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Background: To compare perioperative, functional and oncological outcomes between
transperitoneal robotic partial nephrectomy (TRPN) and retroperitoneal robotic partial
nephrectomy (RRPN).

Methods: A literature searching of Pubmed, Embase, Cochrane Library and Web of
Science was performed in August, 2020. Pooled odds ratios (ORs) or weighted mean
differences (WMDs) with 95% confidence intervals (CIs) were estimated using fixed-effect
or random-effect model. Publication bias was evaluated with funnel plots. Only
comparative studies with matched design or similar baseline characteristics were
included.

Results: Eleven studies embracing 2,984 patients were included. There was no
significant difference between the two groups regarding conversion to open (P = 0.44)
or radical (P = 0.31) surgery, all complications (P = 0.06), major complications (P = 0.07),
warm ischemia time (P = 0.73), positive surgical margin (P = 0.87), decline in eGFR (P =
0.42), CKD upstaging (P = 0.72), and total recurrence (P = 0.66). Patients undergoing
TRPN had a significant higher minor complications (P = 0.04; OR: 1.39; 95% CI, 1.01–
1.91), longer operative time (P < 0.001; WMD: 21.68; 95% CI, 11.61 to 31.76), more
estimated blood loss (EBL, P = 0.002; WMD: 40.94; 95% CI, 14.87 to 67.01), longer
length of hospital stay (LOS, P < 0.001; WMD: 0.86; 95% CI, 0.35 to 1.37). No obvious
publication bias was identified.

Conclusion: RRPN is more favorable than TRPN in terms of less minor complications,
shorter operative time, less EBL, and shorter LOS. Methodological limitations of the
included studies should be considered while interpreting these results.
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INTRODUCTION

Partial nephrectomy (PN) is suggested to be the standard
management for renal tumor smaller than 4 cm. With the
development of techniques, PN for large or complex renal tumors
becomes more and more common. According to guidelines, PN is
also recommended for T1b masses when technique feasible (1, 2).
Due to the superior perioperative results and non-inferior
oncological outcomes, evolution has progressed from open PN to
minimally invasive partial nephrectomy including laparoscopic
PN (LPN) and robotic PN (RPN) (3). Nevertheless, compared to
the OPN, the longer warm ischemia time (WIT) and difficulties in
tumor excision and suturing remain obstacles to the adoption of
LPN. Because of the obvious advantages in instruments, robotic
surgical system can be considered as the enhanced laparoscopy,
which makes the challenging LPN procedures become easier and
safer. Due to shorter length of hospital stay (LOS) andWIT, lower
rate of conversion to radical surgery, better functional reservation
(4), RPN has been increasingly adopted over LPN (5).

Just like laparoscopy, most early RPNswere performed through
the transperitoneal approach (6). The increased space through
the abdominal approach allows the arm to be spaced sufficiently
to reduce external conflicts. Moreover, since being more familiar
with anatomic landmarks in the abdominal cavity, most surgeons
were prone to choose transperitoneal RPN. However, accessing
posterior or lateral renal masses transperitoneally can be more
difficult and needs more time and skillful technique (6).
Furthermore, the transperitoneal approach may enhance the risk
of intestinal damage, especially in patients who had history of
abdominal surgery, and may lead to more pneumoperitoneal-
related pain or a greater risk of intestinal obstruction (7). Hence,
in some cases, the retroperitoneal approach can be a good
alternative approach to RPN.

ForRPN,bothtransperitonealandretroperitonealapproacheshave
been well described and standardized. Since its the advantages and
disadvantages of both approaches are being carefully examined, a
debate isunderwaytodetermine their role. Several comparative studies
have compared these two surgical approaches, andhave reported some
inconsistent results. Three systematic reviews andmeta-analyses have
compared the perioperative outcomes between transperitoneal and
retroperitonealRPN(8–10).However, new studieswithmore rigorous
design have published recently, and non-comparable baseline
characteristics may affect the results. Hence, we performed an update
systematic review and meta-analysis about this topic. The
perioperative, functional, and oncological results have been
compared, and we only included comparative studies with matched
design or similar baseline characteristics.
MATERIALS AND METHODS

The protocol of our study was registered in PROSPERO
(No. CRD42020159718).

