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5022 including studies comparing different surgical techniques.

Results A total of 51 studies met the inclusion criteria. Functional outcomes were evalutated in terms
of percentual change of estimated glomerular filtration rate (eGFR) and impaired renal function (IRF)
on scintigraphy. In cases with a mean age <60 years, the mean decrease in eGFR after NSS was 11.7%
and that of IRF 10.0%, whereas higher changes were found in cases with a mean age >60 years. For
open NSS, the mean eGFR and IRF changes were 15.3% and 21.1%, respectively; using the laparoscopic
approach, the mean percentual eGFR and IRF changes were 13.9% and 11.1%, respectively; in robotic
cases, the mean eGFR and IRF changes were 10.8% and 13.1%, respectively. In cases performed with
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INTRODUCTION vation of renal function (RF)] - is the goal of neph-
ron-sparing surgery (NSS) [2].

International urological guidelines recommend par- In the recent past, open partial nephrectomy (OPN)

tial nephrectomy (PN) as the gold standard for treat- was considered the most effective surgery ap-

ment of small renal masses [1]. proach, yet, due to the improvement of equipments

The ‘trifecta concept’ [(i.e., negative surgical mar- and operator skills, laparoscopic PN (LPN) has

gins, no major complications and maximum preser- been increasingly used with better peri-operative
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and post-operative morbidity and comparable
long-term oncological results for T'1 tumors [3].
However, LPN is a technically challenging proce-
dure, especially in those cases with high nephromet-
ric scores, which require longer warm ischemia time
(WIT) with risk of impaired post-operative RF [4, 5].
In these cases, robot-assisted PN (RAPN) can offer
advantages in solving the LPN ‘difficult points’, such
as tumor excision, hilum preparation and renorra-
phy, moreover with the possibility of selective isch-
emia, performed to maximize saving of healthy renal
parenchyma and residual RF [6].

According to the recent literature, RAPN is consid-
ered superior to LPN in terms of complications, WIT
— when performed — and RF preservation [7].

In this review, we aimed to compare the three cur-
rently available surgical options and some technical
variables to perform NSS, in terms of renal function
preservation.

MATERIAL AND METHODS

The aim of the present review was to critically ana-
lyze and compare results in the literature regarding
different approaches of NSS. In particular, we com-
pared OPN with LPN and RAPN in terms of renal
function preservation.

Search strategy

We searched in PubMed, Web of Science and Co-
chrane Library database (primary fields: partial ne-
phrectomy AND open partial nephrectomy AND ro-
bot-assisted partial nephrectomy AND laparoscopic
partial nephrectomy).

Our search was performed on 10 May 2021 without
language restriction between January 2000 and De-
cember 2020, following the PRISMA guidelines (Fig-
ure 1). Original and review articles were included
and critically evaluated. Additional studies were
identified from the references of included papers.
Meeting abstracts were excluded.

Selection of the studies and inclusion criteria

Collected data were gathered from clinical trials eval-
uating the surgical approach(es) for NSS concerning
tumor size, time and type of ischemia, and related
functional outcomes. Two authors (GDL; GDP) inde-
pendently screened the titles and abstracts of all ar-
ticles using the predefined inclusion criteria. The full-
text articles were examined independently by three
authors (GDL; MM; GDP) to determine whether or
not they met the inclusion criteria. Discrepencies were
solved by all investigators’ evaluation discussion.

Inclusion criteria were: (I) analysis on NSS for renal
cell carcinoma; (IT) open or laparoscopic or robot-as-
sisted procedures; (ITI) results expressed as surgical
data (tumor size, tumor score, surgical technique,
time of ischemia) and functional outcomes [change in
estimated glomerular filtration rate (eGFR), impaired
renal function (IRF) or scintigraphy outcomes].
Articles were excluded if: (I) multiple reports were
published on the same population; (II) data provided
were insufficient for the analysis; (III) comparison
of at least one surgical or functional outcome was not
reported.

RESULTS

Search results

The literature search yielded 261 articles. Of these,
104 were subsequently removed due to duplication.
Full text articles of 66 articles were then re-evaluated
and critically analyzed. Of these, 15 did not meet the
inclusion criteria and were excluded. The remaining 51
studies were included in this review (Figure 1). Table 1
shows the characteristics of the included studies [8-58].
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Figure 1. PRISMA flow diagram.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009).
Preferred Reporting Items for Systematic Reviews and Meta-Analyses:

The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.
pmed1000097

For more information, visit www.prisma-statement.org
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Table 1. Baseline characteristics of the included studies (n = 51), reporting functional outcomes after partial nephrectomy

Study, Study Number Age, Comorbidity scores Tumor size, Nephrometry Surgical
Authors, year design of cases years (ASA, CCl scores) cm score approach
Lane BR et al. SC 1169 Median (IQR): NR Median (IQR): NR OPN: 696
2008 [8] Retrosp 61 (52-69) 3.0(2.2-4.1) LNP: 473
Funahashi Y et al. SC 3 Mean (SD): NR Mean (SD): NR OPN: 20
2009 [9] Retrosp 58 (13) 2.7(0.8) LNP: 12
Song C et al. SC 117 Mean (range): NR Mean (SD): NR OPN: 52
2009 [10] Retrosp 52.5 (26-75) 2.8(0.8-11.0) LNP: 65
Median (range): Median (range): .
;g‘;g"f’ff]” RH etal. Re’;"rgs 458 Gl: 62 (19-93) NR Gl: 3.4 (0.7-18.0) NR OL',D\‘NP 1171
P 0OC: 63 (32-83) 0C: 2.5(0.9-8.5) ’
Shikanov S et al. Median (IQR): Median: .
2010 [12] Retrosp 401 60 (52-68) NR o5 NR LPN: 401
) Median (range): Median (range):
grgl'tlh[%]et al. Retsris 308 Gl: 62 (51-69) NR Gl: 2.8 (2.0-3.5) NR OPN: 308
P 0C: 62 (51-70) 0C: 3.0 (2.5-4.5)
Pouliot F et al. SC Mean (SD): ASA 1: 43; ASA 2: 35; Mean (SD): )
2011 [14] Retrosp 26 62 (11) ASA 3:22 3.2(1.6) NR LPN: 56
660 Median: Median (IQR):
5%2"; ?;{S?t al Re’;"rgs solitary Cl: 64 CCl 22: 95 Cl: 4.0 (2.9-5.4) NR OPN: 660
P kidney wi: 61 WI: 4.0 (2.8-5.2)
Simmons MN et al. SC 39 Median (range): CCl, Median (range): Median (range): NR OPN: 27
2011 [16] Retrosp 59 (18-80) 2 (1-3) 3.5(1.3-10.1) LPN: 11
Thompson RH et al. MC 503“?; Median (range): NR Median (range): NR OPN: 319
2012 [17] Retrosp kidne;/ 62 (19-93) 3.4(0.7-18.0) LNP: 43
Simmons MN et al. SC 301 Median (range): CCl, Median (range): Median (range): NR ?'\P‘,;‘ 118101
2012 [18] Retrosp 59 (18-86) 4(1-12) 3.2 (0.8-9.6) RAPN. 60
Porpiglia F et al. SC 4 Mean (SD): CCl, Mean (SD): Mean (SD): RENAL, LPN: 54
2012 [19] Prosp 57 (13.9) 0.9 (1.4) 3.6 (1.4) Mean (SD): 5.0 (1.4) :
Sankin A et al. SC 32 Median (IQR): NR Median (IQR): NR LNP
2012 [20] Retrosp 58 (55-69) 3.0 (2-4) RAPN
44 Mean (SD): ) ) Mean (SD): RENAL, Median (IQR):
yglczK[gtl]a" Prsocs SI+MD: 22 SI+MD: 56 (7.9) AslAé '\g'f;éa;_(g”ﬁe)' SI+MD: 4.6 (2.6) SI+MD: 8 (4-11) RL/L\‘PP,\I
P SI-MD: 22 SI-MD: 57 (13.2) ' ’ ’ SI-MD: 2.3 (1.0) SI-MD: 6 (4-9)
Gill IS et al. sC . Median (range): /EASTZT(E?) Median (range): RENAL, Mean (SD): LNP: 43
2012 [22] Prosp 59 (18-86) CCl- 0.6 (0] 3.2(0.9-13.0) 7.0(1.9) RAPN: 15
Shao P et al. SC Median (range): Median (range): )
2012 [23] Retrosp 125 58 (12-81) NR 3.4 (1.4-7.0) NR LPN: 125
Papalia R et al. SC 121 Mean (SD): NR Mean (SD): NR LNP: 70
2012 [24] Prosp 59 (14.2) 39(1.9) RAPN: 51
Mir MC et al. SC 9 Median (IQR): CCl, Median (IQR): Median (IQR): RENAL, Median (IQR): ?EE
2013 [25] Retrosp 61 (55-70) 4 (2-6) 3.5(2.3-4.8) 8.0 (5.5-9.0) RAPN
Hillyer SP et al. MC solzitear Median (IQR): “:gg_'g”(gg{)) Median (IOR):  RENAL Median (IQR): oo -
2013 [26] Retrosp kidne\‘/’ 66 (60-71) el 4 (3.4) 4.3 (2.9-5.0) 6.0 (5.0-7.0) :
) ) ASA 1-2: . )
Panumatrassamee K et al. sc Median (IQR): LPN: 14; RAPN: 6 Median (IQR): LPN: 52
2013 [27] Retrosp 67 LPN: 61 (50-72) ASA 3—4- LPN: 2.8 (2.2-4.3) NR RAPN: 15
RAPN: 63 (59-69) LPN: 35; RAPN: 9 RAPN: 3.2 (2.5-5.3)
Gupta GN et al. SC Median (range): Median (range): RENAL, Median: )
2013 [28] Retrosp = 47 (26-76) NR 5.0 (4.1-15) 9.0 RAPN: 19
Mean (SD): ) RENAL, Mean (SD):
ggcér?;;e]k BF etal. Re’l"rgs 332 Gl: 60.4 (1.5) NR Mzegn(z(sﬁ)' Gl:5.6(0.2) RAPN: 332
P 0C: 60.2 (0.5) e 0C:5.3(0.2)
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Table 1. Continue

