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Background: Nephron-sparing surgery (NSS) for small renal masses (SRMs) is currently
the standard of care to treat renal cell carcinoma (RCC). The concept of partial resection of
RCC has mainly been developed to preserve kidney function. Therefore, we have performed
this study to explore the research activity that has been undertaken since the early twenty-
first century to investigate the advantages of NSS on preserving kidney function and
preventing chronic kidney disease (CKD).

Methods: Based on the Scopus database, this bibliometric study was used to reveal
publication patterns in the kidney function and NSS research field. The data were analysed
with VOSviewer version 1.6.16 software, which was used to create a network visualisation
map that included research hotspots in this area.

Results: A total of 449 scientific publications focused on renal function in NSS between
2001 and 2020. One hundred and seventy (38%) of the total published articles originated
from the USA. Journal of Urology, European Urology, and Journal of Endourology were the
top publications detailing research in this field. Half (50%) of the top 10 cited articles were
published in the Journal of Urology, with an average citation of around 200 per article. The
three most encountered research themes were comparative studies between partial and radical
nephrectomy in terms of kidney function and development of CKD, the impact of type and
duration of ischemia during resection on glomerular filtration rate (GFR) decline, and the
effect of different surgical approaches on intermediate and long-term kidney function.
Conclusion: NSS for SRMs and RCC and its impact on kidney function is a hot topic in the
literature, and the amount of published data has consistently been rising since 2000.
However, even though hundreds of documents have studied this topic from various perspec-
tives, there is a compelling need to answer several questions such as the overall survival (OS)
benefit of performing NSS in localised RCC and head-to-head comparison of robotic-assisted
versus laparoscopic NSS in terms of warm ischemia time and long-term decline in GFR.
Keywords: nephron-sparing surgery, partial nephrectomy, kidney function, renal

insufficiency, bibliometric, Scopus

Introduction

Nephron sparing surgery (NSS) has become the standard of care to treat small renal
masses, which are the most prevalent type of renal cell carcinoma (RCC).' The
American Association of Urology (AUA) and European Association of Urology
(EAU) guidelines recommend partial nephrectomy (PN) surgery for small renal
masses (SRMs).> The established concept of PN to deal with RCC is mainly driven
by the advantage of preserving kidney tissue to decrease the risk of future chronic

Received: 10 June 2021
Accepted: 18 September 2021
Published: 27 September 2021

Cancer Management and Research 2021:13 7479-7487 7479
© 2021 Abushamma et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
BY N

terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing
the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-0530-5466
http://orcid.org/0000-0001-8987-2400
http://orcid.org/0000-0002-7369-2058
mailto:farisabushamma@hotmail.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Abushamma et al

Dove

kidney disease (CKD) and is now extended to include larger
RCC.* Several studies have investigated the oncological and
functional outcome of NSS in comparison to radical
nephrectomy (RN), which showed equivalent oncological
outcomes, but questionable benefit on long-term kidney
function and CKD.*” Furthermore, surgically induced kid-
ney injuries are shown to have a less adverse effect on long-
term kidney function.”®

Moreover, the mortality associated with surgically
induced kidney injury is not substantial during intermediate-
term follow-up.” The other debatable benefit of NSS is to
decrease the potential development of cardiovascular dis-
ease (CVD), which may evolve secondary to CKD and lead
to increased overall mortality.'® It is evident that CKD
creates potential harm to the cardiovascular system and
this in turn may lead to heart failure, arrhythmias, and
potentially sudden cardiac death.'' Thus, theoretically,
NSS should decrease CKD prevalence, heart-related com-
plications, and improve overall survival (OS). These
of NSS were
a comparative study that analysed the risk of CVD between
RN and PN for RCC, which showed that RN was associated
with worse overall mortality and cardiovascular mortality.'

claimed advantages supported by

However, the claimed heart-protective feature of NSS was
queried recently by Capitanio et al, as their study showed no
extra benefit of NSS on major cardiovascular events.'?
Thus, future prospective and RCTs are required to investi-
gate potential heart protective features of NSS during long-
term follow-up."*