Literature Search
Relevant studies were obtained by searching Pubmed, Embase,
Cochrane Library and Web of Science in August, 2020 with no
Frontiers in Oncology | www.frontiersin.org 2
restriction to language. We used the search terms integrated
subject relevant terms (kidney cancer, renal cell carcinoma,
kidney or renal neoplasm, renal tumor) and intervention terms
(robotic or robot-assisted, partial nephrectomy, nephron sparing
surgery or operation, transperitoneal, retroperitoneal). Screening
references of related literatures were also performed to identify
potential missing studies.

Inclusion and Exclusion Criteria
The primary inclusion criteria were studies that compared
perioperative, functional and oncological results between
transperitoneal robotic partial nephrectomy (TRPN) and
retroperitoneal robotic partial nephrectomy (RRPN). Additional
items of inclusion criteria included: (1) all patients were diagnosed
with localized renal tumor; (2) comparative studies with matched
design or similar baseline characteristics; (3) clear description of the
surgical technique as TRPN orRRPN; (4) assessment of at least one
of the outcomes of interest. When two or more studies were
reported by the same center and/or authors, the most recent and
comprehensive report was included.

The following exclusion criteria were applied: (1) not met the
inclusion criteria; (2) focusing on pediatric patients; (3) partial
nephrectomy only for benign tumor or solitary kidney; (4) non-
original literatures (eg, review articles, systematic reviews, meta-
analyses, letters, commentaries, abstract, thesis).

Data Extraction
This process was performed by two independent researchers;
disagreements were resolved by discussion. A predesigned form
was used; the variables included first author’ name, year of
publication, study design and setting, number of patients, mean
age, gender ratio, mean BMI, mean tumor size, mean RENAL
score, clinical T stage, follow-up duration, comparability, and
perioperative, functional and oncological outcomes of interest.

The Newcastle-Ottawa Scale (NOS) (11) and the Risk Of Bias
In Non-randomized Studies of Interventions (ROBINS-I) (12)
were used to evaluate the quality of included studies.

Outcomes of Interest
The following outcomes were applied to compare TRPN and
RRPN. Only the endpoints reported by two or more studies
were analyzed.

1. safety outcomes: conversion to open or radical surgery, total
complication rate, Clavien–Dindo grade 1–2 and 3–5
complication rates.

2. effectiveness outcomes: operative time, warm ischemia time
(WIT), estimated blood loss (EBL), length of hospital stay
(LOS), positive surgical margin (PSM) rate, decline in
estimated glomerular filtration rate (eGFR), chronic kidney
disease (CKD) upstaging, overall recurrence rate.

Statistical Analysis
Meta-analyses were conducted with ReviewManager v.5.3 (Oxford,
UK). The weighted mean difference (WMDs) and 95% confidence
intervals (CIs)were used for comparison of continuous variables. For
dichotomous variables, odds ratios (ORs) and 95% confidence
January 2021 | Volume 10 | Article 592193
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intervals (CIs) were applied for comparison. For literatures reporting
continuous variables as median and range or interquartile range, we
calculated themeans and standarddeviations (SDs)with theprevious
method (13). Statistical heterogeneity was evaluated by the chi-
squared test with significance set at P <0.1, and the I2 value was
used to estimate the quantity of heterogeneity. When significant
heterogeneity displayed (P < 0.1 or I2 > 50%), a random-effectmodel
was used for outcomes; otherwise, a fixed-effect model was applied.
When ten studies were included for outcomes, publication bias was
assessed with funnel plot.
RESULTS

Literature Search and Description of
Eligible Studies
The flow-chart of literature identification was shown in Figure 1.
Database searching retrieved 132 studies, ofwhich67were excluded
due to duplicates, 19 and 28 were respectively excluded due to
irrelevance based on title and abstract. Eighteen studies were
assessed for eligibility with full-text, of which three were excluded
due to non-comparable baseline characteristics, three were
excluded due to no reporting outcomes, and one was excluded
due to irrelevant patients. Lastly, 11 studies were included in the
meta-analysis (6, 7, 14–22).

Demographics of included studies were described in Table 1.
Three studies were prospective design, and eight studies were
retrospective design, six studies included multi-institution
Frontiers in Oncology | www.frontiersin.org 3
subjects, and five studies included single-center subjects. Among
the 1,715 patients undergoing TRPN, themean age ranged from 49
to 62. Among the 1,269 patients undergoing RRPN, the mean age
ranged from51 to61.All of themwere comparative studies; sixwere
performedwithpropensity scorematching,fivehad similarbaseline
characteristics. The NOS scores for all included studies were seven
or eight. All of the studies were classified as “moderate risk of bias”
(Table 2). Detailed quality assessment conducted by Robins-I was
shown in Supplementary Table S1. No significant differences were
identified in regard to baseline variables between the two groups,
including age, gender, BMI, tumor side and size, Charlson
comorbidity index, ASA score, RENAL nephrometry score,
tumor position, baseline eGFR, prior abdominal surgery (P > 0.05
for all) (Table 3).

