
RESEARCH Open Access

A low RENAL Nephrometry Score can avoid
the need for the intraoperative insertion of
a ureteral catheter in robot-assisted partial
nephrectomy
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Abstract

Background: Intraoperative urinary collecting system entry (CSE) in robot-assisted partial nephrectomy (RAPN) may
cause postoperative urinary leakage and extend the hospitalization. Therefore, identifying and firmly closing the
entry sites are important for preventing postoperative urine leakage. In RAPN cases expected to require CSE, we
insert a ureteral catheter and inject dye into the renal pelvis to identify the entry sites. We retrospectively analyzed
the factors associated with intraoperative CSE in RAPN and explored the indications of intraoperative ureteral
catheter indwelling in RAPN.

Methods: Of 104 Japanese patients who underwent RAPN at our institution from August 2016 to March 2020, 101
were analyzed. The patients were classified into CSE and non-CSE groups. The patients’ background characteristics,
RENAL Nephrometry Score (RNS), and surgical outcomes were analyzed.

Results: Intraoperative CSE was observed in 41 patients (41%). The CSE group had a significantly longer
operative time, console time, ischemic time, and hospital stay than the non-CSE group. In a multivariable
analysis, the N-score (odds ratio [OR] = 3.9, P < 0.05) and RNS total score excluding the L-score (OR = 3.1,
P < 0.05) were associated with CSE. In a logistic regression analysis, CSE showed a moderate correlation
with the RNS total score excluding the L-score (AUC 0.848, cut-off 5, sensitivity 0.83, specificity 0.73).

Conclusion: A ureteral catheter should not be placed in patients with an RNS total score (excluding the
L-score) of ≤ 4.
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Introduction
Partial nephrectomy for renal cell carcinoma is a
standard treatment that can be expected to preserve
the renal function while maintaining cancer control,
but it carries more complications than radical neph-
rectomy. Postoperative urine leakage, which is a

complication unique to partial nephrectomy, occurs in
0.3–13.3% of cases [1, 2].
Once postoperative urine leakage is found, invasive

treatment, such as placing a ureteral catheter or surgical
intervention, is required for management. Postoperative
urine leakage is caused mainly by insufficient closure of
intraoperative collecting system entry (CSE) [3]. There-
fore, identifying and firmly closing the entry sites are im-
portant to prevent postoperative urine leakage.

© The Author(s). 2021 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: nishimura.kenichi.vx@ehime-u.ac.jp
Department of Urology, Ehime University Graduate school of Medicine,
Shitsukawa, Toon, Matsuyama, Ehime 791-0295, Japan

Nishimura et al. World Journal of Surgical Oncology           (2021) 19:40 
https://doi.org/10.1186/s12957-021-02146-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s12957-021-02146-0&domain=pdf
http://orcid.org/0000-0002-0126-8653
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:nishimura.kenichi.vx@ehime-u.ac.jp


One way to identify entry sites is via visual recognition
of dye in the renal pelvis with the insertion of a ureteral
catheter during dissection of a renal tumor [4, 5]. How-
ever, placing a ureteral catheter prolongs the operative
time and increases the expense [5]. Therefore, the pre-
surgical prediction of CSE can avoid needless ureteral
catheter placement.
We retrospectively analyzed the factors associated with

intraoperative CSE in robot-assisted partial nephrectomy
(RAPN) and explored the indications of intraoperative
ureteral catheter indwelling in RAPN.

Patients and methods
Our institutional review board-approved retrospectively
maintained institutional database was queried to identify
RAPN cases performed at our hospital from August
2016 to March 2020.
The patients were divided into a CSE group and non-

CSE group, and the patient background characteristics
(age, gender, height, weight, body mass index [BMI],
tumor size), RENAL Nephrometry Score (RNS), and sur-
gical outcomes (operative time, console time, ischemic
time, discharge) were analyzed.
For variables with a non-normal distribution, data

are presented as the median, and the groups were
compared using Mann-Whitney’s U test. Categorical
variables were compared using the chi-squared test. A
comparative analysis was performed between the CSE
and non-CSE groups. Univariable and multivariable
logistic regression analyses were performed to calcu-
late the odds ratios (ORs) for factors influencing CSE.
A receiver operating characteristics (ROC) curve was
used to analyze the utility of the RNS for predicting
the risk of CSE in RAPN.
Significance was defined as P < 0.05. All analyses were

performed using EZR.

Surgical method
The surgical procedure for RAPN used in our institu-
tion is described. The method of approach (retroperi-
toneal, transperitoneal) is determined by the
localization of the tumor. In cases where intraopera-
tive CSE is expected, a ureteral catheter (Open End
Ureteral AxxcessTM Catheter, 6F, Boston Scientific) is
inserted into the renal pelvis using a flexible cysto-
scope after the introduction of general anesthesia.
During dissection of a renal tumor with renal artery
clamping, a dye is injected into the renal pelvis to
identify the entry sites of the collection system. The
entry sites are then sutured using a 3-0 absorbent
monofilament suture. Bleeding at the dissection sur-
face is stopped using soft coagulation, and then the
renal artery is de-clamped.

