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Abstract
Background  To comprehensively evaluate the efficacy and safety of Retzius sparing (RS) for men undergoing robot-assisted 
laparoscopic prostatectomy (RARP).
Methods  We searched four electronic databases and reference lists of relevant studies for eligible research published before 
March 11, 2019. After quality assessment, eligible studies were synthesized for relevant outcomes, including positive surgi-
cal margin (PSM), continence, incontinence, complication, console time, and hospital stay.
Results  Two randomized clinical trials and four observational studies were included in this study. Quantitative syntheses 
revealed significantly higher PSM rates in RS-RARP compared with conventional RARP (c-RARP) (odds ratio [OR] 1.68, 
p = 0.02). Furthermore, we found significantly higher PSM rates at the anterior site in RS-RARP compared with c-RARP 
(OR 4.34, p = 0.03) and significantly lower incontinence rates in RS-RARP in the first month (OR 0.30, p < 0.001) and 12th 
month (OR 0.25, p < 0.001).
Conclusions  Our syntheses revealed higher PSM rates in the RS-RARP group, especially in the anterior aspect. However, 
RS-RARP had superior functional outcome of urinary continence and lower console time than did c-RARP with equivalent 
complication rates. Thus, we suggest that operators pay more attention to making clear surgical margins if the lesion is in 
anterior prostate when performing RS-RARP.
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SD	� Standard deviation
SE	� Standard error

Prostate cancer is the second most frequently diagnosed can-
cer in men worldwide, accounting for 15% of all cancers [1]. 
In men with clinically localized prostate cancer, treatment 
varies with life expectancy and risk stratification, including 
active surveillance, external beam radiation therapy, whole 
gland ablation, and radical prostatectomy [2]. Radical pros-
tatectomy is one of the curative treatments for men with 
organ-confined prostate cancer.

The technical development of radical prostatectomy 
involved laparoscopic radical prostatectomy and robot-
assisted radical prostatectomy (RARP). Laparoscopic radi-
cal prostatectomy was initially reported in 1992 [3] and 
modified in 2000 [4]. Subsequently, laparoscopic radical 
prostatectomy became widespread because it causes less 
blood loss and requires shorter hospital stays and catheteri-
zation durations compared with open radical prostatectomy 
[5]. After laparoscopy, a new telerobotic surgical system 
with magnified three-dimensional imaging and articulat-
ing instruments was developed and applied to assist lapa-
roscopic radical prostatectomy. The fine movement in the 
limited retropubic space led to RARP being widely adopted. 
Conventional RARP (c-RARP) was introduced by Abbou 
[6] and modified by Menon [7]. In c-RARP, the bladder and 
prostate are incised and mobilized through dissection of the 
prevesical space. Postoperative morbidity is a major concern 
for patients with prostate cancer because it compromises 
quality of life and makes patients hesitate to undergo opera-
tions. Several possible negative consequences of c-RARP 
exist, such as urinary incontinence, erectile dysfunction, and 
biochemical recurrence of prostate-specific antigen. Many 
surgical modifications in the technique attempt to enhance 
postoperative functional outcomes without compromising 
cancer control [8].

Retzius-sparing RARP (RS-RARP) was developed 
in 2010 [9]. In the first report on RS-RARP, 90% of 200 
patients were continent within 7 days after catheter removal 
[10]. Based on the current knowledge of surgical anatomy, 
the features of this surgery are that it preserves the endopel-
vic fascia, arcus tendineus, neurovascular bundle, deep dor-
sal vein plexus, and puboprostatic ligament, which are criti-
cal to the mechanism of urinary continence [11]. Recently, 
other studies have also reported better outcome in urinary 
continence with RS-RARP [12–16].

