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Simple Summary: Renal cell cancer, constituting the predominant type of kidney malignancy,
exhibits a global annual incidence increase of 2%. In the management of clinical T1 renal tumors,
the recommended surgical approach is partial nephrectomy (PN). The primary objective of this
procedure is the preservation of nephrons, thereby mitigating the risk of enduring kidney dysfunction
and maintaining comparable oncological outcomes when contrasted with radical nephrectomy.
Initially performed as an open surgery, PN has undergone significant evolution, with minimally
invasive techniques, particularly robot-assisted ones, garnering recognition. Nonetheless, despite
the inherent advantages, partial nephrectomy presents specific challenges, notably an elevated
likelihood of incomplete tumor excision and positive surgical margins, which may have implications
for cancer-specific outcomes. To address these challenges, the utilization of near-infrared fluorescence
technology, involving the intravenous administration of indocyanine green (ICG), has been proposed.
ICG, a water-soluble compound that binds to plasma albumin, emits near-infrared light, enabling the
visualization of kidney vasculature and renal tumors.

Abstract: Background: We aimed to analyze the influence of near-infrared fluorescence (NIRF) using
indocyanine green (ICG) with standard robot-assisted partial nephrectomy (RAPN) in patients with
a kidney tumor (KT). Methods: We performed a literature search on 12 September 2023 through
PubMed, EMBASE, and Scopus. The analysis included observational studies that examined the
perioperative and long-term outcomes of patients with a KT who underwent RAPN with NIRF.
Results: Overall, eight prospective studies, involving 535 patients, were eligible for this meta-analysis,
with 212 participants in the ICG group and 323 in the No ICG group. For warm ischemia time, the ICG
group showed a lower duration (weighted Mean difference (WMD) = −2.05, 95% confidence interval
(CI) = −3.30–−0.80, p = 0.011). The postoperative eGFR also favored the ICG group (WMD = 7.67,
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95% CI = 2.88–12.46, p = 0.002). No difference emerged for the other perioperative outcomes between
the two groups. In terms of oncological radicality, the positive surgical margins and tumor recurrence
rates were similar among the two groups. Conclusions: Our meta-analysis showed that NIRF with
ICG during RAPN yields a favorable impact on functional outcomes, whereas it exerts no such
influence on oncological aspects. Therefore, NIRF should be adopted when preserving nephron
function is a paramount concern.

Keywords: kidney tumor; robot-assisted partial nephrectomy; near-infrared fluorescence; indocyanine
green; estimated glomerular filtration rate

1. Introduction

Renal cell cancer represents the most common kidney malignancy, and its incidence,
of 2% worldwide, is increasing annually [1]. Partial nephrectomy (PN) is the recommended
surgical approach for managing clinical T1 renal tumors [2]. Its primary goal is to preserve
nephrons, thus mitigating the risk of long-term kidney dysfunction while potentially
improving survival rates, all without compromising oncological outcomes compared to
radical nephrectomy [3]. Traditionally conducted as an open surgery, PN has evolved
significantly, with minimally invasive techniques now prevailing. Among the latter, robot-
assisted partial nephrectomy (RAPN) has gained recognition, owing to its ability to better
preserve renal function, reduce hospital stays, and offer a relatively smoother learning
curve compared to laparoscopic partial nephrectomy (LPN) [4,5].

Despite the advantages it offers, partial nephrectomy presents inherent challenges,
notably a heightened risk of incomplete tumor resection and positive surgical margins,
which could influence cancer-specific outcomes [6]. To address these challenges, the
application of near-infrared fluorescence (NIRF) technology, utilizing the intravenous
administration of indocyanine green (ICG), has been proposed previously [7]. ICG, a water-
soluble molecule binding to plasma albumin, emits light in the near-infrared spectrum,
enabling the visualization of kidney vasculature and renal tumors [8]. Furthermore, ICG
exhibits an affinity for transmembrane proteins highly expressed in proximal and distal
renal tubules, rendering renal tumors less fluorescent [9]. Since 2011, NIRF technology
has been effectively integrated with one of the robotic platforms, permitting surgeons to
seamlessly transition between standard white light and near-infrared illumination within
the same console display [10]. ICG assumes a multifaceted role in renal surgery, facilitating
not only the verification of boundaries within ischemic renal regions but also the evaluation
of reperfusion dynamics following unclamping and renorrhaphy procedures at the end of
the surgery [11].

This study aims to perform a systematic review of the existing evidence concerning
the impact of NIRF with ICG in robotic partial nephrectomy and analyze the perioperative
outcomes of the use of ICG during RAPN for localized RCC.

2. Materials and Methods
2.1. Literature Search

This systematic review was performed according to the 2020 Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) method.

A literature search was performed on 12 September 2023 using PubMed, EMBASE,
and Scopus, with no date limit. The following term and Boolean operators were used:
(green indocyanine fluorescence OR fluorescence imaging OR near-infrared fluorescence
imaging OR image-guided surgery) AND (kidney OR renal) AND (cancer OR tumor OR
neoplasm) AND (partial nephrectomy OR nephron sparing surgery). The review protocol
was registered in PROSPERO with the registration number (CRD42023466105).
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2.2. Selection Criteria

The PICOS (Patient, Intervention, Comparison, Outcome, Study type) model was
used to frame and answer the clinical question: P: adult patients with renal tumor; I:
robot-assisted partial nephrectomy with intra-operative use of near-infrared fluorescence
imaging with indocyanine green. C: standard robot-assisted partial nephrectomy; O: warm
ischemia time, surgical time, console time, intraoperative blood loss, positive surgical
margin, overall perioperative complications, postoperative estimated glomerular filtration
rate (eGFR), blood transfusion, and postoperative stay. S: retrospective, prospective, and
randomized studies.

2.3. Study Screening and Selection

Studies were accepted based on the PICOS eligibility criteria. Only English papers
were included. Pediatric, preclinical, and animal studies were excluded. Case reports, re-
views, letters to the editor, and meeting abstracts were excluded. Retrospective, prospective
and prospective randomized studies were accepted. All retrieved studies were screened
by two independent authors through the Covidence systematic review software, Version 2
(Veritas Health Innovation, Melbourne, Australia). A third author solved discrepancies.
The full text of the screened papers was selected if it was found to be pertinent to the main
outcome of this review.