Study, Study Number Age, Comorbidity scores Tumor size, Nephrometry Surgical
Authors, year design of cases years (ASA, CClI scores) cm score approach
Shao P et al. SC 22 Median (IQR): NR Median (range): RENAL, Mean (SD): LPN: 82
2013 [30] Retrosp 58 (11-21) 3.0 (1.4-7.0) 6.7 (1.8) ’
HungJ et al. SC LPN
2013 [31] Retrosp >34 NR NR NR NR RAPN
Mean (SD): Mean (SD): RENAL, Mean (SD): .
égrlgﬂ;zft al. Re,;/lrgs 125 OPN: 61.5 (11.4) NR OPN: 3.7 (2.0) OPN: 7.0 (3.0) fSAPP'L'_iSO
P RAPN: 61.3 (10.7) RAPN: 2.8 (2.7) RAPN: 6.0 (2.0) :
Autorino R et al. SC Mean (SD): Mean (SD): RENAL, Mean (SD): .
2014 [33] Retrosp s 56.0 (1.4) NR 2.6 (1.0) 8.7 (1.4) RAPN: €5
Volpe A et al. SC Median (IQR): Median (IQR): )
2014 [34] Retrosp a4 65 (60-73) NR 4.2 (2.3-5.4) all PADUA 210 RAPN: 44
Kaouk JH et al. SC 11 Median (range): NR Median (range): RENAL, Median (range): RAPN: 11
2014 [35] Retrosp 55 (39-75) 4.0(2.3-7.1) 9.0 (5-11)
Mean (SD):
Mean (SD): RENAL, Mean (SD):
;g‘{f?;g Betal Re’:’r'gsp 430 Gf%g ée(.g)g) NR Gl:3.2 (1.0) Gl:6.1(0.4) RAPN: 430
GI+EUC: 59.5 (0.8) GI+EUC: 3.5 (1.0) GI+EUC: 6.9 (0.4)
) 84 Mean (SD): Mean (SD): RENAL, Mean (SD):
gﬂoﬁ'g%kTR etal. Retsris Gl 42 Gl: 59.4 (12.6) NR Gl: 2.9 (1.6) Gl: 7.4 (1.9) RAPN: 84
P Sl: 42 S1:59.0 (12.2) SI: 2.8 (1.5) SI:6.7 (1.9)
) 122 Median (range): Median (range): RENAL, Median (range):
ggij' ['\3"8'\]/' etal. Retsrf)s Gl: 63 Gl: 63 (34-86) NR Gl: 2.6 (1.0-6.2) Gl:7.0(4.0-10.0)  RAPN: 122
P SI: 59 SI: 62 (17-88) SI: 3.4 (1.0-9.0) SI: 8.0 (4.0-11.0)
- Mean (SD): Mean (SD): PADUA, Mean (SD):
;8;‘;‘%2{ etal. Retsrf)s 87 Gl:57.5 (12.3) NR Gl:3.4(1.1) Gl 6.9(1.2) LPN: 87
P 0C: 60.6 (12.8) 0C: 3.6 (1.4) 0C: 7.0 (1.5)
Zargar H et al. SC Mean (SD): Median (IQR): RENAL, Median (IQR): )
2015 [40] Retrosp & 61.0(12.9) NR 3.2 (2.0-4.5) 8.0 (6.0-9.0) RAPN: 99
Mean (range): Mean (SD):
;%qask[aﬁft al. Retsr(;s 39 RENAL <6: 56 (35-78) NR RENAL <6: 29.5 (10.9) NR RAPN: 39
P RENAL >7: 65 (39-84) RENAL >7: 27.9 (8.9)
Maddox M et al. SC Median (IQR): Median (IQR): RENAL, Median (range): )
2015 [42] Retrosp 46 55 (51-68) NR 5.0(4.1-5.2) 7.1(5.0-11.0) RAPN: 46
) 117 Mean (SD): Mean (SD): RENAL, Mean (SD):
28'1”;[15; al. Retsr(;s Gl: 97 Gl:51.2 (12.8) NR Gl: 3.6 (1.7) Gl: 7.7 (2.0) RAPN: 117
P SI: 20 SI:51.0 (15.1) SI:3.4(1.4) SI: 7.3(2.0)
179 Median (range): Median (range): Median (range):
Satkunasivam R et al. SC SI-LC: 70 SI-LC: 59 (36-88) NR SI-LC: 3.0 (0.9-13.6) SI-LC: 7.0 (4.0-11.0) RAPN: 179
2015 [44] Retrosp SI: 60 SI: 62 (34-88) SI:3.4(1.3-7.9) SI: 8.0 (4.0-11.0) ’
0C: 49 0C: 62 (17-79) 0C: 3.4 (1.5-14.0) 0C: 9.0 (4.0-11.0)
Zargar H et al. MC 351 Mean (SD): NR Median (IQR): RENAL, Median (IQR): LPN: 135
2016 [45] Retrosp 59.4 (12.1) 3.2 (2.4-4.3) 7.0 (5.0-8.0) RAPN: 216
Maurice MJ et al. SC 330 Median (IQR): NR Median (IQR): RENAL, Median (IQR): LPN: 284
2016 [46] Retrosp 60.5 (52.0-68.3) 3.2(2.3-4.3) 7.0 (6.0-9.0) RAPN: 596
Luciani LG et al. SC Median (range): Median (range): )
2016 [47] Retrosp 32 67 (37-79) NR 4.0 (1.8-7.0) NR RAPN: 32
Mean (SD): Mean (SD): RENAL, Mean (SD): .
g\éal%g[zse]t al. Retsris 216 LPN: 63.5 (14.8) NR LPN: 3.6 (1.7) LPN: 8.1 (1.1) ;ZENLZ?
P RAPN: 61.2 (12.6) RAPN: 3.8 (2.2) RAPN: 8.3 (0.9) :
Mean (SD): Median (IQR): RENAL, Median (IQR): .
égfga[i‘;]Hs etal. Retsris 104 LPN: 62.9 (13.2) NR LPN: 5.7 (4.7-6.7) LPN: 9.0 (9.0-10.0) Rl_AF)IL\IN-SSZZ
P RAPN: 60.8 (11.1) RAPN: 5.1 (4.4-6.2) RAPN: 9.0 (9.0-10.0) :
PADUA
Novara G et al sc Median (IQR): Ch’\zjlgzci);nc(.l(llns)ex Median (IQR): cystic: low 13,
2016 [50] ’ Retros 465 cystic: 62 (54.7-71.2) cystic: 2 (0-3) cystic: 3.4 (2.1-5.0) interm 28, high 13 RAPN: 465
P solid: 58 (49-66) S‘g”d_‘l 03) solid: 3.2 (2.3-4.0) solid: low 201,