Safety Outcomes
The safety outcomes were presented in Table 4 and Figure 2,
including conversion to open or radical surgery, and surgical
complications. There were no significant differences identified
between the two groups in regard to conversion to open surgery
(P = 0.44; OR: 1.84; 95% CI, 0.39–8.54), conversion to radical
surgery (P = 0.31; OR: 1.71; 95% CI, 0.61–4.82), all Clavien–Dindo
grade complications (P = 0.06; OR: 1.29; 95% CI, 0.99–1.69),
Clavien–Dindo grade 3–5 complications (P = 0.07; OR: 0.72; 95%
CI, 0.51–1.03). Patients undergoing RRPN had a lower rate of
Clavien–Dindo grade 1–2 complications (P = 0.04; OR: 1.39; 95%
CI, 1.01–1.91).Noobvious publication biaswas identifiedby funnel
plots for total and major complications (Figures 4A, B).
FIGURE 1 | Flow-chart of literature searching.
January 2021 | Volume 10 | Article 592193
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Effectiveness Outcomes
The effectiveness outcomes were presented in Table 5 and
Figure 3, including operative time, WIT, EBL, LOS, PSM rate,
decline in eGFR, CKD upstaging, and total recurrence rate. There
were no significant differences identified between TRPN and
RRPN in terms of WIT (P = 0.73; WMD: 0.17; 95% CI, −0.80 to
1.14), PSM rate (P = 0.87; OR: 1.04; 95% CI, 0.65–1.65), decline
in eGFR (P = 0.42; WMD: −1.44; 95% CI, −4.96 to 2.08), CKD
Frontiers in Oncology | www.frontiersin.org 4
upstaging (P = 0.72; OR: 1.07; 95% CI, 0.74–1.56), and total
recurrence rate (P = 0.66; OR: 0.50; 95% CI, 0.02–10.84). Patients
underwent TRPN had a longer operative time (P < 0.001; WMD:
21.68; 95%CI, 11.61 to 31.76), a more EBL (P = 0.002;WMD: 40.94;
95% CI, 14.87 to 67.01), a longer LOS (P < 0.001; WMD: 0.86; 95%
CI, 0.35 to 1.37). There were moderate to high inter-study
heterogeneity in operative time (I2 = 79%), EBL (I2 = 79%), LOS
(I2 = 95%), decline in eGFR (I2 = 67%), recurrence rate (I2 = 60%);
TABLE 2 | Comparability and risk of bias for included studies.

Study Clinical stage Follow up duration, months Comparability* NOS score ROBINS-I

TP RP

Takagi et al. (21) – – – 1, 2, 3, 6, 7, 8, 9, 10 7 Moderate
Paulucci et al. (14) T1 20.3 (9.6–23.8) 23.0 (6.3–40.3) 1, 2, 3, 4, 5, 7, 8, 9, 10 8 Moderate
Mittakanti et al. (6) – – – 1, 3, 5, 7, 8, 10 8 Moderate
Dell’ Oglio et al. (22) T1-T2 – – 1, 2, 4, 5, 7, 8, 9, 10 8 Moderate
Choi et al. (15) T1b-T2a 32.5 (24.4) 39.2 (21.7) 1, 2, 3, 4, 6, 7, 8, 9 7 Moderate
Abaza et al. (16) – – – 1, 2, 3, 4, 6, 7, 8, 11 7 Moderate
Laviana et al. (17) – 8.3 7.1 1, 2, 3, 4, 6, 8, 9, 10 8 Moderate
Stroup et al. (18) T1-T2 – – 1, 2, 3, 4, 7, 8, 10 7 Moderate
Maurice et al. (19) – 7.1 (0.5–24.0) 10.5 (2.6–24.9) 1, 2, 3, 4, 6, 7, 8, 9, 10 8 Moderate
Kim et al. (20) – – – 1, 2, 3, 4, 5, 7, 8, 9, 10, 11 7 Moderate
Hughes-Hallett et al. (7) – – – 1, 4, 7, 8 7 Moderate
January 2021
 | Volume 10 | Arti
TP, transperitoneal; RP, retroperitoneal; NOS, Newcastle-Ottawa Scale; ROBINS-I, Risk of Bias In Non-randomized Studies of Interventions.
*Comparability variables: 1 = age, 2 = gender, 3 = BMI, 4 = tumor side, 5 = Charlson comorbidity index, 6 = ASA score, 7 = tumor size, 8 = RENAL score, 9 = tumor position, 10 = baseline
eGFR, 11 = prior abdominal surgery.
TABLE 3 | Patients and tumor characteristics (transperitoneal versus retroperitoneal approach).