2.4. Statistical Analysis

Meta-analyses were performed when there were two or more studies reporting the
same outcomes under the same definition. The incidences of complications, positive surgi-
cal margins, blood transfusions, urinary fistulas and tumor recurrences were pooled using
the Cochran–Mantel–Haenszel method with a random effect model, and were expressed as
risk ratios (RR), 95% confidence intervals (CI), and p-values. The risk ratios of more than
one (1) indicate an increased risk of complications, positive surgical margins, blood transfu-
sions, urinary fistulas, and tumor recurrences in patients with no ICG. Warm ischemia time,
surgical time, intraoperative blood loss, postoperative eGFR, and postoperative stay were
pooled using the inverse variance of the weighted mean difference (WMD) with a random
effect model, 95% confidence intervals, and p-values. Analyses were two-tailed, with a
significance set at p < 0.05 and a 95% confidence interval. Study heterogeneity was assessed
utilizing the I2 value. Substantial heterogeneity was defined as an I2 value > 50% or a
chi-square p-value < 0.10. Meta-analysis was performed using Review Manager (RevMan)
5.4 software by Cochrane Collaboration.

3. Results
3.1. Literature Screening

The literature search retrieved 1544 papers. Duplicates, of which there were 144, were
automatically excluded. We screened 1400 papers using their titles and abstracts, and
1296 papers were further rejected because they were unrelated to the aim of the present
review. The remaining 92 full-text papers were evaluated for eligibility and 84 studies
were excluded. Finally, eight papers were accepted and included [12–19]. Supplementary
Figure S1 shows the flow diagram of the literature search.

3.2. Study Characteristics

Table 1 shows the study characteristics. Overall, there were 535 patients included in
eight studies, 212 patients in the ICG group and 323 patients in the No ICG group.
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Table 1. Studies comparing near-infrared fluorescence (NIRF) using indocyanine green (ICG) with standard robot-assisted partial nephrectomy (RAPN) in patients
with a kidney tumor. SSC: super-selective clamping; ZI: zero-ischemia; MAC: main artery clamping; eGFR: estimated glomerular filtration rate.

First
Author,

Year
Type of Study

Number
of

Cases

Mean
Age,
Years

Clamping
Technique

Surgical
Time,
min

Positive
Surgical
Margin,

n (%)

Overall
Complications,

n (%)
Postoperative

eGFR
Number

of
Control

Mean
Age,
Years

Clamping
Technique

Surgical
Time,
min

Positive
Surgical

Margin, n
(%)

Overall
Complications,

n (%)
Postoperative

eGFR Final Considerations

Borofsny
(2013) [12] Retrospective 27 60 ZI 256.3 0 7 (26) 70.8 27 58.1 MAC 211.6 0 8 (27) -

ZI partial nephrectomy is
feasible most of time with
NIRF, with a greater renal

function preservation.

Harke (2014)
[13] Retrospective 15 63 SSC 154 0 2 (13) - 15 63.2 MAC 162 0 5 (33) -

NIRF can be employed
safely, especially in hilar
and intrarenal as well as
polar tumors, avoiding
ischemic injury to the

remaining parenchyma,
with superior kidney
function preservation

Krane (2012)
[14] Retrospective 47 60 SSC or ZI - 3 (6) 4 (9) - 47 60.2 SSC or ZI - 4 (9) 13 (28) -

RPN using NIRF–ICG can
be performed safely and
effectively. Differential
ICG uptake by different
tumors did not lead to

significant differences in
the positive margin rate.

Lanchon
(2018) [15] Prospective 25 66 SSC - 1 (4) 5 (20) 78 25 68 MAC 119 1 (4) 4 (16) 72.67

Super-selective clamping
with NIRF using ICG is

safe and feasible, leading
to an increased

preservation of overall and
split postoperative renal
function, while keeping

the benefit of main artery
clamping on blood loss

and perioperative
complications.

Long (2022)
[16]

Randomized
Controlled Trial 15 56 SSC 113 0 8 (53) 80 14 61 MAC 115 1 (7) 3 (21) 79.83

SSC–RAPN using NIRF
did not provide better

renal preservation than
renal artery clamping in
non-selected patients,.

Mattevi
(2019) [17] Prospective 20 61 SSC 190.67 3 (7.1) 2 (10) 46.83 47 66 MAC 213.67 0 18 (38) 38.67

There was an association
between NIRF and

improved short-term
functional outcomes, as
measured by eGFR at

renal scan.
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Table 1. Cont.

First
Author,

Year
Type of Study

Number
of

Cases

Mean
Age,
Years

Clamping
Technique

Surgical
Time,
min

Positive
Surgical
Margin,

n (%)

Overall
Complications,

n (%)
Postoperative

eGFR
Number

of
Control

Mean
Age,
Years

Clamping
Technique

Surgical
Time,
min

Positive
Surgical

Margin, n
(%)

Overall
Complications,

n (%)
Postoperative

eGFR Final Considerations

McClintock
(2014) [18] Retrospective 42 59 SSC 176.1 0 4 (10) 78.2 42 59.4 MAC 195.6 0 2 (5) 68.5

The use of NIRF aids in
the implementation of

selective arterial clamping,
enabling real-time
verification of the

intended ischemic regions,
with enhanced short-term

functional outcomes.

Yang (2022)
[19] Retrospective 21 58 MAC 311.33 2 (10) 4 (19) 79.6 106 57 MAC 266 8 (8) 25 (23) 71.33

ICG determined superior
short-term renal functional

outcomes, with less
operative blood loss.

Therefore, ICG–RAPN is
an ostensibly safe

procedure with potentially
superior short-term renal

functional outcomes.
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Five included studies were retrospective [12–14,18,19], two were prospective [15,17],
and one was a randomized controlled trial [16]. Five studies analyzed super-selective renal
artery clamping [13,15–18], one analyzed the zero-ischemia technique [12], one analyzed
both of the above [14], and one analyzed main artery clamping [19].

3.3. Risk of Bias Assessment

Supplementary Figure S2 provides a view of the quality assessment for the randomized
study, revealing some concerns in the overall risk of bias. Supplementary Figure S3 presents
the quality assessment details for the retrospective and prospective non-randomized studies.
Among these, one study exhibited a critical risk of bias, two studies a serious risk of bias,
while the others displayed moderate risks. The primary factors contributing to bias were
the selection of participants and the bias to confounding.