interm 118, high 92
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Study, Study Number Age, Comorbidity scores Tumor size, Nephrometry Surgical
Authors, year design of cases years (ASA, CCl scores) cm score approach
RENAL
) Mean (SD): Mean (SD): OPN: low 21, interm 97, .
;%ﬁag'[gﬁt al RetSrSJs 279 OPN: 58.0 (13.0) NR OPN: 4.2 (+1.5) high 61 F&PP'T\"_%%
P RAPN: 57.0(13.0) RAPN: 2.8 (+0.9) RAPN: low 40, interm 54, ’
high 6
Ramirez D et al. SC Mean (range): Mean (range): RENAL, Median (range) )
2016 [52] Retrosp 28 58.3 (31-76) NR 4.6 (3.0-8.0) 9.0 (6.0-11.0) RAPN: 28
Paulucci D et al MC 665 Median (IQR): Median (IQR): RENAL, Median (IQR)
2016 [53] ’ Retros Gl: 589 Gl: 58.0 (49.0-66.0) NR Gl:3.1(2.3-4.1) Gl: 7.0 (5.0-9.0) RAPN: 665
P SI: 76 SI: 58.0 (47.3-65.8) SI: 2.5 (2.0-3.5) SI: 7.0 (6.0-8.0)
Tsai SH et al sc Median (IQR): ASA 1:>4 10; <47 Median (IQR): RENAL, Median (IQR):
2017 (54] Retros 103 <4cm: 60 (42-67)  ASA2:>425;<441 <4cm:8.0(6.0-8.0)  <4cm:9.0(8.0-10.0) RAPN: 103
P >4 cm: 52 (45-63) ASA 3:>410; <410 >4.cm:9.0(8.0-10.0) >4 cm: 8.0 (6.0-8.0)
Mean CCl, Median: Median (IQR) RENAL, Mean: RAPN: 122
Chang DK et al. SC 366 RAPN: 53.2 RAPN: 3.6 RAPN: 2.8 (2.2-4.8) RAPN: 2.8 LPN"122
2018 [55] Retrosp LPN:53.5 LPN: 3.6 LPN: 2.7 (1.9-4.3) LPN: 2.7 OPN-' 122
OPN: 53.8 OPN: 3.6 OPN: 2.5 (2-4.5) OPN: 2.5 '
Mean (SD) Mean (SD) RENAL, Mean (SD) OPN: 588
Tachibana H et al. sC 1762 OPN: 58.0 (+13.0) NR OPN: 3.7 (+1.5) OPN: 8.2 (1.8) RAPN: 959
2019 [56] Retrosp RAPN: 57.0 (+13.0) RAPN: 3.0 (£1.3) RAPN: 7.3 (1.9) LPN"215
LPN: 57.0 (+12.0) LPN: 2.1 (0.8) LPN: 6.1 (1.5) :
Mean ASA1=2: RAPN 59; Median(IQR) RENAL, Median:
GulLetal. sC , LPN 50 : _ RAPN: 61
2020 [57] Retrosp 112 RAPN: 48.2 ASA 3—4: RAPN 2: RAPN: 2.3(2.1-2.8) RAPN: 9.0 LPN: 51
LPN:47.3 LPN 1 ! LPN: 2.5(1.8-3.0) LPN: 8.0 ’
CCl <2: LPN 3; RENAL, Median (IQR)
RAPN 6 ) ) LPN: 7 (6-8)
Warnschimmel C Prosp 115 mezz”g(?% 5) CCI 3: LPN 10; LP%??';TZ('SFX'G) RAPN: 7 (5-7) LPN: 54
et al. 2020 [58] Randomized RAPN‘ 62' 7 (li 1) RAPN 10 RAPN' 4 0 (2' 4_5; 0) PADUA, Median (IQR) RAPN: 61
T ’ CCl >4: LPN 41; o ’ ' LPN: 8 (7-8)
RAPN 45 RAPN: 8 (7-9)

ASA — American Society of Anesthesiology; CCl — Charlson Comorbidity Index; IQR — interquartile range; SD — standard deviation; NR — not reported; SC — single-centre;
MC — multi-centre; Prosp — Prospective; Retrosp — Retrospective; Gl — global ischemia; OC — off-clamp; SI — Selective ischemia; Wl — warm ischemia; Cl — cold ischemia;

SE — simple enucleation; ER — enucleoresection; wedge resection (ie, traditional PN); OPN — open partial nephrectomy; LPN — laparoscopic partial nephrectomy;
RAPN — robot-assisted partial nephrectomy; MD — vascular microdissection; EUC — early unclamping

Quality of studies

Of the 51 studies entered into the review, 8 were car-
ried out in Europe, 29 in America, 13 in Asia and
1 in Oceania.

Forty-three of 51 were single centre studies, 46 were
retrospective mono or multicentre, and 5 were pro-
spective monocentre; 1 study was randomized [58]
(Table 1). Each study reported one or more surgical
technique for NSS, comparing them in terms of sur-
gical results and functional outcomes.

Study sample size, mean age and baseline
comorbidities

Among the 51 included studies, the whole sample
size varied from 11 to 1762 cases (total sample: 12299
cases). The range of mean age across the studies var-
ied from 47.0 to 67.0 years. Comorbidity scores used
were Charlson Comorbidity Index (CCI) and Ameri-

can Society of Anesthesiology (ASA) score. Thirty-
five studies did not consider comorbidity scores.
Across the studies, ASA score varied from 1 to 4, and
CCI from 1 to 5. No patients were excluded for co-
morbidity scores (Table 1).

All studies utilized as inclusion criteria small renal
mass or at least one or more renal mass not requir-
ing radical nephrectomy. Few studies also included
patients with solitary kidney [15, 17, 26].

Tumor size and nephrometry score

All 51 studies included tumor size in baseline data.
Mean tumor size ranged from 2.3 to 5.7 cm. Thirty-
three studies used at least one nephrometry score
to assess for tumor complexity. In particular, 30
studies used the RENAL score, distinguishing or
not between the types of ischemia [19, 21, 22, 25, 26,
28, 29, 30, 32, 33, 35-38, 40, 42-46, 48, 49, 51-58].
Across the studies, RENAL score ranged from 5 to 9,
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with a mean value of 7.3. Four studies used the Pad-
ua score, which ranged from 6 to >10 (Table 1) [34, 39,
50, 58].

Surgical and ischemia technique

OPN was employed in 15 studies, including a total
of 3940 cases [8-11, 13, 15-18, 25, 32, 46, 51, 55, 56],
whereas LPN was applied in 27 studies, with a total
of 2812 cases [9-12, 14, 16-25, 27, 30, 31, 39, 45, 48,
49, 55-58]. RAPN was analysed in 37 studies, com-
prising a total of 5661 cases (Table 2) [18, 20, 21, 22,
24-29, 31-38, 40-58]. All the studies reported enu-
cleoresection as the excision technique for PN (Fig-
ure 2A).

