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1  |   INTRODUCTION

Due to the increasingly wide application of imaging diag-
nosis, the detection of renal masses increased dramatically 

over the past few decades.1 There were an estimated new 
300,000 cases of renal cell carcinoma (RCC) worldwide in 
2016.2 Companied with this trend, both theoretical and tech-
nical advancement have been made in kidney surgery. Partial 
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Abstract
Purpose: To systematically assess the perioperative outcomes of retroperitoneal (RP) 
and transperitoneal (TP) approaches in robot-assisted partial nephrectomy (RAPN), 
we conducted an updated meta-analysis.
Methods: A literature retrieval of multi-database including PubMed, Web of Science, 
Embase, Cochrane Library, and CNKI was performed to identify eligible comparative 
studies from the inception dates to January 2021. Perioperative outcomes included 
operative time (OT), estimated blood loss (EBL), warm ischemia time (WIT), post-
operative length of stay (PLOS), positive surgical margin (PSM), and complications 
(major complications and overall complications). Outcomes of data were pooled and 
analyzed with Review Manager 5.4.1.
Results: Twenty-one studies involving a total of 2482 RP and 3423 TP approach 
RAPN patients met the inclusion criteria. Operating time (OT) (weighted mean dif-
ference [WMD] −16.60; 95% confidence interval [CI] −23.08, −10.12; p < 0.01) 
and PLOS (WMD −0.46 days; 95% CI −0.69, −0.23; p < 0.01) were shorter in RP-
RAPN. Besides, lower EBL (WMD −21.67; 95% CI −29.74, −13.60; p < 0.05) was 
also found in RP-RAPN. Meanwhile, no significant differences were found in other 
outcomes.
Conclusions: RP-RARN was superior to TP-RAPN in patients undergoing RAPN in 
terms of OT, PLOS, and estimated blood loss. Besides these two approaches have no 
significant differences in PSMs or perioperative complications.
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nephrectomy (PN) has become an ideal method for most 
RCC, which is associated with superior perioperative out-
comes compared to patients undergoing radical nephrectomy 
(RN). With the improvement of minimally invasive technol-
ogy, the prevalence of robot-assisted PN (RAPN) is growing. 
Three-dimensional (3D) magnification view, flexible wristed 
instruments, and stable cameras make RAPN easier, thus im-
proving perioperative outcomes compared to traditional open 
PN.3

RAPN can be performed with transperitoneal (TP) or ret-
roperitoneal (RP) approach, and each of them has its own 
advantages and limitations. The increased working space 
provided by the TP approach allowed adequate manipulat-
ing space of the devices, thus decreasing external robotic 
arm conflict. Conversely, RP approach is performed in the 
small space of retroperitoneum cavity; therefore, the RP ap-
proach tends to be associated with a steeper learning curve.4 
Nevertheless, there are several potential advantages of the 
RP approach such as the decreased gastrointestinal morbidity 
and urine leaks outside of the peritoneum.

Until now, the optimal approach for treating renal masses 
remains controversial. Therefore, it is necessary to perform 
a meta-analysis to systematically compare noteworthy out-
comes of two surgical approaches, providing high-quality 
medical evidence for the selection of surgical approaches.

2  |   METHODS

2.1  |  Search strategy and inclusion/exclusion 
criteria

The design of this systematic review was published on the 
PROSPERO register (https://www.crd.york.ac.uk/PROSP​
ERO/#mypro​spero ID: CRD42021232640). A literature re-
trieval of multi-database including PubMed, Web of Science, 
Embase, Cochrane Library, and CNKI was performed until 
January 2021. The search terms were as follows: “robot,” 
“robotic,” “robot-assisted,” “robotic-assisted,” “da Vinci,” 
and “partial nephrectomy.” No language restriction was 
used. The reference list of eligible studies and reviewed con-
ference records were also retrieved. Two reviewers indepen-
dently evaluated all the included studies, and any differences 
were resolved by consensus.

The inclusion criteria were as follows: (1) a randomized 
controlled trial or retrospective comparative study or case–
control study design; (2) the literature compared RP-RAPN 
with TP-RAPN; (3) studies performed in adults diagnosed 
with RCC; and (4) including at least one perioperative out-
come such as operating time (OT), estimated blood loss 
(EBL), warm ischemia time (WIT), postoperative length of 
stay (PLOS), positive surgical margin (PSM), and complica-
tion rate. The exclusion criteria were as follows: (1) studies 

failing to satisfy the inclusion criteria; (2) pediatric patient 
population; and (3) articles with unavailable results.

