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Introduction

Radical nephrectomy was the standard treatment for 
renal tumors until Novick et al. pioneered partial 
nephrectomy (PN) in the early 1980s (1-3). In the 
beginning, PN was applied under absolute indication 
for tumors in solitary kidneys, bilateral renal tumors, 
and patients with impaired renal function. Subsequently, 
the surgical technique was refined, and the surgical 
indication continued to expand gradually to selective 
patients.
 The preservation of renal function is an important 
goal in the treatment of renal tumors and PN. A negative 
surgical margin, warm ischemia time less than 25 min, 
and no urological complications are the trifecta of PN (4). 
Furthermore, pentafecta is defined as the achievement 
of a trifecta with the addition of preserving over 90% 
estimated glomerular filtration rate (eGFR) and no 
chronic kidney disease stage upgrading after 1 year 
(5,6). Several methods have been introduced to preserve 
renal function, including omitting renal hilum clamping, 
renal cortical renorrhaphy, or a combination of both. 
The influence of each technique on postoperative 
renal function remains unclear. Herein, we review the 
current evidence regarding the influence of renal pedicle 

clamping and renorrhaphy on postoperative renal 
function. PubMed was searched to identify relevant 
articles published up to January 15, 2023. Detailed 
information is provided in Table 1.

Renal hilum clamping

Hilar control techniques, including off-clamp, selective/
super-selective clamp, or early unclamp surgeries, may 
contribute to reduced renal parenchymal ischemia and 
better preservation of postoperative renal function. 
There are multiple reports on the pros and cons of the 
effect of hilar control on postoperative renal function (7-
18). Regarding surgical complications, one multicenter 
propensity score-matched case-control study concluded 
that off-clamp robot-assisted PN (RAPN) is feasible for 
a small subgroup of renal tumors without postoperative 
complications, although off-clamp surgeries are at 
an increased cost of higher estimated blood loss and 
conversion to radical nephrectomy (18).
 As for postoperative renal function, parenchymal 
ischemia/reperfusion by hilar clamping lead to acute 
kidney injury through production of radical oxygen 
species (19). A meta-analysis reported that short- 
and long-term renal function are superior in the hilar 

(42)

DOI: 10.35772/ghmo.2023.01012

Do hilar clamping and renorrhaphy influence postoperative renal 
function after partial nephrectomy?
Masaki Nakamura1,*, Ibuki Tsuru1, Yoshiyuki Shiga1, Shuji Kameyama2

1 Department of Urology, NTT Medical Center Tokyo, Tokyo, Japan;
2 Tokyo Healthcare University, Tokyo, Japan.

Abstract: Preservation of renal function is an important goal of partial nephrectomy (PN) for renal tumors. Several 
attempts to preserve postoperative renal function, including hilar control surgery and omission of renal cortical 
renorrhaphy, have been reported, but the influence of each procedure remains controversial. We conducted a 
literature review based on PubMed to summarize the current situation and clarify the influence of each procedure 
on postoperative renal function. Effects of hilar control, omitting renorrhaphy, and a combination of both on post-
PN renal function were reviewed. While hilar clamping does not influence postoperative renal function, cortical 
renorrhaphy tends to deteriorate. Parenchymal ischemia/reperfusion by hilar clamping leads to acute kidney injury 
through production of radical oxygen species. Recent randomized controlled studies, however, showed no differences 
in the postoperative renal function between on- and off-clamp laparoscopic PN. Finally, the effects of soft coagulation 
on renal parenchymal denaturation and postoperative renal function were reviewed. Although soft coagulation can 
lead to denaturation and necrosis of the renal parenchyma, the shortened warm ischemic time might positively affect 
postoperative renal function. In conclusion, off-clamp, non-renorrhaphy PN is feasible and safe for small renal tumors. 
Renorrhaphy, but not hilar clamping, tends to worsen postoperative renal function.