Variable No. of studies where data available Mean Difference/Odds ratio/Risk ratio 95% CI P value

Age, years 11 −0.03 −1.00, 0.94 0.95
Male gender, n 9 0.94 0.79, 1.11 0.45
BMI, kg/m2 7 0.11 −0.47, 0.69 0.70
Right-sided tumor, n 9 1.01 0.86, 1.18 0.94
Charlson comorbidity index 2 −0.04 −0.30, 0.22 0.77
Tumor size, cm 10 0.16 -0.05, 0.27 0.53
RENAL score 9 −0.07 −0.25, 0.11 0.42
Posterior/lateral location, n 7 0.96 0.67, 1.36 0.80
Baseline eGFR, mL/min/1.73m2 8 −0.68 −2.29, 0.93 0.41
Previous abdominal surgery, n 2 0.81 0.51, 1.28 0.36
cle
BMI, body mass index; eGFR, estimated glomerular filtration rate; CI, confidence interval.
TABLE 1 | Demographics of included studies.

Study Design No. of patients Mean age (years) Gender (male/female) Mean BMI
(kg/m2)

Mean tumor size (cm) Mean RENAL score

TP RP TP RP TP RP TP RP TP RP TP RP

Takagi et al. (21) Retro, SC 48 48 55 55 36/12 32/16 25 24 3.1 3 – –

Paulucci et al. (14) Pro, MI 157 157 60 61 97/60 103/54 29.4 29.2 3.1 3.1 7 7
Mittakanti et al. (6) Retro, SC 166 166 60 60 – – 30.3 29.7 3.3 3.1 6 6
Dell’ Oglio et al. (22) Pro, MI 384 384 56 56 247/137 247/137 – – 3 3 – –

Choi et al. (15) Retro, SC 60 31 49 51 35/25 22/9 25.5 25.3 4.8 4.6 7 7
Abaza et al. (16) Pro, SC 107 30 56 54 56/51 18/12 32.4 30.7 3.5 3 7 7
Laviana et al. (17) Retro, MI 78 78 57 59 53/25 51/27 – – – – 7 7
Stroup et al. (18) Retro, MI 263 141 58 59 158/105 82/59 28.6 29.8 3.1 2.9 7 7
Maurice et al. (19) Retro, MI 296 74 59 58 168/128 51/23 29.2 29.7 2.6 2.5 7 7
Kim et al. (20) Retro, SC 97 116 58 57 46/51 53/63 – – 2.5 2.5 8 8
Hughes-Hallett et al. (7) Retro, MI 59 44 62 61 – – – – 3.6 3.2 6 6
TP, transperitoneal; RP, retroperitoneal; BMI, body mass index; Pro, prospective; MI, multi-institution; Retro, retrospective; SC, single center.
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TABLE 4 | Safety results of TRPN and RRPN.

Study No. of patients Conversion to open (n) Conversion to radical (n) Total complication (n) Complication,
CD 1-2 (n)

Complication,
CD 3-5 (n)