The oncological outcomes of RS-RARP remain contro-
versial. For instance, the positive surgical margins (PSMs) 
of RS-RARP should be a concern despite its better con-
tinence [17]. Higher stages of prostate cancer or learning 
curves may lead to PSMs [15]. Although many studies have 
reported the benefits of urinary continence after RS-RARP, 

the effectiveness and safety of the procedure compared with 
c-RARP in terms of functional and oncological outcomes 
remain unclear. Therefore, this study aimed to systematically 
review currently available evidence to compare the therapeu-
tic effectiveness and efficacy of RS-RARP with c-RARP in 
men with clinically localized prostate cancer.

Materials and methods

For conducting and reporting this systematic review, we 
followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines [18]. Our research 
team included urologists and an experienced researcher in 
systematic reviews and meta-analyses [19–22]. The experi-
enced researcher had also participated in research studies on 
urology and surgical oncology [23, 24]. Because this meta-
analysis synthesized data from published articles, this study 
was exempt from institutional review board approval.

Data sources and search strategy

This study searched for evidence in electronic databases 
and by hand search. The electronic databases were Embase, 
PubMed (including MEDLINE), Scopus, and Web of Sci-
ence. We formulated the primary search strategy in PubMed 
using the relevant terms “prostatectomy,” “prostate cancer,” 
and “Retzius” (including “Bocciardi”) in free-text and medi-
cal subject heading. The Boolean operator “OR” was used 
to combine keywords with similar concepts, whereas the 
Boolean operator “AND” was used to connect keywords 
with different concepts. The search strategy was designed 
without any filter for publication data or language restriction. 
We completed the final searches on March 11, 2019 (Online 
Appendix 1).

Eligible criteria and evidence selection

To comprehensively select evidence for the synthesis, we 
defined inclusion and exclusion criteria beforehand. Inclu-
sion criteria were as follows: (1) studies that investigated a 
population undergoing prostatectomy and (2) interventions 
that involved RS-RARP. Exclusion criteria were as follows: 
(1) studies designed as single-arm trials, case series, and 
case reports; (2) references were editorial comments, cor-
responding responses, and letters to editor without updated 
data; and (3) references were gray literature without detail.

After the final comprehensive search, two investiga-
tors (T.E.T. and Y.N.K.) individually screened the poten-
tial references through two steps. In the first step, title and 
abstract screening, they included the references fulfilling the 
inclusion criteria. In the second step, full-text review, they 
removed the references according to the exclusion criteria. 
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Another investigator resolved disagreements regarding arti-
cle eligibility through discussions.

Quality assessment

Because this systematic review included randomized clini-
cal trials and observational studies, we used the Cochrane 
risk-of-bias tool and Newcastle–Ottawa Quality Assessment 
Scale [25, 26]. The Cochrane risk-of-bias tool was used for 
the critical appraisal of randomized clinical trials, and the 
Newcastle–Ottawa Quality Assessment Scale was used for 
the quality assessment of observational studies. According 
to the Cochrane risk-of-bias tool, we evaluated sequence 
generation, allocation concealment, blinding of participants 
and personnel, blinding of outcome assessment, incomplete 
outcome data, selective reporting, and other bias in rand-
omized clinical trials. To evaluate the quality of observa-
tional studies, we assessed the representability of cohorts, 
ascertainment of exposure, reporting bias, comparability, 
assessment of outcomes, follow-up duration, and loss to 
follow-up in observational studies. Two investigators (T.E.T. 
and Y.N.K.) independently appraised the studies, and when 
they encountered any disagreement, the third investigator 
(J.C.W) participated in the quality assessment process to 
make a final judgement.

Data extraction

Two investigators (T.E.T. and Y.N.K.) independently 
extracted the characteristics of studies and outcome data. 
The third investigator (J.C.W) double-checked the data. The 
characteristics included publication year, country, study 
period, number of patients, mean age, body mass index, 
prostate size, clinical stage, and Gleason score. The out-
come data included PSMs, continence, incontinence, com-
plications, console time, and hospital stay. Events and total 
number of patients were extracted for binary data, and means 
and standard deviations (SDs) were extracted for continuous 
data. When the original study reported standard errors (SEs), 
we calculated the SD according to the formula SE = SD/√n.