2.2  |  Study selection and data extraction

Two reviewers (J. Z. and Z-H. L.) extracted data from the in-
cluded studies via reading full-text articles, respectively. The 
disagreement was resolved by discussion until consensus 
was reached. Twenty-one studies4-18 published from 2013 to 
2021 were included in the meta-analysis. The following data 
were pooled from eligible studies: first author, publication 
date, study type, surgical procedure, number of patients, age, 
body mass index, tumor size, follow-up time, and outcome 
measures (including OT, EBL, WIT, PLOS, overall com-
plications, and major complications). Continuous variables 
presented as median and interquartile range were converted 
into mean ± standard deviation according to the methodol-
ogy described by Hozo et al.11

2.3  |  Risk of bias assessments

The Risk of Bias in Non-Randomized Studies—of 
Interventions (ROBINS-I) tool was applied to assess the pub-
lication bias by two reviewers independently.19 Confounding 
bias, selection bias, bias in measurement classification of 
interventions, bias due to deviations from intended inter-
ventions, bias due to missing data, bias in measurement of 
outcomes, and bias in selection of the reported result were 
included in this tool. Due to the non-randomized design of 
all the studies, they were rated high risk of bias for detection 
and performance.

2.4  |  Quality assessment of studies

The quality of all included studies was evaluated according 
to the Newcastle–Ottawa Scale (NOS) independently by two 
reviewers.20 Three aspects were included in the assessment 
of quality: outcome indicators, study group selection, and 
comparability between groups: 0–2 points for each item, and 
the full score is 9 points. Studies achieving a score of 7 or 
more were considered to be of high quality. Besides, the level 
of evidence for studies included was evaluated based on the 
criteria published by the Oxford Evidence-based Medicine 
Center.6

2.5  |  Data analysis

Review Manager Version 5.4.1 (The Cochrane Collaboration) 
was applied in this study according to the Quality of 

https://www.crd.york.ac.uk/PROSPERO/#myprospero
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Reporting of Meta-analyses (QUOROM) guidelines of the 
Cochrane Collaboration.21 Continuous and dichotomous 
variables were compared via the weighted mean differences 
(WMDs) and odds ratios (ORs) with 95% confidence inter-
vals (CIs), respectively. Statistical heterogeneity was as-
sessed using the chi-squared test, and a p value of < 0.05 was 
considered to indicate statistical significance. The I2 statis-
tic was used to appraise the quantity of heterogeneity. The 
random-effects (RE) model was used to pool the outcomes 
of studies with high heterogeneity (p < 0.05,I2 > 50) among 
studies. Otherwise, the fixed-effects (FE) model was used.22

3  |   RESULTS

3.1  |  Characteristics of included studies

The process of literature selection is described in the flow-
chart (Figure 1). Finally, we identified 1323 articles after the 
initial database search. After screening, 21 studies4-18 includ-
ing 5905 patients (TP-RAPN: 2482 patients; RP-RAPN: 3423 
patients) were eligible for the analysis. All included studies 
were retrospective studies and were published between 2013 

and 2021. The characteristics and the quality evaluation of all 
the included studies are presented in Tables 1 and 2, respec-
tively, and studies with scores ≥7 were of high quality.

3.2  |  Operating time

OT data were extracted from 17 studies,4,5,7,8,13-18,23-29 total-
ing 4091 patients (1576 RP-RAPN vs. 2515 TP-RAPN). The 
pooled analysis suggested significant differences for OT be-
tween RP-RAPN and TP-RAPN (FE model: WMD −16.60; 
95% CI −23.08, −10.12; p  <  0.01; I2  =  85%), albeit at a 
greater heterogeneity (Figure 2A).

3.3  |  Warm ischemia time

Sixteen articles with 3878 patients4,5,7,8,14-18,23-29 were ana-
lyzed in the study (1460 RP-RAPN vs. 2418 TP-RAPN). A 
random model was used for analysis because there was a high 
degree of heterogeneity (I2 = 60%). There was no statistical 
difference in WIT across the two approaches (WMD −0.63; 
95% CI −1.30, 0.04; p < 0.05) (Figure 2B).