3.4. Perioperative Outcomes
3.4.1. Warm Ischemia Time

A meta-analysis of seven studies (185 cases in the ICG group and 296 cases in the
No ICG group) shows that the warm ischemia time significantly favors the ICG group
(WMD = −2.05, 95% CI = −3.30–−0.80, p = 0.011). Study heterogeneity is low (I2 = 51%)
(Figure 1a).
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Figure 1. Studies concerning the warm ischemia time (a), surgical time (b), intraoperative blood loss
(c), estimated glomerular filtration rate (eGFR) (d), and postoperative stay (e) during robot-assisted
partial nephrectomy (RAPN) with and without indocyanine green (ICG) use.

3.4.2. Surgical Time

A meta-analysis of six studies (140 cases in the ICG group and 251 cases in the No
ICG group) shows that the surgical time shows no significant difference between the two
groups (WMD = 3.79, 95% CI = −17.56–25.14, p = 0.73). Study heterogeneity is moderate
(I2 = 71%) (Figure 1b).

3.4.3. Intraoperative Blood Loss

A meta-analysis of eight studies (212 cases in the ICG group and 323 cases in the No
ICG group) shows that the intraoperative blood loss shows no significant difference be-
tween the two groups (WMD = 1.76, 95% CI = −24.21–27.74, p = 0.89). Study heterogeneity
is low (I2 = 0%) (Figure 1c).

3.4.4. Postoperative Estimated Glomerular Filtration Rate

A meta-analysis of five studies (123 cases in the ICG group and 234 cases in the No ICG
group) shows that the postoperative eGFR significantly favors the ICG group (WMD = 7.67,
95% CI = 2.88–12.46, p = 0.002). Study heterogeneity is low (I2 = 0%) (Figure 1d).

3.4.5. Postoperative Stay

A meta-analysis of six studies (170 cases in the ICG group and 281 cases in the No ICG
group) shows that the postoperative stay shows no significant difference between the two
groups (WMD = −0.22, 95% CI = −0.71–0.27, p = 0.38). Study heterogeneity is moderate
(I2 = 51%) (Figure 1e).

3.5. Postoperative Complications
3.5.1. Overall Complications

A meta-analysis of eight studies (212 cases in the ICG group and 323 cases in the No
ICG group) shows that overall perioperative complications show no significant difference
between the two groups (RR = 0.86, 95% CI = 0.46–1.50, p = 0.55). Study heterogeneity is
moderate (I2 = 48%) (Figure 2a).



Cancers 2023, 15, 5560 8 of 15

3.5.2. Major Complications

When stratified for the severity of complications, a meta-analysis of seven studies
(185 cases in the ICG group and 296 cases in the No ICG group) shows that major periop-
erative complications show no significant difference between the two groups (RR = 0.77,
95% CI = 0.32–1.82, p = 0.55). Study heterogeneity is low (I2 = 0%) (Figure 2b).

3.5.3. Minor Complications

Similarly, a meta-analysis of seven studies (191 cases in the ICG group and 296 cases
in the No ICG group) shows that minor perioperative complications show no significant
difference between the two groups (RR = 0.81, 95% CI = 0.44–1.50, p = 0.50). Study
heterogeneity is low (I2 = 24%) (Figure 2c).
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Figure 2. Studies concerning the overall complications (a), major complications (b), minor complica-
tions (c), urinary fistula (d), and blood transfusion rates (e) after robot-assisted partial nephrectomy
(RAPN) with and without indocyanine green (ICG) use.

3.5.4. Urinary Fistula Rate

Evaluating the specific postoperative complications, a meta-analysis of five studies
(117 cases in the ICG group and 143 cases in the No ICG group) shows that the urinary
fistula (UF) rate shows no significant difference between the two groups (RR = 2.85, 95% CI
= 0.12–63.83, p = 0.52). Study heterogeneity is not applicable (Figure 2d).

3.5.5. Blood Transfusion Rate

A meta-analysis of seven studies (191 cases in the ICG group and 217 cases in the No
ICG group) shows that the blood transfusion rate shows no significant difference between
the two groups (RR = 0.71, 95% CI = 0.27–1.89, p = 0.50). Study heterogeneity is low
(I2 = 24%) (Figure 2e).

3.6. Oncological Outcomes
3.6.1. Positive Surgical Margins

A meta-analysis of eight studies (212 cases in the ICG group and 323 cases in the No
ICG group) shows that the positive surgical margins rate shows no significant difference
between the two groups (RR = 1.16, 95% CI = 0.46–2.92, p = 0.76). Study heterogeneity is
low (I2 = 7%) (Figure 3a).

3.6.2. Renal Tumor Recurrence

A meta-analysis of four studies (103 cases in the ICG group and 214 cases in the No
ICG group) shows that the renal tumor recurrence rate shows no significant difference
between the two groups (RR = 0.69, 95% CI = 0.04–12.98, p = 0.81). Study heterogeneity is
not applicable (Figure 3b).
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4. Discussion

This systematic review and associated meta-analyses reveals that the utilization of
indocyanine green (ICG) during RAPN is associated with a reduced warm ischemia time
and an elevated postoperative eGFR, when compared to RAPN performed without NIRF
guidance. Nevertheless, no statistically significant disparities were observed between the
two groups in relation to various perioperative outcomes, including surgical duration,
intraoperative blood loss, positive surgical margins, postoperative complications (both
major and minor), and the length of the postoperative hospital stay. Furthermore, the rate
of renal tumor recurrence appeared to be similar, irrespective of the application of NIRF
guidance.

The optimal duration of warm ischemia during partial nephrectomy remains a topic
of ongoing debate. Studies have investigated the relationship between warm ischemia time
and renal function in patients with a solitary kidney who underwent partial nephrectomy
with hilar clamping. A prolonged warm ischemia time was found to be associated with an
increased risk of acute renal failure and the development of new-onset stage IV chronic
kidney disease, with respective odds ratios of 1.05 and 1.06 for every 1 min increment [20].

Efforts have been made to minimize or eliminate renal ischemia during robot-assisted
partial nephrectomy, with the most radical approach being off-clamp partial nephrectomy.
Propensity score analyses have demonstrated that off-clamp partial nephrectomy can
help preserve post-operative renal function, albeit with a slightly higher estimated blood
loss [21]. However, a recent randomized controlled trial comparing on-versus off-clamp
RAPN in patients with a normal baseline kidney function and two kidneys found no
significant differences between the two strategies [22].