The benefits of cold versus warm ischemia during NSS
also has been a trending question over the last few years in
the prospect of kidney injury and long-term renal
function.'” It is not apparent whether the type of ischemia
directly impacts renal function; however, long-term func-
tion is linked to the quantity and quality of residual renal
parenchyma rather than the duration or type of warm
ischemia. Moreover, the surgical approach itself plays
a significant role in ischemia duration and residual kidney
parenchyma.'®!” We have decided to undertake this bib-
liometric analysis in order to examine the above listed
queries and to show the trend of research activities.

Methods

Data Source
We used the Scopus database as a data source in this study,
which is widely recognized as a reliable source for aca-

demic and bibliometric research.'®!®

Search Strategy

To find applicable literature on kidney function and NSS
from the last two decades (from January 2001 to
December 31, 2020), we use the Scopus online database’s
“Advanced search” feature and enter the related keywords
in the title. Data was collected on January 11, 2021. The
following search strategy was used:

Step 1: The terms related to NSS that were entered into
the Scopus engine were selected from the literature related to
NSS in order to achieve the goals of this bibliometric
study.?®?? All of the following terms were used in the article
title: “Partial nephrectomy” OR “Nephron sparing surgery”
OR “Nephron-Sparing Surgery” OR “enucleation”.

Step 2: Following that, we restricted the publications
retrieved in Step 1 to those with the term related to kidney
failure in their titles. Kidney failure-related words were
extracted from PubMed’s Medical Subject Headings
(MeSH) database and entered into the Scopus search
engine. All of the following terms were entered in the
article title: renal insufficiency, kidney insufficiency, kid-
ney injury, kidney failure, kidney disease, renal disease,
renal failure, ESRD, renal injury, creatinine, glomerular
filtration rate, renal function, kidney function, haemodia-
lysis, dialysis, warm ischemia, cold ischemia, ischaemia
time, kidney filtration rate, and renal filtration rate.

Bibliometric Analysis

The basic information of each document was gathered, such
as year of publication for articles, journals with their impact
factors, countries, institutions, and top cited articles.

Visualise Analysis

In this analysis, VOSviewer software version 1.6.16 was used,
which is a free software tool for creating and visualising
bibliometric maps.”*** To assess the hotspots for frontier
studies, VOSviewer was used to construct network visualisa-
tion maps of the most co-occurring terms in the title and
abstract.

Ethics Approval
Approval of an ethics committee was not necessary since this
study was a bibliometric analysis with no human subjects.

Results

Volume and Types of Publications
A total of 4342 documents referencing NSS in the title were
published between 2001 and 2020 at the global level. There
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were 449 scientific publications focused on renal function in
NSS. An article was the main type of document for publica-
tions related to renal function in NSS, accounting for 77.51
(n=348) of documents followed by notes (n=44; 9.80), let-
ters (n=16; 3.56%); reviews (n=14; 3.12%), and editorials
(13; 2.90%). Fourteen (3.12%) publications were other types
of documents such as conference papers or errata.

Growth Research Analysis

There has been a constant increase in publications focuss-
ing on NSS since 2000,
Consequently,

as shown in Figure 1.
the wunderstanding of the correlation
between NSS and the effect on kidney function has also
been steadily increasing since 2000. For example, in 2001,
there were 50 published documents available regarding
NSS. However, almost none of the reports were evaluating
the impact of NSS on kidney function. In 2002, a jump in
published papers discussing the relationship between NSS
and kidney function, extended to 50 articles. In 2010, the
amount of published data that discussed NSS in general,
was roughly equal to the data investigating the relation
between NSS and kidney function, which was around 200

articles each. In 2020, the amount of published data
approximately doubled to exceed 350 articles.