With regards to the ischemia technique, 32 studies
used main renal artery clamping [8-10, 12, 14-17, 19,
20, 25-28, 32-36, 40, 41, 42,46-49, 51, 52, 54, 56, 57,
58], 5 studies selective ischemia [21-24, 30], 5 stud-
ies used both main renal artery and selective isch-
emia [37, 38, 43, 45, 53], 8 studies compared global
ischemia and the off- clamp technique [11, 13, 18, 29,
31, 39, 50, 55], and 1 study selective ischemia and
the off-clamp technique [44]. Across the included tri-
als, 42 studies used warm ischemia during the enu-
cleoresection [8-15, 17, 19-24, 26-34, 36-45, 47-50,
53, 54, 55, 58], while 2 trials utilised cold ischemia
with iceball [35,52]; 8 studies used both the cold and
warm ischemia [15, 16, 18, 25, 46, 51, 56, 57] (Fig-
ure 2B). Across all the studies, mean ischemia time
ranged from 13.9 to 45.0 minutes. Considering only
the studies with main renal artery clamping, mean
ischemia time was 23.7 minutes, whereas in trials
with selective ischemia, mean ischemia time was
shorter (18.6 minutes); moreover, in the trials using
cold ischemia, mean ischemia time was 34.4 min-
utes, whereas in those with warm ischemia, mean
time was 22.3 minutes.

Post-operative functional assessment

Follow-up varied across the included studies from
1 to 64 months, with a mean value of 11.4 months.
Functional outcomes were evalutated in terms
of percentual change of estimated eGFR and per-
centual change of IRF using renal scintigraphy. Per-
centual eGFR variation was estimated in 49 studies,
at a mean of 11.6 months of follow-up; values ranged
from 0.7% to 37.1%, with a mean value of 12.5%.
Fourteen studies reported percentual change of IRF
on renal MAG- 3 scintigraphy [9, 14, 19, 20, 22, 24,
39, 40, 41, 45, 47, 52, 54, 58]. At a mean follow-up
of 7.9 months, IRF changes varied from 1.9% to 28%,
with a mean IRF decrease of 13.3%.

Post-operative functional results: influence of age
and tumor size

Stratifying our population derived from the 51 stud-
ies on the basis of a mean age <60 (5471 cases) or >60
(6828 cases) years, some differences were observed.
In cases with a mean age <60 years, the decrease
in eGFR after surgery ranged from 0.7% to 37.1%,
with a mean value of 11.7%, and that of IRF from
2.2% to 22.0%, with a mean value of 10.0%.

In cases with a mean age of >60 years, the decrease
in eGFR ranged from 1.3% to 27.8%, with a mean
value of 13.5%, and that of IRF change from 10.5% to
28.0% with a mean value of 18.7% (Figure 3A).
Stratifying the population according to the mean
tumor size, in studies with <4 cm (11395 cases),
the decrease of eGFR ranged from 0.7% to 37.1%
(with a mean value of 12.4%) and the IRF change
from 2.2% to 28.0% (with mean value of 12.7%).
In studies with a mean tumor size >4 cm (904
cases), the decrease of eGFR ranged from 2.4%
to 31.5%, with a mean value of 18.3%, and IRF
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Figure 2. Surgical approach (open, laparoscopic or robot-assisted) (A) and ischemia technique (global, selective, warm or cold
ischemia) (B) used in the whole population of the 51 included studies.
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Table 2. Operative data and follow-up data of the included studies (n = 51), reporting functional outcomes after partial nephrectomy

Sursical Change Length
Study, & Ischemia  Ischemia Ischemia time, Excision . in IRF on of follow-up,
approach, . . . Change in eGFR, % L
Authors, year o technique type minutes technique scintigraphy, months
n° of cases )
% (median)
Lane BR et al. OPN: 696 Median (IQR):
2008 [8] LNP: 473 Gl wi 25 (18-33) ER 88 NR 18
Funahashi Y et al. OPN: 20 Mean (SD): Mean: )
2009 [9] LNP: 12 Gl wi 24.4 (6.8) ER 3.0 Mean:-21.1 6
Mean:
Song C et al. OPN: 52 Mean (range):
. Gl Wi ER OPN:-33.2 NR 6.5
2009 [10] LNP: 65 33.5(13-75) LNP--29.9
Median:
Thompson RHetal.  OPN: 411 Gl: 362 Wi Mean: ER Gl-26.3 NR Gl: 18
2010 [11] LNP: 47 0OC: 96 32 L 0OC: 48
0C:-1.3
Shikanov S et al. ) Median (IQR): Median (IQR):
2010 [12) LPN: 401 ¢l wi 29 (22-34) ER -11(-2-0) NR 12
. ) Median (range):
Smith GL et al. ) Gl: 116 Median (range): .
2011 [13] OPN: 308 oc: 192 Wi 23 (15-29) ER Gl:-12.3 NR 12
0C:-9.8
Pouliot F et al. . Mean (SD): Mean: Mean:
2011 [14] LPN: 56 Gl wi 30(9) ER -19.2 -14.0 3
. Median (IQR): Median:
5‘32‘1 E[‘Et al. OPN: 660 Gl \%/”-33%% Cl: 45 (35-60) ER C1:-21.0 NR 3
’ WI: 22 (17-29) WI:-22.0
Simmons MN et al. OPN: 27 Gl Cl: 18 g?glsag E;%n—geel)) ER Median: NR 12
2011 [16] LPN: 11 WI: 17 WI: 24.5 (16-60) -13.4
Thompson RH et al. OPN: 319 Median (range): Median:
2012 [17] LNP: 43 Gl wi 21 (4-55) ER -20.0 NR 1
simmons MN etal.  OPN-141 1585 cl: 57 Median (range): Median:
2012 [18] LNP: 100 oC: 19 Wi 223 Cl: 40 (25-77) ER 90 NR 1.4
RAPN: 60 ’ ’ WI: 21 (17-60) ’
Porpiglia F et al. ) Mean (SD): Mean: Mean:
2012 [19] LPN: 54 Gl wi 27.9(11.1) ER -1.1 -4.8 48
Sankin A et al. LNP Median (IQR): Mean: Mean:
2012 [20] RAPN 6l Wi 27 (19-36) ER 4.0 -6.0 200 days
) Median (range):
g'glczK[;’tlf" RLANPPN SS':,'\\A/'B,' 2222 - 0 ER SI+MD:-10.2 (-57.0-23.9) NR 2
' SI-MD:-11.2 (-48.3-21.0)
Gill IS et al. LNP: 43 Mean: Mean:
2012 [22] RAPN: 15 Sl B 0 ER -11.4 -4.0 6
Shao P et al. . Median (range): Mean:
2012 [23] LPN: 125 Sl Wi 24 (12-40) ER 351 NR 18
. Mean: Mean:
Papalia R et al. LNP: 70
. S| - 0 ER <4.cm:-1.8 <4 cm:-1.9 3
2012 [24] RAPN: 51 >4 cm:-0.7 >4 cm:-2.5
Mir MC et al OPN W Median (IQR): Median:
’ LNP Gl ' ER ' NR 4-12
2013 [25] RAPN Cl 24 (17-29) -21.0
Hillyer SP et al. ) Median (IQR): Median:
2013 [26] RAPN: 26 Gl WI 17 (12-28) ER 158 NR 6
Panumatrassamee K LPN: 52 l\/Ie.dlan (19R): I\/Ie'dlan: LPN: 15.6
etal. 2013 [27] RAPN: 15 Gl Wi LPN: 19 (15-34) ER LPN:-20.0 NR RAPN: 5.9
’ ’ RAPN: 15 (0-24) RAPN:-23.0 T
Gupta GN et al. . Median (range): Median:
2013 [28] RAPN: 19 Gl wi 36 (17-61) ER e NR 12
Mean (SD):
Kaczmarek BF et al. ) Gl: 283 Mean (SD): N
2013 [29] RAPN:332 0070 wi Gl 185 (0.4) ER Gl:-6.2 (1.3) NR 3

0C:-1.6. (2.7)
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Table 2. Continue