Statistical analysis

Our study not only synthesized the evidence in a qualitative 
manner but also conducted quantitative synthesis. Regard-
ing the quantitative synthesis, we pooled binary data into 
odds ratios (ORs) and combined continuous data into mean 
differences (MDs). The binary data syntheses involved the 
outcomes of PSMs, continence, incontinence, and complica-
tions, whereas the continuous data syntheses involved con-
sole time and hospital stay. All syntheses were conducted in 

a random-effects model. The results were reported in effect 
sizes, 95% confidence intervals (CIs), and I2 with p value 
of τ2. The I2 is commonly used to demonstrate heterogene-
ity across synthesized studies, and usually, heterogeneity is 
indicated when I2 reaches 50%. I2 > 75% reflects high het-
erogeneity among the synthesized studies. Another method 
for detecting heterogeneity in meta-analysis is the p value 
of τ2. A p value of τ2 < 0.10 represents high heterogeneity in 
the meta-analysis [27]. Furthermore, to examine the quality 
of the quantitative syntheses, the present study used a funnel 
plot with Egger’s test for the small study effects. Because 
some situations might have affected pooled results, we used 
subgroup analysis. For instance, we further examined path-
ological stages, study designs, and sites of PSMs for the 
PSM results. The quantitative syntheses were completed in 
Review Manager (version 5.3, The Cochrane Collaboration, 
Oxford, UK), and small study effects were detected in Com-
prehensive Meta-Analysis (version 2).

Results

Search results

This systematic review identified 333 references from four 
electronic databases. The references were from Embase 
(n = 178), PubMed (including MEDLINE; n = 65), Sco-
pus (n = 26), and Web of Science (n = 64). A total of 133 
duplications were removed through the Endnote system 
function and manual screening. The titles and abstracts of 
the remaining 200 references were screened for eligibility. 
Subsequently, 168 references were excluded because they 
were nonrelevant studies (n = 114) without comparisons of 
Retzius sparing and traditional prostatectomy (n = 45), video 
(n = 3), or other documents (n = 6) according to the exclu-
sion criteria. Next, the authors retrieved the full texts of the 
remaining 32 references and excluded 25 after a full-text 
review. The excluded 23 references were excluded because 
of documents (n = 10) and gray literature without details 
(n = 13), as well as no comparisons between RS-RARP and 
c-RARP (n = 2). The seven remaining references were two 
randomized clinical trials and four observational studies, 
which were synthesized in this systematic review. Figure 1 
presents the process of evidence selection.

Overview of included studies

The six eligible studies involved 662 patients undergoing 
prostatectomy: 337 patients were in the c-RARP group and 
325 patients were in the RS-RARP group. Table 1 presents 
information regarding included studies, including sample 
size, mean age, body mass index, prostate size, prostate-
specific antigen, and Gleason score. These studies covered 
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Fig. 1   Flow diagram of this 
systematic review according to 
the Preferred Reporting Items 
for Systematic Reviews and 
Meta-Analyses guidelines

Table 1   Characteristics of the included studies

C conventional robotic-assisted laparoscopic radical prostatectomy, PSA prostate-specific antigen, RS Retzius space-sparing robotic-assisted lap-
aroscopic prostatectomy
a Transrectal ultrasound