TP RP TP RP TP RP TP RP TP RP TP RP

Takagi et al. (21) 48 48 – – – – 6 2 5 2 1 0
Paulucci et al. (14) 157 157 – – – – 19 18 14 10 5 8
Mittakanti et al. (6) 166 166 0 1 10 6 23 26 17 12 6 14
Dell’ Oglio et al. (22) 384 384 – – – – – – – – 22 33
Choi et al. (15) 60 31 0 0 0 0 10 7 10 7 0 0
Abaza et al. (16) 107 30 – – – – 3 2 3 2 0 0
Laviana et al. (17) 78 78 – – – – 28 19 23 15 5 4
Stroup et al. (18) 263 141 – – – – 36 16 29 12 7 4
Maurice et al. (19) 296 74 – – – – 42 9 33 5 9 4
Kim et al. (20) 97 116 – – – – 10 8 3 3 7 5
Hughes-Hallett et al. (7) 59 44 5 1 – – 6 4 – – – –
Frontiers in Oncology | w
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TRPN, transperitoneal robotic partial nephrectomy; RRPN, retroperitoneal robotic partial nephrectomy; TP, transperitoneal; RP, retroperitoneal; CD, Clavien–Dindo.
A
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FIGURE 2 | Forest plots of safety results. (A) conversion to open surgery; (B) conversion to radical surgery; (C) total complication; (D) Clavien–Dindo classification
grades 1–2; (E) Clavien–Dindo classification grades 3–5.
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however, subgroup analysis was not performed because of
insufficient data. No obvious publication bias was identified with
funnel plots for operative time, EBL, and PSM (Figures 4C–E).
DISCUSSION

Robotic partial nephrectomy can be conducted by transperitoneal
or retroperitoneal approach. At first, due to technical difficulties
of applying so many instruments in such small space of
retroperitoneal cavity, TRPN was mainly performed over RRPN.
For posterior or lateral renal masses, RPN through transperitoneal
approach can bemore difficult in assessing the tumor and suturing
surgical wound (6). Several centers have reported these experiences
about retroperitoneal RPN, and have confirmed the feasibility and
safety of RRPN.Moreover, for selected patients, RRPNperhaps can
achieve more favorable outcomes compared with TRPN, such as
operative time, EBL, LOS (6, 16, 23). Recently, many newly
published literatures also have studied this issue, and inconsistent
results have been reported. In this case, a systematic review and
meta-analysis were needed to overview these published literatures
and provided more rigorous results.

Based on eleven comparative studies with matched design or
similar baseline characteristics, the findings of the meta-analysis
of 2,984 subjects presented that TRPN had a higher rate of minor
complications, a longer operative time, a more EBL, a longer LOS
compared to RRPN. The other results including conversion to
open or radical surgery, rate of all or major complications, WIT,
PSM rate, decline in eGFR, CKD upstaging, and total recurrence
rate between the two approaches.

Previously, three meta-analyses have compared the perioperative
outcomesbetween transperitoneal and retroperitonealRPN.Xia et al.
(9) initially have included four articles with a total of 449 patients to
evaluate TRPN versus RRPN. There was no significant difference in
any demographic variable between TRPN and RRPN, including
tumor size and side, RENAL nephrometry score, and pathological
type. They have found that only operative time was significantly
different between TRPN and RRPN. The other outcomes were
Frontiers in Oncology | www.frontiersin.org 6
similar, including conversion, complication, WIT, EBL, PSM rate.
Although comparable patients were included, four studies with only
449 patients was the main limitation. Then, Pavan et al. (8) have
included seven retrospective studies with a total of 1,379 patients to
compare perioperative outcomes between TRPN and RRPN. They
have found that patients undergoing RRPN had a shorter operative
time and LOS, a smaller EBL. The other outcomes were comparable,
including postoperative complications, WIT, PSM rate. However,
patients belonging to RRPN group had a larger tumor compared
with TRPN. Incomparable baseline features, like tumor size may
affect the surgical outcomes. More recently, McLean et al. (10)
have performed a meta-analysis with only three literatures to
compare these two approaches for posterior renal tumors, and only
identified the advantage of RAPN in LOS.

Considering the comparability between the two groups, the
present study only included comparative studies with matched
design or similar baseline characteristics. Moreover, many
studies about this topic have been published recently. The
present study included six articles publishing in 2019 and
2020. Hence, based on rigorous and latest data, our study has
identified the advantages of RRPN in minor complications,
operative time, EBL and LOS. Furthermore, we have also
compared functional and oncological outcomes between TRPN
and RRPN. Limited data showed that decline in eGFR, CKD
upstaging, and total recurrence rate were similar between the
two approaches.

The significant difference in operative timewas identified by the
present study and previous two meta-analyses. The reduction in
operative time for retroperitoneal approach may due to a more
quick and direct access to kidney and hilum, which didn’t need to
mobilize the adjacent bowel (7). Moreover, for posterior tumors,
many surgeons also preferred to use a transperitoneal approach,
whichmore timewas required to access the posterolateral surface of
the kidney and isolate tumors, especially in the presence of
significant adhesions and prior abdominal surgery. In this regard,
a retroperitoneal approach can be a good alternative.