Usually, the renal parenchyma is not sutured, and the
resection surface is covered with an absorbable fibrin
sealant patch and fibrin glue. The ureteral catheter is re-
moved before the patient is awakened from anesthesia in
all cases. A drain is placed in all cases. The urethral
catheter and drain are removed the day after surgery.

Results
Of the 104 Japanese patients who underwent RAPN at
our institution between August 2016 and March 2020, 3
were excluded from the analysis due to transition of
total nephrectomy (1), open conversion (1), and two tu-
mors in the same kidney (1), thus leaving 101 patients
who could be evaluated.
The CSE group included 41 patients, and the non-CSE

group included 60 patients. There were no signifi-
cant differences in the background characteristics
(age, height, weight, BMI, Charlson comorbidity
index) between the two groups. The CSE group had
a significantly longer operative time, console time,
ischemic time, and hospital stay than the non-CSE
group. Postoperative urine leakage occurred in 5
cases (5%), all in the CSE group. The entry sites
were sutured. All cases recovered following the
placement of a urethral catheter and ureteral stent
after the detection of urinary leakage (Table 1). Sig-
nificant differences were observed in the tumor
anatomical factors, such as the tumor size, R-score,
E-score, N-score, RNS total score, and RNS total
score excluding the L-score (Tables 1 and 2).
In a multivariable analysis, the N-score (OR = 3.9, P <

0.05) and RNS total score excluding the L-score (OR =
3.1, P < 0.05) were associated with CSE (Table 3). In the
logistic regression analysis, CSE showed a moderate cor-
relation with the RNS total score excluding the L-score
(AUC 0.848, cut-off 5, sensitivity 0.83, specificity 0.73)
(Fig. 1).

Discussion
Factors associated with difficulty in partial nephrec-
tomy are divided into tumor-related factors (tumor
size and position) and patient-related factors (BMI,
abdominal surgery history, etc.). The RNS is a score
of anatomical factors of the tumor and consists of
five components: <R>, <E>, <N>, <A>, and <L>. With
a total score of 4–6 points being low, 7–9 points
moderate, and 10–12 points high, it is considered that
the higher the score, the longer the operative time
and ischemic time of partial nephrectomy. The RNS
is widely used because it can be easily evaluated using
computed tomography or magnetic resonance imaging
[6]. In our institution, the RNS has been used to
evaluate preoperative difficulty, with a higher score
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considered to reflect a longer operative time and is-
chemic time, as in another report [7].
Zargar et al. analyzed a total of 1019 cases (452 RAPN

cases and 567 laparoscopic partial nephrectomy (LPN)
cases) for postoperative urine leakage. On a multivari-
able analysis, tumor proximity to the collecting system
significantly increased the occurrence of postoperative
urine leakage (OR = 9.2; P < 0.01) [5]. Mayer et al.
analyzed the factors associated with CSE in 67 pa-
tients who underwent LPN or RAPN. The RNS and
N-score were associated with CSE [6]. However, since
the operative outcomes differ between LPN and
RAPN, it is necessary to consider LPN and RAPN
separately when analyzing the factors influencing CSE.
Yoo et al. evaluated the impact of preoperative ur-
eteral catheter insertion on urinary leakage after par-
tial nephrectomy (PN). Ureteral catheter insertion was
reported not to reduce the risk of urinary leakage
after PN [7].
There have been reports concerning the prediction

of postoperative complications of PN using the
PADUA score and RNS [8, 9]. However, the factors

associated with CSE in RAPN have not been re-
ported. We evaluated the relationship between CSE
and RNS in 101 cases of RAPN in the present study
and found significant differences between the two
groups regarding the R-score, E-score, N-score, RNS
total score, and RNS total score excluding the L-
score. Furthermore, CSE showed a moderate correl-
ation with the RNS total score excluding the L-score
(AUC 0.848, cut-off 5, sensitivity 0.83, specificity
0.73).
When the cut-off value for the RNS total score ex-

cluding the L-score was set to 4, the specificity and
the sensitivity were 92% and 46%, respectively. CSE
is thus considered unlikely to occur when the cut-off

Table 1 Patients’ characteristics

CSE (n = 41) non-CSE (n = 60) P value

Age(yr) 70 68 n.s.

Gender

Male 12(29%) 44(73%)

Female 29(71%) 16(27%)

Height(cm) 162 164 n.s.

Weight(kg) 64 65.5 n.s.

BMI(kg/m2) 25 23.9 n.s.

Side n.s.

Left 18(44%) 25(42%)

Right 23(56%) 35(58%)

Charlson comorbidity index n.s.