Top 10 Institutions and Countries

The USA was the leading contributor to research on NSS and
its impact on kidney function. One hundred and seventy (38%)
of the total published articles between 2001 and 2020 origi-
nated from the USA (Table 1). This representation mainly
corresponds to the top USA medical institutions that partici-
pated actively in this field, as shown in Table 2. Cleveland
Clinic Foundation, Memorial Sloan—Kettering Cancer Center,
and Mayo Clinic are on the top of the list with a total of 82
(18%) combined published articles. Cleveland Clinic
Foundation is the leading institution with 44 (10%) published
articles in this field. This is followed by Memorial Sloan—
Kettering Cancer Center with 25 (6%) published articles.

Top Productive Journals and Most Cited

Articles

Journal of Urology, European Urology, and Journal of
Endourology have led the research in this field since
2000. Journal of Urology has published 56 (12%)
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Figure | The annual number of publications related to nephron-sparing surgery and renal function in nephron-sparing surgery research from 2001 to 2020.
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Table | Top 10 Most Active Countries in Nephron-Sparing
Surgery Research on Renal Function, as Measured by the Total
Number of Publications Over the Last Two Decades (2001-2020)

documents on NSS and kidney function (Table 3).
Furthermore, 50% of the top 10 cited articles were pub-
lished in the Journal of Urology, with an average citation
of around 200 citations per article®'>?>3? (Table 4).

European Urology is the second on the list of the top 10

most productive journals in this field since 2000.
Moreover, the second and third most cited articles in
NSS and kidney function were published in European

Ranking | Country | Number of Documents % Urology as Backer et al published article had 289 citations
st United States 170 37.86 and Scosyrev et al had 283 total citations.*** Urology
2nd South Korea 48 10.69 Journal is the fifth on the top 10 list as it contributed to
3rd Japan 47 10.47 33 (7%) published articles. However, the top-cited article
4th Italy 2 935 was published in Urology Journal by McKiernan et al with
5th China 37 8.24 g

434 citations.
6th Germany 27 6.0l
7th Canada 19 4.23
7th Turkey 19 423 NSS and Kidney Function Test Most
oth France '8 401 Encountered Topics and Themes
10th Spain 12 2.67 . ..

The visualisation of the networks most often found terms

in the title and abstract of the retrieved publications (mini-
mum of 20 incidents) yielded three major colour clusters
(ie, red, green, and blue) (Figure 2). These topics showed
the most encountered and published keywords that
researchers worked on over the last twenty years to estab-
lish the relationship between NSS and the impact on

Table 2 Top 10 Most Active Institutions in Nephron-Sparing Surgery Research on Renal Function, as Measured by the Total Number

of Publications Over the Last Two Decades (2001-2020)

Ranking Institute Country Number of Publications %

Ist Cleveland Clinic Foundation USA 44 9.80
2nd Memorial Sloan—Kettering Cancer Center USA 25 5.57
3rd IRCCS San Raffaele Scientific Institute Italy 15 3.34
4th Mayo Clinic USA 13 2.90
4th Tokyo Women’s Medical University Japan 13 2.90
6th University of Ulsan, College of Medicine South Korea 12 2.67
7th Universita Vita-Salute San Raffaele Italy I 2.45
7th Universita degli Studi di Torino Italy I 245
7th Yonsei University College of Medicine South Korea I 2.45
10th Asan Medical Center South Korea 10 223

Table 3 Top 10 Most Active Journals in Nephron-Sparing Surgery Research on Renal Function, as Measured by the Total Number of
Publications Over the Last Two Decades (2001-2020)

Ranking Journal Number of Publications % IF?