F I G U R E  1   Flowchart diagram of 
literature search
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3.4  |  Estimated blood loss

Sixteen articles4,5,7,8,13-18,23-28 were included in our study, in-
cluding 3951 patients: 1509 underwent RP-RAPN, and 2442 
underwent TP-RAPN. For there is high heterogeneity ex-
isted, an RE model was used (I2 = 74%). The pooled outcome 
suggested that EBL in the RP-RAPN group was similar to 
that in the TP-RAPN group (WMD −21.67; 95% CI −29.74, 
−13.60; p < 0.05) (Figure 2C).

3.5  |  Postoperative length of hospital stay

PLOS data were extracted from seven studies.14-17,23,24,26 
There are 1686 patients in total with 690 RP-RAPN patients 
and 996 TP-RAPN patients. A random model was applied 
in analysis since there was a high degree of heterogeneity 
(I2 = 83%). There was statistically significant difference in 

PLOS between the two approaches (WMD −0.46; 95% CI 
−0.69, −0.23; p < 0.05) (Figure 3A).

3.6  |  Positive surgical margin

There was a total of 5777 patients (2048 RP-RAPN vs. 
3369 TP-RAPN) analyzed in 18 studies.4,5,7,8,10,12,14-18,23-30 
Our study demonstrated that there was no significant differ-
ence between RP-RARN and TP-RAPN (FE model: odds 
ratio [OR] 1.22; 95% CI 0.77, 1.93; p  =  0.40; I2  =  14%) 
(Figure 3B).

3.7  |  Major complication

Sixteen studies were included with a total number of 4072 pa-
tients (1583 RP-RAPN vs. 2489 TP-RAPN). A fixed model 

T A B L E  1   Baseline characteristics of included studies

Author (year) Design

No. of 
patients Age BMI (kg/m2)

Mean tumor 
size (cm)

Mean 
R.E.N.A.L. 
score

TP RP TP RP TP RP TP RP TP RP

Hughes-Hallett et al. 
(2013)

Retrospective 59 44 60.5 63.3 NA 3.07 2.84 5.5 5.5

Tanaka et al. (2013) Retrospective 16 10 70 60.5 22.7 23.2 3.4 2.2 7.4 6.1

Gin et al. (2014) Retrospective 85 55 60 60 NA NA 8.0 7.0

Choo et al. (2014) Retrospective 43 43 40.0 53.0 24.5 24.3 2.7 2.8 NA

Kim et al. (2015) Retrospective 97 116 58.2 57.2 NA 2.54 2.48 8 8

Tang et al. (2015) Retrospective 49 33 53.2 52.7 21.6 22.2 2.7 2.8 7.1 6.6

Xia et al. (2016) Retrospective 44 59 52.1 51.0 NSD 3.8 3.3 NA

Maurice et al. (2017) Retrospective 296 74 59 60 29.4 30.0 2.5 2.4 7 7

Stroup et al. (2017) Retrospective 263 141 58.0 59.3 28.6 29.8 3.1 2.9 NA

Arora et al. (2018) Retrospective 394 99 61 61 27.4 29.0 3.4 2.9 NA

Laviana et al. (2018) Retrospective 78 78 NSD NSD NSD NSD

Dell'Oglio et al. (2019) Retrospective 384 384 NSD NSD NSD NSD

Mittakanti et al. (2019) Retrospective 166 166 60 60 30.3 29.7 3.3 3.1 5.6 5.7

Paulucci et al. (2019) Retrospective 357 162 59 61 29.7 28.6 3.0 2.9 7 7

Song et al. (2019) Retrospective 118 89 51.8 53.3 24.1 23.7 3.6 3.5 5.3 5.2

Tai et al. (2019) Retrospective 102 121 57.5 59.8 22.6 23.2 4.3 3.9 7.9 8.4

Abaza et al. (2019) Retrospective 107 30 56.3 54.1 32.7 30.6 3.5 3 7.2 7.2

Choi et al. (2020) Retrospective 310 213 51 50 25.2 25.0 2.9 2.8 7 7

Harke et al. (2020) Retrospective 176 176 62 63 27 27 NA NA

Kobari et al. (2020) Retrospective 56 65 60 59 25 24 29 27 NA

Takagi et al. (2020) Retrospective 48 48 55 55 25 24 3.1 3.0 NA

Abbreviations: NA, data not available; NSD, no significant difference between the two groups; RP, retroperitoneal; TP, transperitoneal.
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was used for analysis as there was a low degree of heterogene-
ity (I2 = 0%). There was no statistically significant difference 
in ≥Clavien 3a complication rates across the two approaches 
(FE model: OR 0.98; 95% CI 0.67, 1.44; p = 0.45) (Figure 4A).