Keywords: estimated glomerular filtration rate, kidney failure, nephrectomy, organ preservation

Correspondence



GHM Open. 2024; 4(1):42-46.GHM Open. 2024; 4(1):42-46.

control surgery groups to hilar clamping surgery 
groups (20). After that report, however, results of two 
prospective randomized control trials, the EMERALD 
(NCT03679572), and the CLOCK (NCT022/7987) have 
been published with contrary results (21,22). First, the 
EMERALD study compared the six postoperative month 
eGFR changes in the operated kidney after RAPN with 
super-selective clamping and early artery unclamping. 
The relative eGFR reduction in the operated kidney 
were not significantly different (-21.4% vs. -23.4%, p 
= 0.7) (21). Considering the absence of trend in favor 
of super-selective surgery, the study was interrupted 
before the entry reached the originally designed 
number. The CLOCK Ⅱ prospective randomized study 
compared effects of on-clamp and off-clamp surgery 
on postoperative renal function. In this study, 69 of 164 
patients (42%) assigned in off-clamp group underwent 
on-clamp surgery, while 23 of 160 patients (14%) in on-
clamp group underwent off-clamp surgery due to tumor 
complexity and surgeons' preference. They showed no 
differences in the eGFR between on- and off-clamp 
laparoscopic PN within 24 months of operation both 
in intention-to-treat analysis and per-protocol analysis 
(22). Absolute variation in eGFR at 6 months was -6.8 
mL/min and -4.2 mL/min for on- and off-clamp RAPN, 
respectively (22). Complication rates were similar 
between groups (23). Taken together, hilar control 
surgery is feasible and safe for small renal tumors, 
while its contribution to postoperative renal function is 
practically small.

Renorrhaphy

Renorrhaphy was first introduced in partial nephrectomy 
to minimize postoperative complications by hemostasis 
and closure of the collecting system. In association with 
preserving parenchyma, necessity of renorrhaphy has 

been an issue to be discussed. Considering the risk of 
damaging renal vessels and increasing warm ischemic 
time that result in reducing renal parenchyma, growing 
application of non-renorrhaphy technique have been 
observed (24-29).
 A meta-analysis registered in the PROSPERO 
study (CRD42022293977) analyzed 634 patients 
from 5 retrospective studies. The results showed a 
significant benefit of the non-renorrhaphy technique 
in terms of operating and warm ischemic time and, 
thus, preservation of renal function, compared with 
that by the renorrhaphy technique. The weighted mean 
difference for eGFR decline was -4.19 mL/min with a 
95% confidence interval of -7.64 to -0.73 (p < 0.001). 
However, they found no difference in postoperative 
complications between the groups (30).
 Renorrhaphy is divided into two parts: medullary 
and cortical layers, also known as inner and outer 
layers, respectively. Hence, some comparative studies 
compare single- and double-layer renorrhaphy (both 
medullary and cortical layer renorrhaphy) (29,31,32). 
Another meta-analysis analyzing single- versus double-
layer renorrhaphy showed a benefit of the single-layer 
technique in the preservation of postoperative renal 
function (-3.19 mL/min vs. -6.07 mL/min, p = 0.01) (33). 
The difference could partly be explained by damage to 
parenchymal vessels, shortening of the warm ischemic 
time, and reduction in renal parenchyma. In this regard, 
the results of an ongoing randomized prospective study 
(NCT02131376) whose endpoint includes the impact 
of cortical renorrhaphy on renal volume loss and 
postoperative renal function are awaited.
 Therefore, non-renorrhaphy surgery might contribute 
to the preservation of postoperative renal function 
by avoiding damage to renal vessels, shortening the 
warm ischemic time, and preserving renal parenchymal 
volume.
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Table 1. Search strategy summary

Items

Date of search

Databases and other sources searched

Search terms used

Timeframe

Inclusion and exclusion criteria

Selection process

Any additional consideration

Specification

January 10, 2023

PubMed

Hilar clamping, kidney function, off-clamp, partial nephrectomy, and renorrhaphy

Not applicable

Inclusion criteria: i) The type of literature should be either a prospective study, a retrospective study, 
or a meta-analysis; ii) The literature focus on the maintenance of perioperative renal function; iii) 
The research subjects must meet the criteria for undergoing partial nephrectomy as outlined in the 
guidelines; iv) Only documents published in English were considered. Any studies that do not meet 
one or more of these inclusion criteria were excluded.

A systematic search was conducted on 10/1/2023 using PubMed with the keywords listed above. The 
relevant search results were selected for this narrative review.

Not applicable
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severe complications; however, whether it deteriorates 
postoperative renal function remains controversial. 
Conversely, cortical renorrhaphy negatively affects renal 
function by damaging renal vessels and increasing the 
warm ischemic time. A prospective comparative study 
is required to verify these findings. Nevertheless, with 
the accumulation of clinical experience with off-clamp, 
non-renorrhaphy PN with a new hemostasis technology 
in robot-assisted settings, we may be one step closer to 
realizing the ideal PN.
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