Sursical Change Length
Study, g Ischemia Ischemia Ischemia time, Excision . in IRF on of follow-up,
approach, . X R Change in eGFR, % A
Authors, year o technique type minutes technique scintigraphy, months
n° of cases .
% (median)
Shao P et al. . Mean (SD): Mean (SD):
2013 [30] LPN: 82 s wi 24.0(6.3) ER 37.1(16.1) NR 20
<10% eGFR (n°pt. groups)
HungJ et al LPN 1.64
2013 [31] RAPN (€] WI NR ER 2.95 NR NR
3.64
4.56
Zargar H et al. OPN: 85 Median (IQR): Median: OPN: 14
2014 [32] RAPN: 40 Gl WI OPN: 23 (19) ER OPN:-26.0 NR RAPN: 7.8
’ RAPN: 15 (9) RAPN: 2-19.7 o
Autorino R et al. ) Mean (SD): Mean (SD):
2014 [33] RAPN: 65 Gl wi 21.7(9.3) ER 9.4 (17.4) NR 126
Volpe A et al. ) Median (IQR): Mean:
2014 [34] RAPN: 44 Gl wi 16.0 (13.8-18.0) ER -25.2 NR 6
Kaouk JH et al. . Median (range): Median:
2014 [35] RAPN: 11 Gl Cl 27.1 (18-49) ER 190 NR 12 days
. Mean (SD): Mean: )
SS‘{TF;S Betal  Rapn: 430 GlelLJ?:ngz wi Gl: 22.3(0.5) ER Gl:-5.5 NR GlfllE‘U1(36"76 .
’ GI+EUC: 16.7 (0.5) GI+EUC:-10.6 o
’ . Mean (SD): Mean:
;/l()cﬁgg}ck TRetal. prpN: g4 SI'_' 222 wi Gl:22.9 (8.8) ER Gl-14.6 NR 3
: SI: 20.4 (7.0) SI:-3.1
) ) Median (range): Median: )
ggii' ['\3/'8'\]/' etal. RAPN: 122 gl'j 593 wi Gl: 19 (9-37) ER Gl:-17.0 NR gl'_'j
’ SI: 0 SI:-11.0 ’
L ) Mean (SD): Mean: Mean:
;g;‘;’g[gagf etal. LPN: 87 cG)é-ZZ; wi Gl: 18.0 (5.8) ER Gl:-1.7 Gl:-5.0 3
’ oC: - 0C:-0.7 0C:-6.0
Zargar H et al. . Median (IQR): Median: Median:
2015 [40] RAPN: 99 Gl wi 20.0 (16-25) ER -16.2 -28.0 6
Mean (SD):
Mean (SD): Mean (SD): RENAL <6: .
;%”laska'i]et al. RAPN: 39 Gl wi RENAL <6: 19.9 (6.8) ER RENAL <6:-9.1 (11.1) -7.0(20.2) e?RFEjgz
RENAL >7: 23.9 (8.3) RENAL >7:-7.2 (10.8) RENAL >7: ’
-14.1(22.7)
Maddox M et al. ) Median (IQR): Mean (SD):
2015 [42] RAPN: 46 Gl wi 20.5 (17-25) ER -2.4(21.1) NR 24.3
) ) Mean (SD): Mean (SD):
;g'lnsT[Z;]t al. RAPN: 117 (;'j % wi Gl: 27.4 (9.9) ER Gl:-10.4 (14.9) NR 3
’ Sl — SI:-0.0 (15.8)
Median (range):
. SI-LC: 70
Satkunasivam R et al. ) ) B SI-LC:-7.6 (-72-53)
2015 [44] RAPN: 179 C§|C6409 wi ER SI:-0.0 (-74-74) NR !
: 0C:-3.0 (-55-127)
Zargar H et al. LPN: 135 Gl: 300 Wi G'}/,";g'f)”((l'g_g)g) R Median (IQR): Med_'ig gQR): .
2016 [45] RAPN: 216 SI: 51 S -2.8(7.7-5.4) (22.9-5.4)
Maurice MJ et al. OPN: 284 Gl Cl: 225 Median (IQR): ER Median (IQR): NR 18.0
2016 [46] RAPN: 596 WI: 655 60.5 (52.0-68.3) -14.1 (24.2-2.8) ’
Luciani LG et al. ) Median (range): Mean:
2016 [47] RAPN: 32 Gl WI 24 (8-37) ER NR 224 1
) Mean (SD): Mean (SD): )
\Z"Z)alneg[zg]t al. ;E\ENLZ‘? Gl wi LPN: 22.3 (8.4) ER LPN:-10.0 (9.2) NR RL:F"\IN-136154
: RAPN: 20.5 (7.6) RAPN:-8.7 (7.6) i
Median (IQR): Median (IQR):
Andrade HS et al. LPN: 52 ) . -
2016 [49)] RAPN: 52 Gl WI LPN: ER LPN:-31.5 (-40.3-23.6) NR 21

RAPN: 27.5 (21.0-34.0)

RAPN:-24.2 (-36.1-6.3)
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Surgical Change Length
Study, & Ischemia Ischemia Ischemia time, Excision . in IRF on of follow-up,
approach, X . ) Change in eGFR, % o
Authors, year o technique type minutes technique scintigraphy, months
n° of cases .
% (median)
Median: Median (IQR): .
yg;’g%g] etal. RAPN: 465 Gl wi cystic: 18 ER cystic:-3.0 (1-6) NR C;’Zﬂ; 160
solid: 17 solid:-3.0 (6-7) ’
. ) ) Mean (SD): Mean (SD):
;%';af'[;e]t al. Ramj 112% Gl R(/im'_ i:/\lu OPN: 43.0 (18.0) ER OPN:-8.0 (14.0) NR 4-6
: : RAPN: 18.0 (6.4) RAPN:-5.0 (10.0)
Ramirez D et al. . Mean (range): Median (range): Median (range):
2016 [52] RAPN: 28 ¢l “ 32.0(18-56) ER -9.0 (6-38) -22.0 (0-40) 6
) ) Median (IQR): Median (IQR): )
zg‘ig‘%’g?] etal. RAPN: 665 G;SII"578(59 wi Gl: 15.6 (12.0-20.0) ER Gl:-12.3 (-24.5-1.1) NR Ggl}g
: SI: 13.9 (10.9-18.0) S1:-10.4 (-21.1-1.7) :
Median
) ) (IQR):
) Median (IQR): Median (IQR): N .
;50"”1'75'[45?] al: RAPN: 103 Gl wi <4 cm: 21 (15-28) ER <4 cm:-6.7 (15.6-3.7) 3(42;”;'_;(;)5 S
>4 cm: 32 (25-41) >4 cm:-10.8 (21.1-0) o :
>4 cm: 12.5
(21.4-1.4)
) Median Median .
Chang DK et al. RAPN: 122 Gl RAPN: 22 RAPN:-6 RAPN: 60
LPN: 122 WI ER NR LPN: 60
2018 [55] OPN: 122 Unclamp LPN:24.3 LPN:-18 OPN-: 64
’ OPN:27.1 OPN:-8 ’
) Mean (SD) Mean:
Tachibana H et al. ISAPP,\II\IE;)SSZ Gl V\IQA“F;;,;" OPN: 42.0 (£20) ER OPN:-19.3 NR 6
2020 [56] LPN: 215 C1 (OPN) RAPN: 20.0 (9) RAPN:-9.4
: LPN: 30.0 (+16) LPN:-13.1
i 1 0, .
Guletal. RAPN: 61 wi Median Median % (IQR): RAPN: 27.3
2020 [57] LPN: 51 Gl al RAPN: 20.0 ER RAPN:-9.8 (2.1-19.6) NR LPN: 39.2
’ LPN: 20.0 LPN:-10.6 (5.4-17.0) T
Median
) ) (IQR):
Wirnschimmel C LPN: 54 Mean (D) Median (IQR): LPN:-18.0
et al. 2020 [58] RAPN. 61 Gl wi LPN: 21.1 (6.1) ER LPN:-14.0 (7-23.5) (26-11) 6
RAPN: 19.6 (7.7) RAPN:-16.0 (4.5-20.0) RAPN:-20.0
(-33-12.0)

IQR — interquartile range; SD — standard deviation; NR — not reported; Gl — global ischemia; OC — off-clamp; SI — Selective ischemia; WI —warm ischemia; Cl — cold
ischemia; ER — enucleoresection; OPN — open partial nephrectomy; LPN — laparoscopic partial nephrectomy; RAPN — robot-assisted partial nephrectomy; MD — vascular

microdissection; EUC — early unclamping

change ranged from 10.5 to 22.0 with mean of 15.0%
(Figure 3B).