3.8  |  Overall complication

Overall complication rate data were extracted from 18 
studies.13-17,23-26 There are 4499 patients in total with 1692 RP-
RAPN patients and 2807 TP-RAPN patients. A fixed model 
was used for analysis as there was a low degree of heterogene-
ity (I2 = 6%). There were no significant differences between the 
two groups regarding overall complication rate (FE model: OR 
1.10; 95% CI 0.89, 1.35; p = 0.38) (Figure 4B).

4  |   DISCUSSION

Minimally invasive PN has traditionally been performed 
with TP-RAPN. However, in recent years, RP-RAPN has 
been emerged with the advantages of avoiding violation to 

abdominal organs and so on. The advantages of these two 
surgical approaches are debatable. From 2019 and 2020, there 
have been several new high-quality clinical studies compar-
ing these two surgical approaches in different countries all 
over the world, which in one hand suggested that many ques-
tions are still controversial and confirmed the importance of 
our meta-analysis in the other hand. To the best of our knowl-
edge, this is the most up-to-date and comprehensive meta-
analysis of reported comparative outcomes of RP-RAPN 
versus TP-RAPN. In the present meta-analysis, our results 
showed that RP-RAPN has non-inferior and comparable out-
comes with TP-RAPN in WIT, PSM, overall complication 
rate, and major complication rate. Nevertheless, the findings 
also indicate that in terms of OT, PLOS, and EBL, RP-RAPN 
appears to offer significant superiority over TP-RAPN. Both 
transperitoneal and retroperitoneal approaches were applica-
ble in RAPN; however, no recommendations were provided 
in current urological guidelines nowadays, which makes the 
decision on the surgical approach difficult.1

In our meta-analysis, OT in RP-RAPN was significantly 
shorter than that in TP-RAPN. It is widely acknowledged 
that TP approach has a large operative space and there is no 