Study Patients Mean age Body mass 
index

Prostate size PSA Gleason score

RS C

RS C RS C RS C RS C RS C ≦ 6 7 ≧8 ≦ 6 7 ≧ 8

Asimakopoulos et al. [12] 45 57 66 65 NR NR NR NR 7 6.9 27 12 0 28 12 0
Chang et al. [13] 30 30 64.39 67.52 NR NR 40.11a 41.33a 18.24 12.24 NR NR NR NR NR NR
Eden et al. [29] 40 40 63 65 27 27 46 40 5.4 6.8 0 40 0 0 40 0
Lim et al. [28] 50 50 65.7 66.2 23.5 23.7 32.6 36.5 12.8 10.5 26 15 9 22 20 8
Menon et al. [14, 15] 60 60 61 61.5 27.9 28 44 45.5 5.7 5.4 18 42 0 20 40 0
Sayyid et al. [16] 100 100 61 62 29 29 44.6 48 8.75 7.07 19 62 19 25 51 24
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approximately 12 years from July 2005 to April 2017 in Italy 
[12], the Republic of China (Taiwan) [13], South Korea [28], 
the United Kingdom [29], and the USA [14–16]. The mean 
ages in each study ranged from 61 to 66. The quality of the 
included studies is detailed in Online Appendix 2.

Positive surgical margin

Six studies reported PSMs among 662 patients [12–16, 28, 
29]. The overall pooling result demonstrated significantly 
higher PSM rates in RS-RARP compared with c-RARP (OR 
1.68, 95% CI 1.08–2.62, p = 0.02) (Fig. 2A). The I2 reflected 
a low heterogeneity in the pooled result (I2 = 14%; p = 0.32). 
This study also conducted further analysis on PSMs accord-
ing to pathological stage, study design (Online Appendix 3), 
and PSM site (Online Appendix 4). Results revealed no sig-
nificant differences in PSM rates between c-RARP and RS-
RARP in the subsets of pathological stages, observational 
study design, posterior site, and apical site. However, in 
the subsets of randomized clinical trial (OR 2.80, 95% CI 
1.32–5.91, p = 0.007) and anterior site (OR 4.34, 95% CI 
1.18–15.89, p = 0.03), RS-RARP had significantly higher 
PSM rates than did c-RARP. These results were intermediate 
to large effect sizes with very low heterogeneity (I2 = 0%). 
Egger’s test did not detect any small study effects in the 
pooled result of PSM rates (t = 0.632, p = 0.561) (Fig. 2B; 
Online Appendix 5).

Functional outcomes

Although all the included studies reported functional out-
comes, they reported them differently. Four of the six stud-
ies reported short-term continence rate (within 1 month) 
[12–16], and five reported incontinence rates with different 
follow-up durations (Fig. 3A) [12, 14–16, 28, 29]. Regard-
ing the continence rate, RS-RARP had a significantly higher 
pad-free rate than did c-RARP (OR 3.61, 95% CI 2.18–5.97, 
p < 0.001), and RS-RARP also had significantly higher usage 
rates within one pad than did c-RARP (OR 3.49, 95% CI 
2.25–5.43, p < 0.001). These results were consistent among 
the included studies with 481 patients (I2 = 0%).

Incontinence rates were reported in the first month in four 
studies (n = 402) [12, 14, 15, 28, 29], in the third month in 
three studies (n = 422) [12, 14–16], in the sixth month in 
three studies (n = 422) [12, 14–16], and in the 12th month in 
two studies (n = 320) [14–16]. RS-RARP had significantly 
lower incontinence rates than c-RARP in the first month (OR 
0.30, 95% CI 0.19–0.48, p < 0.001), third month (OR 0.27, 
95% CI 0.13–0.55, p < 0.001), sixth month (OR 0.32, 95% 
CI 0.20–0.50, p < 0.001), and 12th month (OR 0.25, 95% 
CI 0.15–0.44, p < 0.001). The pooled results demonstrated 
acceptable heterogeneity with p values > 0.10 in τ2 (Fig. 3B). 
A test for the subgroup differences confirmed the similar 

benefits of RS-RARP in terms of incontinence rate from 
short- to long-term periods (I2 = 0%, p = 0.95).