Post-operative functional results:
influence of surgical and excision technique

All studies utilized enucleoresection as the excision
technique.

In cases submitted to OPN, the decrease of eGFR
ranged from 3.0% to 33.2%, with a mean value of
15.3%. Only 1 study using open surgical technique
reported the IRF change, with a value of 21.1%.

In cases submitted to LPN, the decrease of eGFR per-
centual change ranged from 1.1% to 37.1%, with a mean
value of 13.9%, whereas the percentual IRF change
ranged from 2.2% to 21.1%, with a mean value of 11.1%.

In RAPN, the decrease of eGFR ranged from 1.1%
to 25.2%, with a mean value of 10.8%, and the IRF
change from 2.2% to 22.4%, with a mean value
of 13.1% (Figure 3C).

Post-operative functional results: influence of
ischemia technique, type and time

In cases submitted to global ischemia during enu-
cleoresection (9834 cases), the decrease of eGFR
ranged from 1.1% to 27.8% (with a mean value of
12.7%), whereas IRF change ranged from 4.8% to
28.0% (with a mean value of 15.1%).

In cases with selective ischemia techniques (1161
cases), the decrease of eGFR ranged from 1.1% to
37.1% (with a mean value of 12.8%), and the IRF
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Figure 3. eGFR and IRF percentual change stratified by patient’s age (260 or <60 years) (A), tumor size (<4 or >4 cm) (B), and
surgical approach (open, laparoscopic or robot-assisted) (C) in the whole population of the 51 included studies.

eGFR — estimated glomerular filtration rate; IRF — impaired renal function

change from 2.2% to 13.7% (with a mean value of
6.6%).

In patients submitted to cold ischemia (1466 cas-
es), the decrease in eGFR change ranged from 8.0%
to 21.5%, with a mean value of 14.4%, whereas mean
IRF percentual change was 22.2% (only one study re-
ported the IRF percentual change). In patients sub-
mitted to warm ischemia (10348 cases), the decrease of
eGFR ranged from 1.1% to 37.1% (with a mean value
of 12.5%), and the IRF percentual change from 4.8%
to 28.0% (with a mean value of 13.4%) (Figure 4A).
Stratifying the population on the basis of an ischemia
time < 20 or >20 minutes, in cases with mean isch-
emia time < 20 minutes (3095 cases), the decrease of
eGFR ranged from 1.2% to 25.2% (with a mean value
of 11.0%), whereas IRF change ranged from 5.5% to
13.7% (with a mean value of 15.7%).

In patients with mean ischemia time >20 mins
(8719 cases), the decrease of eGFR ranged from
1.1% to 37.1% (with a mean value of 13.5%), and the
IRF change from 2.2% to 22.0% (with a mean value
of 11.5%) (Figure 4B).

In cases submitted to off-clamp technique (448 cas-
es), the decrease of eGFR ranged from 0.7% to 9.8%,

with a mean value of 4.2%, while the IRF was report-
ed in only one study (43 cases), with a value of 6%.

Multivariable analysis of variables influencing
post-operative renal function results

A total of 17 studies performed a multivariable analy-
sis to show which pre-operative or surgical technique
variable significantly predicted the post-operative re-
nal function outcome [8, 10, 11, 12, 14, 17, 18, 19, 25,
32, 39, 40, 47, 49, 52, 56, 57]. With regards to pre-
operative data, 7 studies reported as a significant pre-
dictor of functional change the tumor size [8, 12, 25,
40, 47, 56, 57]. According to those studies, a smaller
tumor size was associated with higher preservation
of eGFR, with an effect of -27 (95%CI -38.3-5.0;
p 0.04) in the study by Mir et al. [25], and of -0.66
(95%CI -1.32, 0.0077; p 0.047) in that of Lane et al.
[8]. Moreover, Tachibana et al. reported an odd ratio
(OR) 0f 1.29 (95%CI 1.17-1.43; p 0.01) [56] for the risk
of post-operative acute kidney injury related to tumor
size, while Gu et al. an OR of 0.62 (95%CI 0.45-0.86;
p 0.05) [57] related to tumor size for achieving the
‘pentad’ [negative surgical margin, an ischemia time
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Figure 4. eGFR and IRF percentual change stratified by ischemia type (global, selective, warm or cold ischemia) (A), and ischemia
time (<20 or >20 minutes) (B) in the whole population of the 51 included studies.

eGFR — estimated glomerular filtration rate; IRF — impaired renal function

<25 minutes, no peri-operative complications, return
of eGFR to >90% from baseline, and no chronic kid-
ney disease (CKD) upstaging].

Three studies found patients’ age as an independent
predictor of post-operative functional renal change
[8, 10, 19].

With regards to operative data, 6 studies showed
a shorter ischemia time as positive predictor of minor
renal function change during the follow-up [8, 12,
14, 17, 19, 32]. For instance, the study by Thompson
et al. [17] found a hazard ratio (HR) of 2.27 (95%CI
1.00-5.13; p 0.04) for post-operative new-onset stage
IV CKD in surgery with WIT >25 minutes.

One study considered the off-clamp technique more
effective to reduce post-operative IRF, reporting an
OR of 2.70 (95%CI 1.27-5.78; p 0.01) with warm
ischemia versus clampless for post-operative ARF
(acute renal failure) [11]; two studies showed a supe-
riority of cold versus warm ischemia technique [25,
52], with an effect of 31.0 (95%CI 12.7-41.9; p 0.02)
reported by the study of Mir et al. [25] as a predic-
tor factor of eGFR preservation in operated kidney.
Ramirez et al. confirmed that cold ischaemia was as-
sociated with 12.9% greater preservation of eGFR
in the immediate post-operative period [52].
Concerning the surgical technique, one study found
that RAPN was significantly superior to LPN
in terms of renal function preservation, with a HR
of 4.26 (95%CI 1.80-10.12; p-value 0.001) [49] for
predicting CKD upstaging.

CONCLUSIONS
Critical analysis and conclusions

Currently, NSS is the gold standard treatment
of small renal masses, and according to the ‘trifecta

concept’, the maximum preservation of RF is one
ofits goals [1, 2, 59]. PN can be performed with either
an open, laparoscopic or robot-assisted approach, yet
LPN and RAPN have recently shown better peri-op-
erative and post-operative morbidity outcomes [3, 6,
60]. The aim of the present review was to compare
the three currently available surgical approaches
in terms of renal function results.

The included studies were retrospective and pro-
spective trials and only one was a randomized
trial. This methodological aspect makes results
less statistically relevant. Moreover, there was
a great variability among the different populations
in terms of sample sizes, and even more when
stratifying results according to the surgical tech-
niques. Also, the heterogeneity of populations and
sample sizes contribute in reducing the statistical
power of the analysis. Nevertheless, summarizing
results from the different studies, some relevant
conclusions can be drawn. Age, comorbidities
and tumor size were found to be independent fac-
tors which negatively influenced the preservation
of renal function post-operatively. Indeed, patients
aged <60 years and with a tumor size of <4 cm
showed a better preservation of their renal func-
tion after NSS. A nephrometry score was not used
in all studies (33/51) and eGFR results were not
reported according to this parameter which could
be significantly related to results in terms of re-
nal function. We analyzed results in studies from
a long period of time (more than 10 years) in which
surgical techniques significantly evolved from
an open approach to a laparoscopic or robot-assist-
ed procedures. Concerning operative data, LPN
and RAPN demonstrated a higher effectiveness
in the preservation of post-operative renal func-
tion, when compared to OPN. Considering the
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different types of ischemia, selective ischemia
showed to be a better approach compared to main
renal artery clamping in decreasing post-oper-
ative eGFR and IRF. Cold ischemia versus warm
ischemia — in particular the off-clamp technique
— showed a higher percentual rate of conserving
indexes of renal function.