T A B L E  2   Quality assessment of included studies

Study

Selection Comparability Exposure

Total pointsREC SNEC AE DO SC AF AO FU AFU

Hughes-Hallett et al. (2013) 1 1 1 1 1 1 1 7

Tanaka et al. (2013) 1 1 1 1 1 1 1 7

Gin et al. (2014) 1 1 1 1 1 1 1 7

Choo et al. (2014) 1 1 1 1 1 1 1 1 8

Kim et al. (2015) 1 1 1 1 1 1 1 7

Tang et al. (2015) 1 1 1 1 1 1 1 7

Xia et al. (2016) 1 1 1 1 1 1 1 7

Maurice et al. (2017) 1 1 1 1 1 1 1 1 8

Stroup et al. (2017) 1 1 1 1 1 1 1 7

Arora et al. (2018) 1 1 1 1 1 1 1 1 8

Laviana et al. (2018) 1 1 1 1 1 1 1 7

Dell'Oglio et al. (2019) 1 1 1 1 1 1 1 7

Mittakanti et al. (2019) 1 1 1 1 1 1 1 7

Paulucci et al. (2019) 1 1 1 1 1 1 1 7

Song et al. (2019) 1 1 1 1 1 1 1 1 8

Tai et al. (2019) 1 1 1 1 1 1 1 7

Abaza et al. (2019) 1 1 1 1 1 1 6

Choi et al. (2020) 1 1 1 1 1 1 1 7

Harke et al. (2020) 1 1 1 1 1 1 1 7

Kobari et al. (2020) 1 1 1 1 1 1 1 7

Takagi et al. (2020) 1 1 1 1 1 1 1 7

Abbreviations: AE, ascertainment of exposure; AF, study controls for other important factors; AFU, adequacy of follow-up of cohort (≥80%); AO, assessment of 
outcome; DO, demonstration that outcome of interest was not present at start of study; FU, follow-up long enough for outcomes to occur (“long enough” is defined as 
1 year); REC, representativeness of the cohort; SC, study control most important factors; SNEC, selection of the non-posed cohort.
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F I G U R E  2   Forest plots of perioperative outcomes: (A) operating time, (B) warm ischemia time, and (C) estimated blood loss
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need to protect the integrity of the peritoneum, which may 
significantly shorten the OT, the extreme flexibility of robot-
assisted laparoscopic surgery system offset the technical 
challenges caused by the narrow working space. According 
to Ge et al.,31 TP-RAPN was more likely applied in patients 
with complex and larger tumors due to the larger working 
space and obvious anatomy structure, which makes it easier 
to deal with the renal hilum and tumor. Besides, RP-RAPN 
can reach the renal hilum more easily, which means less ma-
nipulation and shorter OT. All these advantages of RP-RAPN 
may explain our finding that the EBL in RP-RAPN is sig-
nificantly lower compared to TP-RAPN in our study with a 
WMD of 21 ml.

The PLOS in RP-RAPN was also significantly shorter 
compared to TP-RAPN in our meta-analysis. Shorter length 
of PLOS was correlated to earlier return of oral intake and 
bowel function and less postoperative complications. Without 

the interruption of peritoneum and abdominal organs, RP-
RAPN has a better protection of the intraperitoneal organs 
from hematoma and urine leaks, consequently fastening 
the postoperative recovery of bowel. This is in accordance 
with our finding that the recovery of bowel movement in 
RP-RAPN was significantly shorter compared to TP-RAPN. 
However, all the four studies was conducted in China, and 
this may lead to selection bias.

In our study, no significant statistical differences were 
found between these two surgical approaches in overall com-
plication rate and major complication rate. Dell'Oglio et al.30 
found a statistically significant difference in postoperative 
eGFR, while no difference was found in two groups in 1-year 
follow-up. Takagi et al.26 reported no difference in postoper-
ative eGFR change in early or 6 months after surgeries. So 
there is no evidence supporting that statically difference of 
eGFR change existed between these two surgical approaches. 

F I G U R E  3   Forest plots of perioperative outcomes: (A) length of postoperative stay and (B) positive surgical margin
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In a previous study, Ge et al.31 considered that meta-analysis 
is not suitable for eGFR due to the paucity of studies report-
ing this outcome. However, we have found several studies 
including perioperative and follow-up renal function. In our 
opinion, we are not able to compare the influence on postop-
erative eGFR because of the inconsistency in the outcomes 
and the variation in the length of follow-up among studies. 
Herein, we propose that authors should measure renal func-
tion in an identical way in the future.

Until January 2021, we have not found any prospec-
tive randomized double-blind clinical trials. Nearly all the 
studies we included were retrospective. In a previous study, 

Zhu et al.32 included two studies solely concentrating on 
the posterior tumors,8,13 and all the results including OT, 
EBL, and PLOS were consistent with our study. However, 
tumor location was not the only factor influenced surgeon's 
choice. Tumor size and proficiency may influence sur-
geon's subjective assessment of surgical approaches as well. 
Seven studies try to counterbalance the selection bias by 
utilizing propensity score matching, which is widely used 
nowadays in retrospective studies.8,9,15,17,18,26,30 Although 
Gin et al.9 have applied the propensity score matching, we 
are not able to obtain any available data from their study. 
Zhu et al.32 preferred to include comparative studies with 

F I G U R E  4   plots of perioperative outcomes: (A) major complication rate and (B) overall complication rate
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matched design and studies with similar baseline charac-
teristics, which is a great inspiration to us. By subgroup 
analysis of all the studies using propensity score match-
ing and studies concentrating solely on posterior tumor 
or lateral tumor, we found no significant difference com-
pared to our presented results (OT [WMD −18.33; 95% CI 
−28.05, −8.62; p < 0.01]; PLOS [WMD −0.51 days; 95% 
CI −0.77, −0.22; p < 0.01]; and EBL [WMD −20.31; 95% 
CI −34.07, −6.54; p < 0.05]).

In conclusion, the study demonstrated that RP-RAPN 
was not superior to TP-RAPN in terms of perioperative 
outcomes. However, more detailed guidelines aiming on 
the recommendation of surgical approach based on the 
characteristics of tumor are crucial. Before establishing 
clinical recommendations, more high-quality prospective 
large-scale randomized controlled trials with long-term 
follow-up are essential. In the case that urologists lack 
widely acknowledged guidelines, more recommendations 
on the selection of surgical approaches according to the 
characteristic of tumor (radius, location, and renal scores) 
should be presented in the future.
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