evolving nephrometry
is the inter observer variability and the lack of
standardization of the radiological evaluation and
the absence of inclusion of aspects not related to
the tumor (21). In our series, the determination of
the RS was stablished using the main renal axis,
which minimized the inter observer differences.
Another important aspect is that most series eva-
luating RS are retrospective, what makes it diffi-
cult to evaluate specifically some aspects due to
confounding factors (22). In this series, we pre-
viously stablished which were the technical diffi-
culties in a laparoscopic NSS, such as tumor viola-
tion and indication on margin amplification, and
also determined the adverse results to be studied
before evaluating the postoperative results.

Since RENAL nephrometry system adresses
all these charctaristics related to the masses, it has
made it the most popular and widely used (1). But
still, this system has some issues to be considered.
If we compare two tumors with similar scores it
does not mean that they do necessarily pose the
same characteristics. For an exemple, a 3cm left
sided anterior exophitic tumor (RENAL 4a) in a
healthy slim individual might be much easier to
ressect than a 2cm upper pole right posterior mass
in a diabetic obese patient (RENAL 4p).

That brings us the main question. Is RS
score system a way to predict surgical outcome
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or simply a more detailed way to describe a renal
mass? In our series, we evaluated it in two ways.
First, each item of the renal score isolated, then
by dividing the patients into high and low risk
groups.

When considering each item isolated we
were not able to predict adverse outcomes (Ta-
ble-3), but when added to one another and strati-
fied by high and low risk, a statistically significant
result was obtained, suggesting that when the sum
of RS is equal or over 7 (61 masses out of 150 to-
tal), there is a higher incidence or occurrence of an
adverse outcome (44.26% vs. 25.849%) (Table-2).

Our incidence of adverse events is com-
parable to series described in the literature with
an incidence of 4.3% of positive surgical mar-
gins, with no impact in overall survival in a short
follow-up time. Usually, relevant factors related
to local recurrence are high Fuhrman grade and
stage T2-T3a (21-23).

Tumor violation is another relevant aspect
of NSS. In our 12 cases when this happened in a
short period of follow-up, we did not detect any
cases of recurrence, probably due to low aggres-
sive neoplasia or no spillage of malignant cells as
reported by other authors (24, 25). We observed in
our data regarding tumor violation, positive mar-
gins and necessity of amplification of the area of
resection that RS wasn’t able to predict, since that
was observed in high (18 cases) and low risk pa-
tients (10 cases), with a higher tendency to occur
in RS scores over 7.

We stablished a 30 minutes warm ischemia
time as a cut off for an adverse result due to the
lack of information in the literature concerning a
specific period of time that a kidney should have
its blood flow safely interrupted with no damage
to the renal function (26, 27). All of our 9 patients
with warm ischemia time over 30 minutes were
discharged home with a serum creatinine level
close to the preoperative levels. Interestingly, five
were low risk (RS 5) and four high risk (2 RS 10
and 2 RS 7). Certainly, if we considered a lower
WIT time, like in some papers published (13, 14,
22), we would have more cases with adverse ou-
tcomes. Interestingly, a long WIT was necessary
in five cases of low risk and four for the high risk
group (Table-3). This is opposite to what we see in
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other papers, with a higher WIT for the cases with
high complexity tumors (28, 29).

A higher complication rate with an in-
cidence of Clavien 3 or superior incidence, was
also previously described for the high risk group
of patients submitted to NSS (29, 30); this was
not observed in our series, since among all 13 ca-
ses when it happened, seven were in the low risk
group (RS <6).

Another issue that should be adressed in
nephrometry scores is the patient’s characteris-
tics. Aspects such as the amount of fat around the
kidney (31), anatomic considerations, number of
arteries, previous abdominal procedures, comorbi-
dities and preoperative renal function are relevant
factors and may impact on the final result of a
NSS, and are not taken under consideration in any
nephrometry score system.

Recently, robotic surgery has gained accep-
tance among minimally invasive urologic surgeons
due to several advantages, such as three-dimen-
sional image magnification, dexterous movements
and short learning curve. Some reports show that
robotic assisted NSS is safe and feasible with good
short term oncological outcome, and possibility to
be performed in complex cases with better results.
Further experience is needed to validate RS in this
scenario (32, 33). Laparoscopy is still performed
in a lot of countries where the access to robotic
surgery is limited, even in complex cases (34). So,
evaluating RS and laparoscopic surgery is usefull
for these institutions when indicating a laparosco-
pic NSS or referring the patient to an institution
with robotic surgery technology. Also, if robotic
assisted surgery has better results when compa-
red to pure laparoscopy, the incidence of adverse
events in high complexity RS lesions should be
lower, and the results of this study could be even
better if evaluated on robotic assisted series.

CONCLUSION

Laparoscopic NSS for small renal mas-
ses presenting with RS nephrometry system sum
over 7 should be managed by experienced sur-
geons, since those cases might be associated with
a higher incidence of complications and adverse
results. Further studies should focus on robotic
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assisted approach and adding patient’s charac-
teristics other than the aspect of the renal mass
isolated to increase accuracy in predicting adverse
events.

ABBREVIATIONS

NSS = nephron sparring surgery

RS = R.E.N.A.L. score nephrometry system

PSM = positive surgical margins

WIT = warm ischemia time

BMI = body mass index

ASA = classification of physical status of the
“American Society of Anesthesiologists”
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