In conclusion, alower reduction of percentage change
in terms of eGFR and IRF after NSS was reported in
patients aged <60 years, submitted to RAPN using
a selective and cold ischemia technique <20 minutes
or an off-clamp technique. A future meta-analysis
could be undertaken in consideration to better ana-
lyze results; however a relevant percentage of stud-

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

AUTHOR CONTRIBUTIONS

A. Sciarra: conceptualization, writing - original draft preparation;
G. Di Lascio: conceptualization, formal analysis and investigation; F. Del
Giudice: formal analysis and investigation; S. Salciccia: methodology;
G.P. Ricciuti: methodology, formal analysis and investigation; G.B. Di
Pierro: writing — review and editing, G.M. Busetto: formal analysis and
investigation; E. De Berardinis: writing — review and editing; D. Castel-
lani: writing — review and editing; G. Pirola: formal analysis and inves-
tigation; M. Maggi: writing — original draft preparation, formal analy-
sis and investigation, A. Gentilucci: formal analysis and investigation;
S Cattarino: formal analysis and investigation; G. Mariotti: formal anal-

ies are retrospective.

References

1.

Ljungberg B, Albiges L, Bensalah K, et al.
EAU Guidelines on Renal Cell Carcinoma.
2019. Available from: https://uroweb.org/
guideline/renal-cell-carcinoma/

ysis, review and editing; P. Casale: conceptualization, investigation.

renal damage after nephron-sparing
surgery in patients with normal
contralateral kidney. Eur Urol. 2009;
55:209-215.

2. Mehra K, Manikandan R, Dorairajan LN, 10. Song C, Bang JK, Park HK, Ahn H. Factors
Sreerag S, Jain A, Bokka SH. Trifecta influencing renal function reduction
Outcomes in Open, Laparoscopy after partial nephrectomy. J Urol. 2009;
or Robotic Partial Nephrectomy: 181: 48-53.

Does the Surgical Approach Matter?
J Kidney Cancer VHL. 2019; 6: 8-12. 11. Thompson RH, Lane BR, Lohse CM, et al.
Comparison of warm ischemia versus

3. Lane BR, Gill IS. 7-year oncological outcomes no ischemia during partial nephrectomy
after laparoscopic and open partial on a solitary kidney. Eur Urol. 2010; 58:
nephrectomy. J Urol. 2010; 183: 473-479. 331-336.

4. Hayn MH, Schwaab T, Underwood W, 12. Shikanov S, Lifshitz D, Chan AA, et al.

Kim HL. RENAL nephrometry score predicts Impact of ischemia on renal function

surgical outcomes of laparoscopic partial after laparoscopic partial nephrectomy:

nephrectomy. BJU Int. 2011; 108: 876-881. a multicenter study. J Urol. 2010; 183:
1714-1718.

5. Thompson RH, Lane BR, Lohse CM, et al.

Every minute counts when the renal hilum 13. Smith GL, Kenney PA, Lee Y, Libertino JA.

is clamped during partial nephrectomy. Non-clamped partial nephrectomy:

Eur Urol. 2010; 58: 340-345. techniques and surgical outcomes. BJU Int.
2011; 107: 1054-1058.

6. Gul ZG, Tam A, Badani KK. Robotic partial
nephrectomy: The current status. Indian 14. Pouliot F, Pantuck A, Imbeault A, et al.

J Urol. 2020; 36: 16-20. Multivariate analysis of the factors
involved in loss of renal differential

7. Sciarra A, Von Heland M, Minisola F, function after laparoscopic partial
Salciccia S, Cattarino S, Gentile V. Thulium nephrectomy: a role for warm ischemia
laser supported nephron sparing surgery time. Can Urol Assoc J. 2011; 5: 89-95.
for renal cell carcinoma. J Urol. 2013; 190:

698-701. 15. Lane BR, Russo P, Uzzo RG, et al. Comparison
of cold and warm ischemia during partial

8. Lane BR, Babineau DC, Poggio ED, et al. nephrectomy in 660 solitary kidneys reveals
Factors predicting renal functional predominant role of nonmodifiable factors
outcome after partial nephrectomy. in determining ultimate renal function.

J Urol. 2008; 180: 2363-2368. J Urol. 2011; 185: 421-427.

9. Funahashi Y, Hattori R, Yamamoto T, 16.

Kamihira O, Kato K, Gotoh M. Ischemic

Simmons MN, Fergany AF, Campbell SC.
Effect of parenchymal volume preservation

17.

18.

19.

20.

21.

22.

23.

on kidney function after partial
nephrectomy. J Urol. 2011; 186: 405-410.

Thompson RH, Lane BR, Lohse CM, et al.
Renal function after partial nephrectomy:
effect of warm ischemia relative to
quantity and quality of preserved kidney.
Urology. 2012; 79: 356-360.

Simmons MN, Hillyer SP, Lee BH,
Fergany AF, Kaouk J, Campbell SC.
Functional recovery after partial
nephrectomy: effects of volume

loss and ischemic injury. J Urol. 2012;
187:1667-1673.

Porpiglia F, Fiori C, Bertolo R, et al. Long-
term functional evaluation of the treated
kidney in a prospective series of patients
who underwent laparoscopic partial
nephrectomy for small renal tumors.

Eur Urol. 2012; 62: 130-135.

Sankin A, Sfakianos JP, Schiff J, Sjoberg D,
Coleman JA. Assessing renal function after
partial nephrectomy using renal nuclear
scintigraphy and estimated glomerular
filtration rate. Urology. 2012; 80: 343-346.

Ng CK, Gill IS, Patil MB, et al.
Anatomic renal artery branch
microdissection to facilitate
zero-ischemia partial nephrectomy.
Eur Urol. 2012; 61: 67-74.

Gill IS, Patil MB, Abreu AL, et al. Zero
ischemia anatomical partial nephrectomy:
a novel approach. J Urol. 2012; 187:
807-814.

Shao P, Tang L, Li P, et al. Precise segmental
renal artery clamping under the guidance
of dual-source computed tomography



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

CENTRAL EUROPEAN JOURNAL OF UROLOGY

angiography during laparoscopic partial
nephrectomy. Eur Urol. 2012; 62:
1001-1008.

Papalia R, Simone G, Ferriero M, et

al. Laparoscopic and robotic partial
nephrectomy without renal ischaemia
for tumours larger than 4 cm:
perioperative and functional outcomes.
World J Urol. 2012; 30: 671-676.

Mir MC, Campbell RA, Sharma N, et al.
Parenchymal volume preservation

and ischemia during partial nephrectomy:
functional and volumetric analysis.
Urology. 2013; 82: 263-268.

Hillyer SP, Bhayani SB, Allaf ME, et al.
Robotic partial nephrectomy for solitary
kidney: a multi-institutional analysis.
Urology. 2013; 81: 93-97.

Panumatrassamee K, Autorino R,
Laydner H, et al. Robotic versus
laparoscopic partial nephrectomy

for tumor in a solitary kidney:

a single institution comparative analysis.
IntJ Urol. 2013; 20: 484-491.

Gupta GN, Boris R, Chung P, Linehan WM,
Pinto PA, Bratslavsky G. Robot-assisted
laparoscopic partial nephrectomy

for tumors greater than 4 cm and high
nephrometry score: feasibility, renal
functional, and oncological outcomes

with minimum 1 year follow-up. Urol Oncol.
2013; 31: 51-56.

Kaczmarek BF, Tanagho YS, Hillyer SP,
et al. Off-clamp robot-assisted partial
nephrectomy preserves renal function:
a multi-institutional propensity score
analysis. Eur Urol. 2013; 64: 988-993.