Large international studies have consistently shown that main renal artery clamping re-
mains the prevailing technique in RAPN, even in cases involving chronic kidney disease or
solitary kidneys [23]. Therefore, the pursuit of alternative methods to reduce warm ischemia
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time without increasing the risk of bleeding and transfusion is of paramount importance.
Early unclamping techniques during robot-assisted laparoscopic partial nephrectomy have
emerged as an attractive option for minimizing warm ischemia without raising morbidity
concerns [24,25]. Another method for eliminating renal ischemia during robotic partial
nephrectomy, while avoiding potential complications associated with the off-clamp tech-
nique, involves the use of NIRF imaging to facilitate super-selective arterial clamping in a
‘zero-ischemia’ approach. Moreover, patients who underwent RAPN with intravenous ICG
for selective clamping exhibited significantly higher postoperative eGFR compared to those
without ICG injection, safeguarding the blood supply to the healthy renal parenchyma and
minimizing its damage. In a pooled analysis conducted by Veccia et al., apart from the
observed reduction in WIT, the application of NIRF group demonstrated higher values of
eGFR during the short-term postoperative follow-up (1–3 months) (WMD: 9.26 mL/min;
95% CI: 6.46, 12.06; p < 0.001), despite a similar postoperative eGFR at discharge [26].
Consequently, it is evident that the utilization of ICG may yield superior short-term renal
functional outcomes.

Various tools have been implemented in minimally invasive partial nephrectomy for
the precise identification of renal tumors, aiming to ensure a reduced WIT and enhanced
preservation of the healthy parenchyma. Previously, the use of intraoperative ultrasound
had been recommended, particularly in cases involving higher complexity masses [27].
Recently, a three-dimensional planning tool has been introduced, facilitating the selective
clamping of the renal artery, and showing a high level of accuracy in kidney anatomy [28].
However, despite lower rates of detriment and surgical injury to the kidney associated with
this model, significant benefits in oncological or functional outcomes are not yet certain [29].

In the near-infrared fluorescence mode, the renal tumor exhibits a distinct color shade
compared to the healthy parenchyma. However, based on our experience, this difference
does not appear to enhance oncological outcomes. The fundamental goal of conservative
surgery is to maximize the preservation of healthy tissue while completely removing the
tumor, avoiding any residual tumor tissue at the resection margins. Our meta-analysis
indicates a similar number of positive surgical margins between standard RAPN and ICG-
assisted RAPN, with a total of nine cases of positive margins recorded in all ICG group
studies. This underscores the need for further refinements in this technique to achieve
greater oncological precision in tumor enucleation.

RAPN may be associated with a diverse spectrum of postoperative complications,
encompassing vascular complications, UF, and injury to surrounding structures. In the
former, hemorrhage often arises from inadequate vascular control, frequently due to the
missed segmental vessel during selective or super-selective clamping, or improper securing
of hemostasis after tumor excision, occurring in approximately 1.6–8.6% of patients [30]. In
our meta-analysis, no significant difference in intraoperative blood loss or blood transfusion
rate was observed. These outcomes appeared consistent regardless of tumor complexity or
the type of ischemia technique employed in the included studies in this MA (Meta-analysis).
Despite the theoretical advantages of ICG, such as providing additional information on
tissue perfusion for precise clamping and delineating renal parenchyma for meticulous
dissection [31], our analysis suggests that ICG does not confer an added advantage in
minimizing intraoperative bleeding during RAPN. We must note that we lack sufficient
data to assess the utility of ICG in preventing subsequent renal arteriovenous fistula and
other vascular complications. Similarly, our analysis did not reveal a significant difference
in UF rate between the two cohorts (RR = 2.85, 95% CI = 0.12–63.83, p = 0.52). The incidence
of UF after RAPN is relatively low, at <5% in our patient cohort, consistent with existing lit-
erature [32], compared to 2–6% following open and laparoscopic procedures [33,34]. Tumor
size, blood loss, and ischemia time are significantly associated with UF development [32].
Although our meta-analysis shows a significant advantage in warm ischemia time favoring
the ICG group (WMD = −2.05, 95% CI = −3.30–−0.80, p = 0.011), this advantage did not
influence UF occurrence.
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With regard to injury to surrounding structures, numerous organs may be susceptible
to harm during RAPN, including bowel injury (0.3–0.5%), pleural injury (0.6–12.9%),
splenic injury (0.5–4.3%), hepatobiliary injury (0.1–1.4%), pancreatic injury (0.2–2.1%),
and lymphatic injuries [30,32,35]. Klassen et al. noted a limitation in using ICG, where
toggling between white light and near-infrared fluorescence imaging resulted in a dark
intracorporeal field relative to the ICG-illuminated kidney, possibly increasing the risk of
iatrogenic injury to surrounding structures by the robotic surgeon [36]. Additionally, the
green color of ICG dye may cause margin clarity issues during mass excision. However,
our meta-analysis, comprising seven studies (185 cases with ICG and 296 cases without
ICG), indicates no significant difference in major perioperative complications related to
organ injury between the two groups (RR = 0.77, 95% CI = 0.32–1.82, p = 0.55). This may be
attributed to the enhanced precision control provided by the robotic system in experienced
hands, rendering it less reliant on ICG for improved tumor margin definition.

Regarding the prevention of complications, NIRF using ICG has been adopted as a
practical tool in open and laparoscopic partial nephrectomies for identifying anatomical
structures, aiding in devascularization verification, indicating resection margins, and
enhancing surgical planning [37]. However, its value in RAPN does not appear to provide
additional benefits based on our MA findings.

The principal objective of PN is to achieve oncological radicality, comparable to that of
radical nephrectomy, while enhancing functional outcomes with respect to renal function
preservation [2]. Preoperative renal function, warm ischemia time, and the volume of
preserved parenchyma have been identified as pivotal predictive factors for preserving
preoperative renal function [18]. Three primary factors contribute to the improvement in
eGFR preservation when employing ICG during RAPN:

(a) A reduced warm ischemia time is achieved through super-selective clamping, as ICG
enables precise identification of the arterial blood supply to the tumor [38].