I'st Journal of Urology 56 12.47 5.925
2nd European Urology 47 10.47 17.947
3rd Journal of Endourology 35 7.80 2.322
4th International Journal of Urology 34 7.57 2.445
5th Urology 33 7.35 1.924
6th BJU International 24 5.35 4.806
7th World Journal of Urology 17 3.79 3.217
8th Urologic Oncology Seminars and Original Investigations 14 3.12 2.882
9th International Urology and Nephrology 13 2.90 2.445
10th Urologia Internationalis 8 1.78 1.698

Note: *Impact factor (IF) based on Journal Citation Reports (JCR) 2019 from Clarivate Analytics.
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Table 4 Top 10 Most Cited Documents on Renal Function in Nephron-Sparing Surgery Research, Ranked by the Total Number of

Publications Over the Last Two Decades (2001-2020)

Ranking Authors Year Source Title Cited by
Ist McKiernan et al* 2002 Urology 434
2nd Becker et al*® 2009 European Urology 289
3rd Scosyrev et al® 2014 European Urology 283
4th Kim et al*® 2012 Journal of Urology 262
5th Lane et al"® 2011 Journal of Urology 260
6th Thompson et al*? 2012 Urology 239
7th Desai et al*® 2005 BJU International 178
8th Janetschek et al”’ 2004 Journal of Urology 160
9th Mir et al*® 2015 Journal of Urology 152
10th Simmons et al®' 2011 Journal of Urology 145

kidney function. The red cluster shows the comparative
studies of PN and RN in glomerular filtration rate (GFR)
decline and CKD development. The blue cluster shows the
type of ischemia and its impact on kidney function.
Finally, the green cluster shows the different surgical
approaches in the prospect of the type and duration of
ischemia, and its effect on long-term kidney function.
These three topics have been trending over the last twenty

editorial @mment

EVOSviewer

years in order to establish the effectiveness of NSS and
determinants that play a significant role in preserving
kidney function during NSS, such as surgical approach,
type, and time of ischemia.

Discussion
The current study aimed to evaluate the scientific literature
on kidney function after NSS for RCC. Since the

Figure 2 Network visualisation map of terms in the title/abstract fields of publications related to renal function in nephron-sparing surgery from 2001 to 2020. When the
minimum term occurrences were placed at least 20 times, a visualized map of terms was generated. Out of 7049 terms in this area, 12| met this criterion, which were
divided into three clusters and coloured differently. The node’s size indicates the number of publications that use that term.
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beginning of the twenty-first century, several published
articles have confirmed the safety and efficacy of open
and minimally invasive NSS.*7 However, since then,
researchers have been trying to prove the claimed theore-
tical benefit of NSS on kidney function and OS.

The analysis showed that the research activities were
focused around three topics or themes. Those topics are
colour coded as shown in Figure 2, with strong associa-
tion. The red cluster shows that the researchers’ effort was
mainly to compare RN and PN in the prospect of chronic
kidney disease. McKiernan et al published the top-cited
article in 2002 with more than 400 citations, which retro-
spectively compared RN and PN in view of the impact on
kidney function. The article concluded that RN patients
were at higher risk of developing renal failure over time.*
On the other hand, the EORTC group published RCTs in
2014 comparing RN and PN in regards to developing renal
failure and advanced kidney disease over 6.7 years follow-
up, which showed similar rates of progressive kidney
disease and end-stage renal failure between the two
groups.® Surprisingly, the EORTC trial showed that the
potential benefit of reducing moderate renal failure (¢GFR
<60 ml/min/1.73 m®) was not reflected on OS.° Thus, the
theoretical advantage of preserving kidney function in
NSS did not improve OS, which was the cornerstone
concept of adapting NSS in RCC. Such conflicting results
raise a question regarding the heart protective advantage of
NSS as it is known that renal impairment is usually asso-
ciated with CVD. Several articles showed that NSS
decreased the risk of developing CVD.***” However,
another set of published scientific data showed the heart-
protective features of NSS were age-related and NSS has
no benefit in reducing major cardiovascular events.*®
Lastly, the OS potential benefit of NSS, which may be
attributed to either better kidney function or less CVD,
was not clearly found in an RCT published in 2011 by Van
Poppel et al.” Thus, the debatable positive impact of NSS
on OS is still not clearly evident, and future prospective
and comparative studies are required to determine this
advantage.