A lower EBLwas another advantage for RRPNwhichwas found
in the present study. Nevertheless, though a significant difference
TABLE 5 | Effectiveness results of TRPN and RRPN.

Study No. of
patients

Mean OT
(min)

Mean WIT
(min)

Mean EBL
(ml)

Mean LOS
(d)

PSM
(n)

eGFR, ml/min per
1.73 m2

CKD
upstaging

(n)

Recurrence
(n)

TP RP TP RP TP RP TP RP TP RP TP RP TP RP TP RP TP RP

Takagi et al. (21) 48 48 151 124 17 14 52 33 4 3.3 0 2 2 4 – – – –

Paulucci et al. (14) 157 157 220.3 183.8 22.8 23 306.3 205 13 2 3 5 – – 34 35 – –

Mittakanti et al. (6) 166 166 191 162 18 18 171 134 1.9 1.7 5 8 5.9 4.1 – – – –

Dell’ Oglio et al. (22) 384 384 – – – – – – – – 14 7 – – – – – –

Choi et al. (15) 60 31 311.7 275.3 25.7 24.7 150 175 8.7 8.7 1 0 8.3 16.5 8 5 2 0
Abaza et al. (16) 107 30 141.2 127.8 11.1 10.8 99 53.6 0.9 0.7 0 0 – – – – – –

Laviana et al. (17) 78 78 191.1 167 21.9 20.8 299 203.4 2.7 1.8 2 3 – – – – – –

Stroup et al. (18) 263 141 231.7 217.2 23.1 22.8 175 121.7 2.5 2.2 11 4 6.4 6.2 42 18 – –

Maurice et al. (19) 296 74 176 176 19 21 190 150 2.6 2.2 5 1 – – – – 1 2
Kim et al. (20) 97 116 149 152 – – 100 100 – – – – – – – – – –

Hughes-Hallett et al. (7) 59 44 205.2 155 19.6 23.1 977.6 449 4.6 2.5 3 3 – – – – 0 0
January 2021
 | Volume 10 |
 Article 5
TRPN, transperitoneal robotic partial nephrectomy; RRPN, retroperitoneal robotic partial nephrectomy; OT, operative time; WIT, warm ischemia time; EBL, estimated blood loss; LOS,
length of hospital stay; PSM, positive surgical margin; eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease; TP, transperitoneal; RP, retroperitoneal.
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FIGURE 3 | Forest plots of effectiveness results. (A) operative time; (B) warm ischemia time; (C) estimated blood loss; (D) length of hospital stay; (E) positive
surgical margin; (F) decline of estimated glomerular filtration rate; (G) chronic kidney disease upstaging; (H) overall tumor recurrence.
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was obtained in the analysis (P = 0.002), the clinical significance
seemed tobe limited (the differencewas 41ml).Hughes-Hallet et al.
(7) have found a significantly higher median EBL in patients
undergoing TRPN when compared with RRPN (395 ml vs 88 ml,
P < 0.01). The authors explained that an early unclamping
technique was more often used in the transperitoneal approach,
and a less surgical dissection may be needed in the retroperitoneal
approach. Abaza et al. (16) also reported a nearly two times mean
EBL in patients undergoing TRPNwhen comparedwith RRPN (99
ml vs 54 ml, P < 0.001). The authors supposed that this may be
caused by a less tissue dissection to access renal hilum, and a better
identification and control of renal arteries or branches because of
the approach. However, there was no study distinguished EBL
during tumor resection and suture from EBL during tissue
dissection, hence, it is difficult to make it clear (8, 24).

The present study also found that a nearly one-day shorter LOS
in the RRPN group (P < 0.001; WMD: 0.86; 95% CI, 0.35 to 1.37).
Using a multi-institutional RPN database, after propensity-score
matching, Maurice et al. (19) have found a longer mean LOS in
patients undergoing TRPN when compared with RRPN (2.6 vs 2.2
days, P = 0.01). A faster recovery of bowel function may partly
explain this difference. Similarly, using a matched-pair design,
Laviana et al. (17) reported a mean of 1.8 days in the RRPN
group versus 2.7 days in the TRPN group (P < 0.001). Moreover,
they found that patients undergoing TRPNwere two and half times
likely to experience a LOS longer than 2 days comparedwith RRPN
(P=0.014).A further cost analysis identified that a shorter operative
time and LOS were the key factors which lead to a reduced cost in
the RRPN group. More recently, Paulucci et al. (14) have described
similar result; they supposed that the reducedLOSmaybe related to
the shorter operative time, and a reported faster bowel function
recovery. Additionally, the LOS may be affected by many other
factors besides surgical approach, including age, gender, patient
comorbidity, baseline renal function, tumors’ characteristics, and
surgeons’ experience. Nevertheless, Kim et al. (20) have found that
surgical approach was independent predictor for LOS longer than
Frontiers in Oncology | www.frontiersin.org 8
one day (OR: 7.4; P < 0.01) in the multivariate analysis. Finally,
length of hospital stay is complex process affected by many
components, and the surgical approach only stands for one factor
in this process.