(b) There is enhanced identification of the tumor’s location and margins due to differential
fluorescence characteristics between the mass and normal parenchyma, allowing for
the continuous marking of the lesion throughout the procedure [39].

(c) There can be direct evaluation of the ischemic effect on surrounding parenchyma after
renorrhaphy, which is another contributing factor to postoperative eGFR loss, and
this evaluation can be accomplished with a conventional intravenous injection of ICG
to confirm the absence of ischemic injury to healthy parenchyma [38,39].

In a retrospective analysis by Yang et al. [19], comparing 111 RAPN cases with 21
ICG–RAPN cases, early improved eGFR preservation was observed in the ICG group.
However, this trend was not sustained at the three-month follow-up, suggesting possible
compensation of the contralateral kidney and nephron recovery in the non-ICG group.

Evaluating the follow-up, our analysis did not show any significant difference between
IGC–RAPN and standard RAPN in tumor recurrence rates. Although Yang et al. [19]
reported a few cases of tumor recurrence in the non-ICG group, no statistical correlation
was established. Therefore, the use of ICG in RAPN has demonstrated excellent oncological
outcomes with minimal recurrence rates, but it has not yet proven its superiority over
standard RAPN. Although ICG enhances the visualization of tumor margins, particularly
for irregular outlines, this advantage does not translate into a noticeable difference in the
rate of positive surgical margins, as indicated by our meta-analysis. Furthermore, according
to Simone et al. [39], the presence of focal positive surgical margins does not necessarily
correlate with long-term recurrences. Long-term recurrences are more associated with
factors such as histology, staging, and grade. While ICG has proven valuable in identifying
tumor sites and vascularization, our data suggest that the high-resolution 3D imaging
provided by the robotic system, combined with precise dissection, remain the primary
determinants of functional outcomes in RAPN. Given the limited current publications in
this area, further studies are warranted to investigate these features in greater detail.

We have conducted a comprehensive meta-analysis, synthesizing a diverse body of
research studies that collectively provide substantial evidence supporting the intraoperative
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use of ICG during partial nephrectomy. Our findings unequivocally endorse the adoption
of ICG before tumor resection in the context of warm ischemia time and postoperative
eGFR, as long as this technique can maximize the preservation of healthy renal parenchyma
while minimizing hypoxic damage. Consequently, the clinical scenarios in which nephron-
sparing surgery is imperative, such as in cases of solitary kidney, multiple renal masses, or
chronic renal insufficiency, should also warrant the recommendation for the incorporation
of indocyanine green.

Conversely, oncological radicality remains unaffected, as demonstrated by positive
surgical margins and tumor recurrence. Indeed, the consistent application of an extremely
thin layer of healthy renal tissue during robotic tumor enucleation consistently achieves
negative surgical margins in the majority of patients, even when facing complete invasion
of the pseudocapsule [7].

Similarly, perioperative outcomes, including intraoperative blood loss, postoperative
complications, and postoperative hospital stay, were found to be independent of the use
of indocyanine green. Therefore, the inclusion of ICG does not necessarily guarantee an
improved safety profile.

Nevertheless, the current study is not devoid of limitations. Firstly, the majority
of the included papers are retrospective in nature, making them susceptible to inherent
biases. Secondly, there is significant heterogeneity in the approach to renal artery clamping
across the studies. Indeed, some studies employ a clampless technique, while others assess
super-selective clamping, and in yet others, the main renal artery is clamped. Thirdly, it
should be noted that in several studies, the nephrometry score was recorded as a nominal
variable rather than a continuous one. This approach thus precluded the ability to make a
meaningful comparison of the average complexity of renal masses between the two groups.

5. Conclusions

Our meta-analysis comprehensively evaluates the various facets of RAPN and NIRF.
Perioperatively, NIRF may aid in the precise delineation of non-tumor margins. However,
this does not necessarily translate into improved oncological outcomes, nor does it reduce
blood loss or perioperative complications. Nevertheless, from a functional standpoint, NIRF
significantly contributes to achieving a more accurate representation of renal functional
status through better measurement of eGFR. This functional enhancement is particularly
valuable in intricate surgeries that necessitate maximum renal preservation.

There is insufficient evidence to suggest that NIRF-assisted surgery can effectively
minimize recurrence or post-operative margins. Consequently, the therapeutic oncological
potential of NIRF in the context of RAPN remains uncertain.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers15235560/s1, Figure S1. PRISMA 2009 flow diagram;
Figure S2. Risk of bias of the included study (Rob2): (A) review authors’ judgments about each risk
of bias item presented as percentages across all included studies; (B) review authors’ judgments
about each risk of bias item for each included study; Figure S3. Risk of bias of the included study
(ROBINS-I): (A) review authors’ judgments about each risk of bias item presented as percentages
across all included studies; (B) review authors’ judgments about each risk of bias item for each
included study.

Author Contributions: Conceptualization, V.G.; methodology, D.C.; software, Y.X.T.L.; validation,
C.G., V.D.S. and C.N.; formal analysis, Y.X.T.L.; investigation, C.G., P.M.M., M.L.W., W.O.L.K. and
H.Y.T.; resources, A.B.G.; data curation, Y.X.T.L.; writing—original draft preparation, C.G., D.C.,
V.D.S., C.N., N.G., G.M.P., M.L.W., W.O.L.K. and V.G.; writing—review and editing, B.K.S. and A.B.G.;
supervision, C.G.; project administration, C.G. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

https://www.mdpi.com/article/10.3390/cancers15235560/s1
https://www.mdpi.com/article/10.3390/cancers15235560/s1


Cancers 2023, 15, 5560 14 of 15

Informed Consent Statement: Not applicable.