The blue cluster shows the researchers’ interest in the
type of intraoperative renal ischemia during NSS and its
impact on kidney function. Lane et al published an article
in 2011 in the Journal of Urology comparing cold and
warm ischemia times in 660 solitary kidneys and its
impact on ultimate renal function. At 3 months, the med-
ian GFR decreased to a similar amount with cold and
warm ischemia.'” However, other independent variables

such as tumour size, low baseline kidney function, and
longer ischemia time were associated with poor long-term,
post-operative kidney function. Warm ischemia time was
acceptable up to 30 minutes with minimal decline in GFR
postoperatively.26 Furthermore, Janetschek et al showed
that laparoscopic PN in cold ischemia was an alternative
and feasible way of resecting SRMs with a median resec-
tion time of 40 minutes (27-101). Thus, both warm and
cold ischemia whilst artery-clamping are acceptable ways
to achieve oncologically proper resection of RCC with
relatively similar resection time and minimal effect on
GFR if resection was completed within an appropriate
timescale.

The green cluster shows the different surgical
approaches of NSS in relation to the impact on kidney
function. Additionally, the duration of ischemia was also
investigated between different surgical modalities. The
results are variable based on surgeon experience, the com-
plexity of the tumour, and the type of ischemia during
artery-clamping. Becker et al showed that warm ischemia
up to 20 minutes and cold ischemia up to 2 hours were
unlikely to be associated with ischemia-induced kidney
injury.”® The duration of ischemia is variable based on
surgical technique, which may affect the overall post-
operative kidney function based on the surgical procedure.
For instance, several published articles confirmed that
warm ischemia time is shorter in the open approach than
a laparoscopic approach. This is reflected in less decline in
GFR postoperatively; however, this is not reflected in
longer-term CKD.***

However, a single prospective study that compared the
perioperative outcomes of open and robotic-assisted PN
showed equivalent warm ischemia time and decline in
GFR.*' Minimally invasive NSS appeared not to harm
long-term kidney function. Therefore, minimally invasive
NSS is now the standard of care to treat SRMs. Robotic-
assisted NSS seemed to provide the best preservation of
kidney parenchyma; although BMI, warm ischemic time
(WIT), and baseline kidney function are the major factors
that influence the postoperative kidney function after
NSS.* A meta-analysis was done to compare laparoscopic
and robotic-assisted NSS, which showed that robotic-
assisted NSS had shorter warm ischemic time and less
drop in GFR postoperatively. However, these findings
were not reflected in serum creatinine change over
time.?! Thus, a randomized clinical trial is still required
to establish such differences and other perioperative para-
meters between different types of minimally invasive NSS.
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Strength and Limitations

This is the first bibliometric analysis of its kind to look
into this subject and provide comprehensive information
on research trends and developments in this emerging
field. However, there are several limitations similar to
previous bibliometric studies that are necessary to
remember.** > Firstly, the publications were retrieved
from the Scopus database between 2001 and 2020, which
does not adequately cover all topics pertaining to NSS and
kidney function research. Therefore, grey literature and
publications in nonindexed journals have not been studied.
Secondly, the current study was limited to the search terms
“NSS”, “kidney function” and related terms in the title
search only. Any publications that used “NSS” and “kid-
ney function” as a keyword or within the publication may
have been missed in this analysis. Despite these limita-
tions, this bibliometric study offers a fairly comprehensive
overview of “NSS” and “kidney function” studies over the
last two decades.

Conclusions

NSS for SRMs and RCC and its impact on kidney function
is a trending topic in the literature, with hundreds of articles
published. The most encountered themes are comparing RN
to PN in terms of post-op and long-term CKD, the impact of
type and duration of ischemia during PN on GFR, and
different surgical approaches in relation to the duration of
ischemia and development of CKD. In addition, there is still
an evidence-free area regarding the OS benefit of perform-
ing NSS in localized RCC and head-to-head comparison of
robotic-assisted versus laparoscopic NSS in terms of warm

ischemia time and long-term decline GFR.
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