The limitations of the present study also needed to be addressed.
Themajor one is all included studieswerenon-randomizeddesigned.
Although it represents a powerful statistical tool, meta-analysis is
greatly affected by the included studies. Due to the non-randomized
design, potential selection biasmay have an influence on the surgical
outcomes. Considering these, we preferred to include comparative
studies withmatched design.Due to limited studies, we also included
studies with similar baseline characteristics. In this case, some
variables such as posterior/anterior location may not be balanced
in the two groups. Four included studies only analyzed patients with
posterior tumors. Generally, most surgeons prone to choose
transperitoneal approach for anterior tumors, and retroperitoneal
approach for posterior tumors. Moreover, related data was limited,
especially for some specific outcomes, including conversion, decline
in eGFR, CKD upstaging, and recurrence rate. Lastly, some studies
only provided median and IQR/range data for some variables, we
estimatedmeanandSDusingprevious reportedmethods,whichmay
be not so accurate. Despite these limitations, the present study stands
for the latest, and most comprehensive and rigorous systematic
review and meta-analysis on this topic.
CONCLUSIONS

Our findings presented that RRPN is correlated with more
pleasant outcomes than TRPN in regard to lower rate of minor
complications, shorter operative time, less EBL, and shorter LOS.
There was not a significant difference between TRPN and RRPN
regarding recurrence rates, PSM and functional outcomes.
Randomized studies with good design are needed to validate
safety and effectiveness results of RRPN.
A B

D E

C

FIGURE 4 | Funnel plots for results. (A) total complications; (B) Clavien–Dindo classification grades 3–5 complications; (C) operative time; (D) estimated blood loss;
(E) positive surgical margin.
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et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ (2016) 355:i4919. doi: 10.1136/bmj.i4919

13. Wan X, Wang W, Liu J, Tong T. Estimating the sample mean and standard
deviation from the sample size, median, range and/or interquartile range.
BMC Med Res Methodol (2014) 14:135. doi: 10.1186/1471-2288-14-135

14. Paulucci DJ, Beksac AT, Porter J, Abaza R, Eun DD, Bhandari A, et al. A Multi-
Institutional Propensity Score Matched Comparison of Transperitoneal and
Retroperitoneal Partial Nephrectomy for cT1 Posterior Tumors. J Laparoendosc
Adv Surg Tech A (2019) 29(1):29–34. doi: 10.1089/lap.2018.0313
15. Choi C, Kang M, Sung HH, Jeon HG, Jeong BC, Jeon SS, et al. Comparison by
Pentafecta Criteria of Transperitoneal and Retroperitoneal Robotic Partial
Nephrectomy for Large Renal Tumors. J Endourol (2019) 34(2):175–83. doi:
10.1016/S1569-9056(19)34671-8

16. Abaza R, Gerhard RS, Martinez O. Feasibility of adopting retroperitoneal
robotic partial nephrectomy after extensive transperitoneal experience. World
J Urol (2019) 38(5):1087–92. doi: 10.1007/s00345-019-02935-z

17. Laviana AA, Tan HJ, Hu JC, Weizer AZ, Chang SS, Barocas DA.
Retroperitoneal versus transperitoneal robotic-assisted laparoscopic partial
nephrectomy: a matched-pair, bicenter analysis with cost comparison using
time-driven activity-based costing. Curr Opin Urol (2018) 28(2):108–14. doi:
10.1097/MOU.0000000000000483

18. Stroup SP, Hamilton ZA, Marshall MT, Lee HJ, Berquist SW, Hassan AS, et al.
Comparison of retroperitoneal and transperitoneal robotic partial
nephrectomy for Pentafecta perioperative and renal functional outcomes.
World J Urol (2017) 35(11):1721–8. doi: 10.1007/s00345-017-2062-0