Data Availability Statement: The data will be provided by the corresponding author upon a reason-
able request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Ferlay, J.; Colombet, M.; Soerjomataram, I.; Dyba, T.; Randi, G.; Bettio, M.; Gavin, A.; Visser, O.; Bray, F. Cancer incidence and

mortality patterns in Europe: Estimates for 40 countries and 25 major cancers in 2018. Eur. J. Cancer 2018, 103, 356–387. [CrossRef]
[PubMed]

2. Ljungberg, B.; Albiges, L.; Abu-Ghanem, Y.; Bedke, J.; Capitanio, U.; Dabestani, S.; Fernández-Pello, S.; Giles, R.H.; Hofmann, F.;
Hora, M.; et al. European Association of Urology Guidelines on Renal Cell Carcinoma: The 2022 Update. Eur. Urol. 2022, 82,
399–410. [CrossRef] [PubMed]

3. Weight, C.J.; Larson, B.T.; Fergany, A.F.; Gao, T.; Lane, B.R.; Campbell, S.C.; Kaouk, J.H.; Klein, E.A.; Novick, A.C. Nephrectomy
Induced Chronic Renal Insufficiency is Associated With Increased Risk of Cardiovascular Death and Death From Any Cause in
Patients With Localized cT1b Renal Masses. J. Urol. 2010, 183, 1317–1323. [CrossRef] [PubMed]

4. Guerrero, E.R.; Claro, A.V.O.; Cepero, M.J.L.; Delgado, M.S.; Fernández, J.L.-O. Robotic versus Laparoscopic Partial Nephrectomy
in the New Era: Systematic Review. Cancers 2023, 15, 1793. [CrossRef] [PubMed]

5. Choi, J.E.; You, J.H.; Kim, D.K.; Rha, K.H.; Lee, S.H. Comparison of Perioperative Outcomes Between Robotic and Laparoscopic
Partial Nephrectomy: A Systematic Review and Meta-analysis. Eur. Urol. 2015, 67, 891–901. [CrossRef] [PubMed]

6. Ryan, S.T.; Patel, D.N.; Ghali, F.; Patel, S.H.; Sarkar, R.; Yim, K.; Eldefrawy, A.; Cotta, B.H.; Bradshaw, A.W.; Meagher, M.F.; et al.
Impact of positive surgical margins on survival after partial nephrectomy in localized kidney cancer: Analysis of the National
Cancer Database. Minerva Urol. Nephrol. 2021, 73, 233–244. [CrossRef] [PubMed]

7. Tobis, S.; Knopf, J.K.; Silvers, C.; Messing, E.; Yao, J.; Rashid, H.; Wu, G.; Golijanin, D. Robot-Assisted and Laparoscopic Partial
Nephrectomy with Near Infrared Fluorescence Imaging. J. Endourol. 2012, 26, 797–802. [CrossRef]

8. Gadus, L.; Kocarek, J.; Chmelik, F.; Matejkova, M.; Heracek, J. Robotic Partial Nephrectomy with Indocyanine Green Fluorescence
Navigation. Contrast Media Mol. Imaging 2020, 2020, 1287530. [CrossRef]

9. Golijanin, D.; Marshall, J.; Cardin, A.; Singer, E.; Wood, R.; Reeder, J.; Wu, G.; Yao, J.; Passamonti, S.; Messing, E. Bilitranslocase
(BTL) is immunolocalised in proximal and distal renal tubules and absent in renal cortical tumors accurately corresponding to
in-traoperative near infrared fluorescence (NIRF) expression of renal cortical tumors using intravenous indocyanine green (ICG).
J. Urol. 2008, 179, 137.

10. Tobis, S.; Knopf, J.; Silvers, C.; Yao, J.; Rashid, H.; Wu, G.; Golijanin, D. Near Infrared Fluorescence Imaging With Robotic Assisted
Laparoscopic Partial Nephrectomy: Initial Clinical Experience for Renal Cortical Tumors. J. Urol. 2011, 186, 47–52. [CrossRef]

11. Buffi, N.; Uleri, A.; Paciotti, M.; Lughezzani, G.; Casale, P.; Diana, P.; De Groote, R.; Sarchi, L.; Mottaran, A.; Bravi, C.; et al.
Techniques and outcomes of robot-assisted partial nephrectomy for the treatment of multiple ipsilateral renal masses. Minerva
Urol Nephrol. 2023, 75, 223–230. [CrossRef] [PubMed]

12. Borofsky, M.S.; Gill, I.S.; Hemal, A.K.; Marien, T.P.; Jayaratna, I.; Krane, L.S.; Stifelman, M.D. Near-infrared fluorescence imaging
to facilitate super-selective arterial clamping during zero-ischaemia robotic partial nephrectomy. BJU Int. 2012, 111, 604–610.
[CrossRef] [PubMed]

13. Harke, N.; Schoen, G.; Schiefelbein, F.; Heinrich, E. Selective clamping under the usage of near-infrared fluorescence imaging
with indocyanine green in robot-assisted partial nephrectomy: A single-surgeon matched-pair study. World J. Urol. 2014, 32,
1259–1265. [CrossRef]

14. Krane, L.S.; Manny, T.B.; Hemal, A.K. Is Near Infrared Fluorescence Imaging Using Indocyanine Green Dye Useful in Robotic
Partial Nephrectomy: A Prospective Comparative Study of 94 Patients. Urology 2012, 80, 110–118. [CrossRef] [PubMed]

15. Lanchon, C.; Arnoux, V.; Fiard, G.; Descotes, J.-L.; Rambeaud, J.-J.; Lefrancq, J.-B.; Poncet, D.; Terrier, N.; Overs, C.; Franquet, Q.;
et al. Super-selective robot-assisted partial nephrectomy using near-infrared flurorescence versus early-unclamping of the renal
artery: Results of a prospective matched-pair analysis. Int. Braz. J. Urol. 2018, 44, 53–62. [CrossRef]

16. Long, J.-A.; Fiard, G.; Giai, J.; Teyssier, Y.; Fontanell, A.; Overs, C.; Poncet, D.; Descotes, J.-L.; Rambeaud, J.-J.; Moreau-Gaudry, A.;
et al. Superselective Ischemia in Robotic Partial Nephrectomy Does Not Provide Better Long-term Renal Function than Renal
Artery Clamping in a Randomized Controlled Trial (EMERALD): Should We Take the Risk? Eur. Urol. Focus 2022, 8, 769–776.
[CrossRef] [PubMed]

17. Mattevi, D.; Luciani, L.G.; Mantovani, W.; Cai, T.; Chiodini, S.; Vattovani, V.; Puglisi, M.; Malossini, G. Fluorescence-guided
selective arterial clamping during RAPN provides better early functional outcomes based on renal scan compared to standard
clamping. J. Robot. Surg. 2019, 13, 391–396. [CrossRef]

18. McClintock, T.R.; Bjurlin, M.A.; Wysock, J.S.; Borofsky, M.S.; Marien, T.P.; Okoro, C.; Stifelman, M.D. Can Selective Arterial
Clamping With Fluorescence Imaging Preserve Kidney Function During Robotic Partial Nephrectomy? Urology 2014, 84, 327–334.
[CrossRef]