Secondary outcomes

Of the six included studies, three reported console time 
(n = 420) (Fig. 4A), five reported complication rate (n = 579) 
(Fig.  4B), and three reported hospital stay (n = 380) 
(Fig. 4C). Pooled results exhibited no significant differ-
ences in complication rates (OR 0.89, 95% CI 0.37–2.12, 
p = 0.79) and hospital stay (MD = − 0.23, 95% CI − 0.66 
to 0.20, p = 0.29) between RS-RARP and c-RARP. How-
ever, RS-RARP had significantly shorter console times 
than did c-RARP (MD = − 18.19, 95% CI − 30.91 to −5.47, 
p = 0.005). Although the pooled results of console time were 
highly heterogeneous (I2 = 95%), the synthesized studies 
consistently exhibited the same trend.

Discussion

Through a comprehensive review and rigorous data synthe-
sis, our study confirmed that RS-RARP had a higher PSM 
rate in the anterior aspect than did c-RARP, although RS-
RARP leads to superior functional outcomes. These find-
ings were consistent among randomized clinical trials and 
observational studies.

Regarding PSMs in RS-RARP, Menon et al. indicated 
that more aggressive disease in their RS-RARP group 
(≥ pathological T3 disease, 45% in RS-RARP vs. 23% in 
c-RARP, p = 0.04) might have accounted for higher PSM 
rates [14, 17]. However, Stonier et al. postulated that dou-
bling the sample size might have achieved significantly 
higher PSM rates in their RS-RARP group when compared 
with c-RARP [17]. In our study, the findings supported the 
assumption of Stonier et al. Through pooling data and a 
larger sample size, the overall PSM rate was significantly 
higher in the RS-RARP group than in the c-RARP group. 
In the subgroup analysis, we noted a trend of higher PSM 
rates in both subgroups of pathological stage ≤ pT2 or > pT2. 
Furthermore, we did not detect heterogeneity between sub-
groups; in other words, more aggressive disease may not be 
the only reason contributing to higher PSM rates.

According to relevant reports, another factor may affect 
PSM rates and biochemical recurrence, namely capsular 
incision [30, 31]. Unfortunately, these reports have not con-
sidered RS. Therefore, we attempted to determine other fac-
tors for enhancing the understanding of PSM rates between 
RS-RARP and c-RARP according to the available data and 
our clinical experience. In our own experience, the margin 
in the anterior prostate is unclear when performing RS-
RARP. Thus, in our meta-analysis, we further analyzed the 
sites of PSM into three subgroups, and found a significantly 
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Fig. 2   Pooled results of positive surgical margins: A forest plot and B funnel plot
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Fig. 3   Forest plots of functional outcomes: A continence and B incontinence
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higher rate of PSM in the anterior aspect in RS-RARP than 
in c-RARP. This finding probably reflected the limited view 
of surgeons performing RS-RARP in the anterior aspect. 
This result is in line with the preliminary data of Kim et al. 
al, who showed that the apex and anterior regions accounted 
for 44% and 38% of PSMs, respectively [32].

Regarding functional benefits, RS-RARP achieves a 
significantly higher rate of urinary continence than does 
c-RARP, despite different definitions of urinary conti-
nence (completely dry or less than one safety pad used). 
RS-RARP also has lower incontinence rates than does 
c-RARP. These results are similar to those of the first team 
to report RS-RARP, who reported high continence rates in 
the short term [10]. RS-RARP was developed for improv-
ing postoperative functions, and its main features are radi-
cal prostatectomy performed through a posterior approach 
and the prevention of destruction of the Retzius space. 
The Retzius space contains critical anatomical structures 
that maintain continence, including the endopelvic fascia, 

puboprostatic ligaments, and prostatic fascia. Thus, RS-
RARP achieving better outcome in urinary continence 
is reasonable, and we were not surprised by RS-RARP 
improving immediate continence rates. Furthermore, our 
finding also revealed that this benefit remains significant 
until 12 months after prostatectomy. This long-term ben-
efit was homogeneously (I2 = 0%) reported in two studies, 
although one of them showed no significant difference 
in incontinence rates between RS-RARP and c-RARP at 
1 year after operation [14–16]. This finding corresponds 
with the concern of Stonier et al. [17] and confirms the 
long-term benefit of RS-RARP.