0-1 28(68%) 42(70%)

>1 13(32%) 18(30%)

Tumor size(mm) 34 23 <0.05

Clinical T stage <0.05

T1a 25(61%) 55(92%)

T1b 16(39%) 5(8%)

Ureteral catheter placement 29(71%) 5(8%) <0.05

Operation time(min) 183 154 <0.05

Consol time(min) 130 98.5 <0.05

Ischemic time(mim) 23 12 <0.05

Postoperative urine leakage 5(12%) 0 <0.05

Discharge(day) 9 7 <0.05

Table 2 RNS and CSE

CSE (n = 41) non-CSE
(n = 60)

P value

<R>adius <0.05

≦ 4 cm (1 point) 28(68%) 57(95%)

> 4 to <7 cm (2 points) 13(32%) 3(5%)

<E>xophyic properties <0.05

≧ 50% (1 point) 14(34%) 37(62%)

< 50%(2 points) 17(41%) 21(35%)

Entirely (3 points) 10(25%) 2(3%)

<N>earness <0.05

≧ 7 mm (1 point) 6(15%) 41(68%)

> 4 to < 7 mm (2 points) 3(7%) 10(17%)

≦ 4 mm (3 points) 32(78%) 9(15%)

<L>ocation n.s.

Middle-kidney (1 point) 10(24%) 28(47%)

Crosses polar line (2 points) 15(37%) 14(23%)

Polar (3 points) 16(39%) 18(30%)

R.E.N.A.L score(median)

Total score 8 6 <0.05

Total score excluding L-score 6 4 <0.05

Table 3 RNS and CSE in multivariable analyses

OR 95%Cl P value

<R>adius 4.2 0.9-19.8 n.s.

<E>xophyic properties 1.6 0.7-3.6 n.s.

<N>earness 3.9 2.1-7.5 <0,05

<L>ocation 1 0.5-2 n.s.

R.E.N.A.L score(median)

RNS total score 0.9 0.5-1.8 n.s.

RNS total score excluding the L-score 3.1 1.4-7.2 <0.05
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value is ≤ 4 points. These findings suggest that a ur-
eteral catheter should not be placed in a patient with
the RNS total score (excluding the L-score) of ≤ 4.
Eliminating needless ureteral catheter indwelling re-
duces both the operative time and cost.
Several limitations associated with the present

study warrant mention. First, this was a retrospective
study. Second, the number of included patients was
small. Future studies involving a larger cohort will
be required. Finally, a small entry site may not have
been found because the ureteral catheter could not
be inserted in all cases. Even if there is no ureteral
catheter placement, it is possible to identify the
entry site (excluding micro entry sites) by improving
the visualization by robot surgery. We also consider
micro entry sites to not be clinically important. The
purpose of ureteral catheter placement is precise
closure rather than the identification of the entry
sites.

Conclusion
The RNS total score excluding the L-score was asso-
ciated with CSE in our study. A ureteral catheter
should not be placed in a patient with the RNS total
score (excluding the L-score) of ≤ 4.

Acknowledgements
We thank professional writing services Brian Quinn for his excellent help in
the preparation of the manuscript.

Authors’ contributions
KN designed the study, provided the collection of the data of the patients,
and wrote the manuscript; YS, NS, KF, KK, TN, TF, NM, YM, and TK provided
the collection of all the human material; TS involved in editing the
manuscript. This manuscript was read and the submission was approved
by all coauthors.

Funding
No funding.

Availability of data and materials
All data and materials are available within the manuscript.

Fig. 1 Receiver operating characteristics (ROC) curve: RNS total score excluding the L-score

Nishimura et al. World Journal of Surgical Oncology           (2021) 19:40 Page 4 of 5



Ethics approval and consent to participate
The study protocol was approved by Ehime University Hospital (No.
2001017).

Consent for publication
The patients included in the article provided consent for their data to be
used in this publication.

Competing interests
The authors declare no competing interests.

Received: 5 November 2020 Accepted: 25 January 2021

References
1. Ficarra V. Eur Urol. 2012;61:395–402.
2. Tamaszewski JJ. Eur Urol. 2014;66:949–55.
3. Bruner B. BJU Int. 2011;108:67–72.
4. Haber GP. Eur Urol. 2006;49:660–55.
5. Zargar H. Int Braz J Urol. 2014;40:763–71.
6. Kutikov A. J Urol. 2009;182:844–53.
7. Yoo S. Clin Genitourin Cancer. 2017;15:e707–12.
8. Ficarra V. Eur Urol. 2009;56:786–93.
9. Schiavina R. BJU int. 2017;119:456–63.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nishimura et al. World Journal of Surgical Oncology           (2021) 19:40 Page 5 of 5


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Patients and methods
	Surgical method

	Results
	Discussion
	Conclusion
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