19. Yang, Y.-K.; Hsieh, M.-L.; Chen, S.-Y.; Liu, C.-Y.; Lin, P.-H.; Kan, H.-C.; Pang, S.-T.; Yu, K.-J. Clinical Benefits of Indocyanine Green
Fluorescence in Robot-Assisted Partial Nephrectomy. Cancers 2022, 14, 3032. [CrossRef]

https://doi.org/10.1016/j.ejca.2018.07.005
https://www.ncbi.nlm.nih.gov/pubmed/30100160
https://doi.org/10.1016/j.eururo.2022.03.006
https://www.ncbi.nlm.nih.gov/pubmed/35346519
https://doi.org/10.1016/j.juro.2009.12.030
https://www.ncbi.nlm.nih.gov/pubmed/20171688
https://doi.org/10.3390/cancers15061793
https://www.ncbi.nlm.nih.gov/pubmed/36980679
https://doi.org/10.1016/j.eururo.2014.12.028
https://www.ncbi.nlm.nih.gov/pubmed/25572825
https://doi.org/10.23736/S2724-6051.20.03728-5
https://www.ncbi.nlm.nih.gov/pubmed/32748614
https://doi.org/10.1089/end.2011.0604
https://doi.org/10.1155/2020/1287530
https://doi.org/10.1016/j.juro.2011.02.2701
https://doi.org/10.23736/S2724-6051.23.05161-3
https://www.ncbi.nlm.nih.gov/pubmed/36847584
https://doi.org/10.1111/j.1464-410X.2012.11490.x
https://www.ncbi.nlm.nih.gov/pubmed/23253629
https://doi.org/10.1007/s00345-013-1202-4
https://doi.org/10.1016/j.urology.2012.01.076
https://www.ncbi.nlm.nih.gov/pubmed/22607949
https://doi.org/10.1590/s1677-5538.ibju.2017.0311
https://doi.org/10.1016/j.euf.2021.04.009
https://www.ncbi.nlm.nih.gov/pubmed/33931361
https://doi.org/10.1007/s11701-018-0862-x
https://doi.org/10.1016/j.urology.2014.02.044
https://doi.org/10.3390/cancers14123032


Cancers 2023, 15, 5560 15 of 15

20. Thompson, R.H.; Lane, B.R.; Lohse, C.M.; Leibovich, B.C.; Fergany, A.; Frank, I.; Gill, I.S.; Blute, M.L.; Campbell, S.C. Every
Minute Counts When the Renal Hilum Is Clamped during Partial Nephrectomy. Eur. Urol. 2010, 58, 340–345. [CrossRef]

21. Kaczmarek, B.F.; Tanagho, Y.S.; Hillyer, S.P.; Mullins, J.K.; Diaz, M.; Trinh, Q.-D.; Bhayani, S.B.; Allaf, M.E.; Stifelman, M.D.;
Kaouk, J.H.; et al. Off-clamp Robot-assisted Partial Nephrectomy Preserves Renal Function: A Multi-institutional Propensity
Score Analysis. Eur. Urol. 2013, 64, 988–993. [CrossRef] [PubMed]

22. Antonelli, A.; Cindolo, L.; Sandri, M.; Veccia, A.; Annino, F.; Bertagna, F.; Carini, M.; Celia, A.; D’Orta, C.; De Concilio, B.; et al.
Is off-clamp robot-assisted partial nephrectomy beneficial for renal function? Data from the CLOCK trial. BJU Int. 2022, 129,
217–224. [CrossRef] [PubMed]

23. Lieberman, L.; Barod, R.; Dalela, D.; Diaz-Insua, M.; Abaza, R.; Adshead, J.; Ahlawat, R.; Challacombe, B.; Dasgupta, P.;
Gandaglia, G.; et al. Use of Main Renal Artery Clamping Predominates Over Minimal Clamping Techniques During Robotic
Partial Nephrectomy for Complex Tumors. J. Endourol. 2017, 31, 149–152. [CrossRef]

24. Peyronnet, B.; Baumert, H.; Mathieu, R.; Masson-Lecomte, A.; Grassano, Y.; Roumiguié, M.; Massoud, W.; El Fattah, V.A.; Bruyère,
F.; Droupy, S.; et al. Early unclamping technique during robot-assisted laparoscopic partial nephrectomy can minimise warm
ischaemia without increasing morbidity. BJU Int. 2014, 114, 741–747. [CrossRef] [PubMed]

25. Giulioni, C.; Maggi, M.; Pirola, G.M.; Martorana, E.; Cormio, A.; Teoh, J.Y.-C.; Gauhar, V.; Galosi, A.B.; Castellani, D. The current
evidence on surgical management for synchronous bilateral renal tumors: Results from a scoping review. World J. Urol. 2023, 41,
2107–2118. [CrossRef] [PubMed]

26. Veccia, A.; Antonelli, A.; Hampton, L.J.; Greco, F.; Perdonà, S.; Lima, E.; Hemal, A.K.; Derweesh, I.; Porpiglia, F.; Autorino,
R. Near-infrared Fluorescence Imaging with Indocyanine Green in Robot-assisted Partial Nephrectomy: Pooled Analysis of
Comparative Studies. Eur. Urol. Focus 2020, 6, 505–512. [CrossRef]

27. Giulioni, C.; Scarcella, S.; Di Biase, M.; Marconi, A.; Sortino, G.; Diambrini, M.; Giannubilo, W.; Castellani, D.; Ferrara, V. The
Role of Intraoperative Ultrasonography Associated with Clampless Technique in Three-Dimensional Retroperitoneoscopic
Laparoscopic Enucleation of Completely Endophytic Renal Tumors. J. Laparoendosc. Adv. Surg. Tech. 2022, 32, 987–991. [CrossRef]

28. De Backer, P.; Vermijs, S.; Van Praet, C.; De Visschere, P.; Vandenbulcke, S.; Mottaran, A.; Bravi, C.A.; Berquin, C.; Lambert, E.;
Dautricourt, S.; et al. A Novel Three-dimensional Planning Tool for Selective Clamping During Partial Nephrectomy: Validation
of a Perfusion Zone Algorithm. Eur. Urol. 2023, 83, 413–421. [CrossRef]