In the secondary findings, because radical prostatec-
tomy was performed through a posterior approach, RS-
RARP required less console time. Using this approach, 
RS-RARP minimizes tissue dissection and avoids ligation 
of the deep venous complex. Moreover, no significant dif-
ferences were found in complication rates and hospital 
stays between RS-RARP and c-RARP. These findings 

Fig. 4   Forest plots of secondary outcomes: A console time, B complication, and c hospital stay
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indicated that RS-RARP may be comparable with c-RARP 
in terms of safety and cost.

Previous synthesis

Before this systematic review and meta-analysis, two syn-
theses on this topic have been published [17, 33]. One was 
in the form of editorial comments [17], and the other was 
a systematic review with meta-analysis [33]. The editorial 
comments qualitatively synthesized three studies with 370 
cases and confirmed the evidence of early return to conti-
nence with RS-RARP. Furthermore, the comments raised a 
critical concern about PSMs in RS-RARP, although they had 
no quantitative synthesis. The systematic review included 
one randomized clinical trial (n = 120), five observational 
studies (n = 876), a case series (n = 5), and two case reports 
(n = 2), yet only four studies (n = 500) contributed to the 
quantitative synthesis. The attached meta-analysis concluded 
that RS-RARP is associated with early continence recovery 
without higher risks in PSM. Unfortunately, this conclusion 
concerning PSM was based on relatively high heterogeneity 
(I2 = 50%), although the study separated its analysis of PSM 
by pathological stage.

The present study attempted to investigate this topic 
more deeply than previous syntheses through gathering all 
comparative studies comparing RS-RARP with c-RARP. 
Subsequently, we comprehensively identified two rand-
omized clinical trials and four observational studies with 
662 cases. Through a reasonable quantitative synthesis with 
subgroup analysis, our study reduced the heterogeneity in 
PSM. We appropriately used cases of each pathological 
stage as denominators in subgroups as well as presented 
overall pooled results of PSM rates between RS-RARP and 
c-RARP. Moreover, our meta-analysis successfully deter-
mined a critical factor—the site of PSM—for PSMs in RS-
RARP. Therefore, this study provides stronger and more 
informative evidence on RS-RARP for clinical practice.

Limitations

Although our study has some advantages, four limitations 
should be considered. First, surgeon experience is a critical 
topic for surgical study, and our analysis could not control 
its effects. Therefore, future studies should investigate how 
experience of RS-RARP influences results. Second, the six 
included studies had different inclusion criteria, exclusion 
criteria (Online Appendix 6), and baseline characteristics, 
and such heterogeneities might have biased the PSM results. 
Third, information on the capsular incision, a potential fac-
tor associated with PSM, was not available in the included 
studies; therefore, the available evidence could not be used 
to analyze how capsular incision affected the pooled results 
of PSM rates between RS-RARP and c-RARP. Finally, the 

available evidence provided limited results on the progno-
sis of RS-RARP, which consequently we were unable to 
investigate.

Conclusion

The present meta-analysis revealed higher PSMs in the RS-
RARP group, especially in the anterior aspect. However, RS-
RARP has better outcome in urinary function and less con-
sole time than c-RARP with equivalent complication rates. 
We suggest that operators pay more attention to making 
clear surgical margins if the lesion is in the anterior prostate 
when performing RS-RARP. Additional studies are required 
to determine how to modify RS-RARP to clarify margins in 
the anterior prostate. Before a modified RS-RARP is devel-
oped, shared decision-making may be required in clinical 
practice, especially for RS-RARP for anterior prostate can-
cer. RS-RARP has the potential to be the future of prostate 
cancer surgery.
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