19. Maurice MJ, Kaouk JH, Ramirez D, Bhayani SB, Allaf ME, Rogers CG, et al.
Robotic Partial Nephrectomy for Posterior Tumors Through a Retroperitoneal
Approach Offers Decreased Length of Stay Compared with the Transperitoneal
Approach: A Propensity-Matched Analysis. J Endourol (2017) 31(2):158–62. doi:
10.1089/end.2016.0603

20. Kim EH, Larson JA, Potretzke AM, Hulsey NK, Bhayani SB, Figenshau RS.
Retroperitoneal Robot-Assisted Partial Nephrectomy for Posterior Renal Masses
Is Associated with Earlier Hospital Discharge: A Single-Institution Retrospective
Comparison. J Endourol (2015) 29(10):1137–42. doi: 10.1089/end.2015.0076

21. Takagi T, Yoshida K, Kondo T, Kobayashi H, Iizuka J, Okumi M, et al.
Comparisons of surgical outcomes between transperitoneal and retroperitoneal
approaches in robot-assisted laparoscopic partial nephrectomy for lateral renal
tumors: a propensity score-matched comparative analysis. J Robot Surg (2020).
doi: 10.1007/s11701-020-01086-3

22. Dell’Oglio P, De Naeyer G, Xiangjun L, Hamilton Z, Capitanio U, Ripa F, et al.
The Impact of Surgical Strategy in Robot-assisted Partial Nephrectomy: Is It
Beneficial to Treat Anterior Tumours with Transperitoneal Access and
Posterior Tumours with Retroperitoneal Access? Eur Urol Oncol (2019)
S2588–9311(18):30218–9. doi: 10.1016/j.euo.2018.12.010

23. Patel M, Porter J. Robotic retroperitoneal partial nephrectomy. World J Urol
(2013) 31(6):1377–82. doi: 10.1007/s00345-013-1038-y

24. Arora S, Heulitt G, Menon M, Jeong W, Ahlawat RK, Capitanio U, et al.
Retroperitoneal vs Transperitoneal Robot-assisted Partial Nephrectomy:
Comparison in a Multi-institutional Setting. Urology (2018) 120:131–7. doi:
10.1016/j.urology.2018.06.026

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Zhu, Shao, Guo, Zhang, Shi, Wang and Gu. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
January 2021 | Volume 10 | Article 592193

https://www.frontiersin.org/articles/10.3389/fonc.2020.592193/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.592193/full#supplementary-material
https://doi.org/10.1016/j.eururo.2015.01.005
https://doi.org/10.1016/j.juro.2017.04.100
https://doi.org/10.1016/j.urology.2011.04.065
https://doi.org/10.1016/j.eururo.2014.12.028
https://doi.org/10.1016/j.juro.2011.11.089
https://doi.org/10.1016/j.juro.2011.11.089
https://doi.org/10.1007/s00345-019-02903-7
https://doi.org/10.1089/end.2013.0023
https://doi.org/10.1089/end.2013.0023
https://doi.org/10.1089/end.2018.0211
https://doi.org/10.1016/j.ijsu.2016.04.023
https://doi.org/10.1007/s11701-019-00973-8
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1186/1471-2288-14-45
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1186/1471-2288-14-135
https://doi.org/10.1089/lap.2018.0313
https://doi.org/10.1016/S1569-9056(19)34671-8
https://doi.org/10.1007/s00345-019-02935-z
https://doi.org/10.1097/MOU.0000000000000483
https://doi.org/10.1007/s00345-017-2062-0
https://doi.org/10.1089/end.2016.0603
https://doi.org/10.1089/end.2015.0076
https://doi.org/10.1007/s11701-020-01086-3
https://doi.org/10.1016/j.euo.2018.12.010
https://doi.org/10.1007/s00345-013-1038-y
https://doi.org/10.1016/j.urology.2018.06.026
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Comparison of Outcomes Between Transperitoneal and Retroperitoneal Robotic Partial Nephrectomy: A Meta-Analysis Based on Comparative Studies
	Introduction
	Materials and Methods
	Literature Search
	Inclusion and Exclusion Criteria
	Data Extraction
	Outcomes of Interest
	Statistical Analysis

	Results
	Literature Search and Description of Eligible Studies
	Safety Outcomes
	Effectiveness Outcomes

	Discussion
	Conclusions
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