29. Piramide, F.; Kowalewski, K.-F.; Cacciamani, G.; Belenchon, I.R.; Taratkin, M.; Carbonara, U.; Marchioni, M.; De Groote, R.;
Knipper, S.; Pecoraro, A.; et al. Three-dimensional Model–assisted Minimally Invasive Partial Nephrectomy: A Systematic
Review with Meta-analysis of Comparative Studies. Eur. Urol. Oncol. 2022, 5, 640–650. [CrossRef]

30. Tanagho, Y.S.; Kaouk, J.H.; Allaf, M.E.; Rogers, C.G.; Stifelman, M.D.; Kaczmarek, B.F.; Hillyer, S.P.; Mullins, J.K.; Chiu, Y.;
Bhayani, S.B. Perioperative Complications of Robot-assisted Partial Nephrectomy: Analysis of 886 Patients at 5 United States
Centers. Urology 2013, 81, 573–580. [CrossRef]

31. Ferroni, M.C.; Sentell, K.; Abaza, R. Current Role and Indications for the Use of Indocyanine Green in Robot-assisted Urologic
Surgery. Eur. Urol. Focus 2018, 4, 648–651. [CrossRef] [PubMed]

32. Kundu, S.D.; Thompson, R.H.; Kallingal, G.J.; Cambareri, G.; Russo, P. Urinary fistulae after partial nephrectomy. BJU Int. 2010,
106, 1042–1044. [CrossRef] [PubMed]

33. Stephenson, A.J.; Hakimi, A.A.; Snyder, M.E.; Russo, P. Complications of Radical and Partial Nephrectomy in a Large Contempo-
rary Cohort. J. Urol. 2004, 171, 130–134. [CrossRef] [PubMed]

34. Gill, I.S.; Kavoussi, L.R.; Lane, B.R.; Blute, M.L.; Babineau, D.; Colombo, J.R.; Frank, I.; Permpongkosol, S.; Weight, C.J.; Kaouk,
J.H.; et al. Comparison of 1,800 Laparoscopic and Open Partial Nephrectomies for Single Renal Tumors. J. Urol. 2007, 178, 41–46.
[CrossRef] [PubMed]

35. Chandrasekar, T.; Boorjian, S.A.; Capitanio, U.; Gershman, B.; Mir, M.C.; Kutikov, A. Collaborative Review: Factors Influencing
Treatment Decisions for Patients with a Localized Solid Renal Mass. Eur. Urol. 2021, 80, 575–588. [CrossRef]

36. Klaassen, Z.; Li, Q.; Madi, R.; Terris, M.K. The Role of Indocyanine Green for Robotic Partial Nephrectomy: Early Results,
Limitations and Future Directions. Robotics 2014, 3, 281–288. [CrossRef]

37. Pandey, A.; Dell’Oglio, P.; Mazzone, E.; Mottrie, A.; De, N.G. Usefulness of the indocyanine green (icg) immunofluorescence in
laparoscopic and robotic partial nephrectomy. Arch. Esp. De Urol. 2019, 72, 723–728.

38. Diana, P.; Buffi, N.M.; Lughezzani, G.; Dell’oglio, P.; Mazzone, E.; Porter, J.; Mottrie, A. The Role of Intraoperative Indocyanine
Green in Robot-assisted Partial Nephrectomy: Results from a Large, Multi-institutional Series. Eur. Urol. 2020, 78, 743–749.
[CrossRef] [PubMed]

39. Simone, G.; Tuderti, G.; Anceschi, U.; Ferriero, M.; Costantini, M.; Minisola, F.; Vallati, G.; Pizzi, G.; Guaglianone, S.; Misuraca, L.;
et al. “Ride the Green Light”: Indocyanine Green–marked Off-clamp Robotic Partial Nephrectomy for Totally Endophytic Renal
Masses. Eur. Urol. 2019, 75, 1008–1014. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.eururo.2010.05.047
https://doi.org/10.1016/j.eururo.2012.10.009
https://www.ncbi.nlm.nih.gov/pubmed/23122834
https://doi.org/10.1111/bju.15503
https://www.ncbi.nlm.nih.gov/pubmed/34086393
https://doi.org/10.1089/end.2016.0678
https://doi.org/10.1111/bju.12766
https://www.ncbi.nlm.nih.gov/pubmed/24690155
https://doi.org/10.1007/s00345-023-04503-y
https://www.ncbi.nlm.nih.gov/pubmed/37405465
https://doi.org/10.1016/j.euf.2019.03.005
https://doi.org/10.1089/lap.2022.0033
https://doi.org/10.1016/j.eururo.2023.01.003
https://doi.org/10.1016/j.euo.2022.09.003
https://doi.org/10.1016/j.urology.2012.10.067
https://doi.org/10.1016/j.euf.2018.07.009
https://www.ncbi.nlm.nih.gov/pubmed/30131283
https://doi.org/10.1111/j.1464-410X.2010.09230.x
https://www.ncbi.nlm.nih.gov/pubmed/20230384
https://doi.org/10.1097/01.ju.0000101281.04634.13
https://www.ncbi.nlm.nih.gov/pubmed/14665860
https://doi.org/10.1016/j.juro.2007.03.038
https://www.ncbi.nlm.nih.gov/pubmed/17574056
https://doi.org/10.1016/j.eururo.2021.01.021
https://doi.org/10.3390/robotics3030281
https://doi.org/10.1016/j.eururo.2020.05.040
https://www.ncbi.nlm.nih.gov/pubmed/32553617
https://doi.org/10.1016/j.eururo.2018.09.015

	Introduction 
	Materials and Methods 
	Literature Search 
	Selection Criteria 
	Study Screening and Selection 
	Statistical Analysis 

	Results 
	Literature Screening 
	Study Characteristics 
	Risk of Bias Assessment 
	Perioperative Outcomes 
	Warm Ischemia Time 
	Surgical Time 
	Intraoperative Blood Loss 
	Postoperative Estimated Glomerular Filtration Rate 
	Postoperative Stay 

	Postoperative Complications 
	Overall Complications 
	Major Complications 
	Minor Complications 
	Urinary Fistula Rate 
	Blood Transfusion Rate 

	Oncological Outcomes 
	Positive Surgical Margins 
	Renal Tumor Recurrence 


	Discussion 
	Conclusions 
	References