Shao P, Tang L, Li P, et al. Application

of a vasculature model and standardization
of the renal hilar approach in laparoscopic
partial nephrectomy for precise segmental
artery clamping. Eur Urol. 2013; 63:
1072-1081.

Hung AJ, Cai J, Simmons MN, Gill IS.
‘Trifecta’ in partial nephrectomy. J Urol.
2013; 189: 36-42.

Zargar H, Bhayani S, Allaf ME, et al.
Comparison of perioperative outcomes
of robot-assisted partial nephrectomy
and open partial nephrectomy in patients
with a solitary kidney. J Endourol. 2014;
28:1224-1230.

Autorino R, Khalifeh A, Laydner H, et al.
Robot-assisted partial nephrectomy
(RAPN) for completely endophytic renal

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

masses: a single institution experience.
BJU Int. 2014; 113: 762-768.

Volpe A, Garrou D, Amparore D, et al.
Perioperative and renal functional
outcomes of elective robot-assisted partial
nephrectomy (RAPN) for renal tumours
with high surgical complexity. BJU Int.
2014; 114: 903-909.

Kaouk JH, Samarasekera D, Krishnan J,
et al. Robotic partial nephrectomy with
intracorporeal renal hypothermia using
ice slush. Urology. 2014; 84: 712-718.

Peyronnet B, Baumert H, Mathieu R, et al.
Early unclamping technique during robot-
assisted laparoscopic partial nephrectomy
can minimise warm ischaemia without
increasing morbidity. BJU Int. 2014; 114:
741-747.

McClintock TR, Bjurlin MA, Wysock JS,

et al. Can selective arterial clamping

with fluorescence imaging preserve
kidney function during robotic partial
nephrectomy? Urology. 2014; 84: 327-332.

Desai MM, de Castro Abreu AL, Leslie
S, et al. Robotic partial nephrectomy
with superselective versus main artery
clamping: a retrospective comparison.
Eur Urol. 2014; 66: 713-719.

Porpiglia F, Bertolo R, Amparore D, et al.
Evaluation of functional outcomes after
laparoscopic partial nephrectomy using
renal scintigraphy: clamped vs clampless
technique. BJU Int. 2015; 115: 606-612.

Zargar H, Akca O, Autorino R, et al.
Ipsilateral renal function preservation
after robot-assisted partial nephrectomy
(RAPN): an objective analysis using
mercapto-acetyltriglycine (MAG3) renal
scan data and volumetric assessment.
BJU Int. 2015; 115: 787-795.

Tanaka K, Furukawa J, Shigemura K,

et al. Surgery-related outcomes

and postoperative split renal function

by scintigraphy evaluation in robot-assisted
partial nephrectomy in complex renal
tumors: an initial case series. J Endourol.
2015; 29: 29-34.

Maddox M, Mandava S, Liu J,
Boonjindasup A, Lee BR. Robotic partial
nephrectomy for clinical stage T1b tumors:
intermediate oncologic and functional
outcomes. Clin Genitourin Cancer. 2015;
13:94-99.

Shin TY, Lim SK, Komninos C, et al. Clinical
values of selective-clamp technique

44.

45.

46.

47.

48.

49.

50.

51.

52.

in robotic partial nephrectomy. World
J Urol. 2015; 33: 763-769.

Satkunasivam R, Tsai S, Syan S, et al.
Robotic unclamped ‘minimal-margin’
partial nephrectomy: ongoing refinement
of the anatomic zero-ischemia concept.
Eur Urol. 2015; 68: 705-712.

Zargar H, Porpiglia F, Porter J, et al.
Achievement of trifecta in minimally
invasive partial nephrectomy correlates
with functional preservation of operated
kidney: a multi-institutional assessment
using MAG3 renal scan. World J Urol.
2016; 34: 925-931.

Maurice MJ, Ramirez D, Malkog E, et al.
Predictors of Excisional Volume Loss

in Partial Nephrectomy: Is There Still
Room for Improvement? Eur Urol. 2016;
70: 413-415.

Luciani LG, Chiodini S, Donner D, et al
Early impact of robot-assisted partial
nephrectomy on renal function

as assessed by renal scintigraphy.

J Robot Surg. 2016; 10: 123-128.

Wang Y, Ma X, Huang Q, et al. Comparison
of robot-assisted and laparoscopic partial
nephrectomy for complex renal tumours
with a RENAL nephrometry score >7:
peri-operative and oncological outcomes.
BJU Int. 2016; 117: 126-130.

Andrade HS, Zargar H, Akca O, et al.

Is Extensive Parenchymal Resection
During Robotic Partial Nephrectomy
Justified? A Match-Paired Comparison

of Two Extirpative Surgical Modalities

for Treatment of a Complex Renal
Neoplasm. J Endourol. 2016; 30: 379-383.

Novara G, La Falce S, Abaza R, et al.
Robot-assisted partial nephrectomy

in cystic tumours: analysis of the Vattikuti
Global Quality Initiative in Robotic
Urologic Surgery (GQI-RUS) database.
BJU Int. 2016; 117: 642-647.

Takagi T, Kondo T, Tachibana H, et al.

A propensity score-matched comparison
of surgical precision obtained by using
volumetric analysis between robot-
assisted laparoscopic and open

partial nephrectomy for T1 renal

cell carcinoma: a retrospective non-
randomized observational study

of initial outcomes. Int Urol Nephrol.
2016; 48: 1585-1591.

Ramirez D, Caputo PA, Krishnan J, Zargar H,
Kaouk JH. Robot-assisted partial
nephrectomy with intracorporeal renal



53.

54.

55.

CENTRAL EUROPEAN JOURNAL OF UROLOGY

hypothermia using ice slush: step-by-step
technigue and matched comparison

with warm ischaemia. BJU Int. 2016;
117:531-536.

Paulucci DJ, Rosen DC, Sfakianos JP,

et al. Selective arterial clamping does
not improve outcomes in robot-assisted
partial nephrectomy: a propensity-score
analysis of patients without impaired
renal function. BJU Int. 2017; 119:
430-435.

Tsai SH, Lai YC, Wu NY, Chung HJ. Split
renal function of both kidneys after
robot-assisted partial nephrectomy
for renal tumor larger than 4 cm.

Int Urol Nephrol. 2017; 49: 225-232.

Chang KD, Abdel Raheem A, Kim KH,
et al. Functional and oncological

56.

57.

outcomes of open, laparoscopic

and robot-assisted partial nephrectomy:
a multicentre comparative
matched-pair analyses with a median
of 5 years' follow-up. BJU Int. 2018;
122: 618-626.

Tachibana H, Kondo T, Yoshida K,
Takagi T, Tanabe K. Lower Incidence

of Postoperative Acute Kidney Injury
in Robot-Assisted Partial Nephrectomy
Than in Open Partial Nephrectomy:

A Propensity Score-Matched Study.

J Endourol. 2020; 34: 754-762.

Gu L, Liu K, Shen D, et al. Comparison

of Robot-Assisted and Laparoscopic
Partial Nephrectomy for Completely
Endophytic Renal Tumors: A High-Volume
Center Experience. J Endourol. 2020; 34:
581-587.

58.

59.

60.

Wirnschimmel C, Di Pierro GB,
Moschini M, et al. Robot-Assisted
Laparoscopic Partial Nephrectomy

Vs Conventional Laparoscopic

Partial Nephrectomy: Functional

and Surgical Outcomes of a Prospective
Single Surgeon Randomized Study.

J Endourol. 2020; 34: 847-855.

Sciarra A, Gentile V, Salciccia S, Alfarone A,
Di Silverio F. New anti-angiogenic targeted
therapy in advanced renal cell carcinoma
(RCC): current status and future prospects.
Rev Recent Clin Trials. 2008; 3: 97-103.

Cacciamani GE, Medina LG, Gill T, et al.
Impact of Surgical Factors on Robotic
Partial Nephrectomy Outcomes:
Comprehensive Systematic Review
and Meta-Analysis. J Urol. 2018; 200:
258-274.



