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Background: Robot-assisted laparoscopic prostatectomy (RALP) is displacing radical
retropubic prostatectomy as the gold standard surgical approach for clinically localised
prostate cancer in the United States and is also being increasingly used in Europe and
other parts of the world. This trend has occurred despite the paucity of high-quality
evidence to support its relative superiority to more established treatment modalities.
Objective: We performed this study to critically assess the quality of published evidence on RALP to support this major shift in practice patterns.
Design, setting, and participants: We conducted a systematic review of the published
literature through Medline and Embase (1966 to December 2008). All original research
publications on RALP were included. Editorials, letters to the editor, and review articles
were excluded.
Measurements: Two reviewers independently performed the data abstraction using a
standardised form derived from the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) criteria.
Results and limitations: Seventy-ﬁve original research publications met eligibility
criteria. Fifty-ﬁve (73.3%) studies were published between 2005 and 2008, and 20 studies
(26.7%) were published between 2001 and 2004. Approximately three-quarters of the
studies were case series (74.7%), and only two (2.7%) randomised, controlled trials (RCT)
were identiﬁed. Twelve authors cowrote 72% (54 of 75) of the published studies.
Reporting of STROBE criteria ranged from 100.0% (scientiﬁc rationale/background
explained) to 1.3% (consideration of sample size), with no improvement over time.
The study was limited to published literature in the English language.
Conclusions: The published RALP literature is limited to observational studies of mostly
low methodologic quality. Our ﬁndings draw into question to what extent valid conclusions about the relative superiority or equivalence of RALP to other surgical
approaches can be drawn and whether published outcomes can be generalised to the
broader community. There is an urgent need to raise the methodologic standards for
clinical research on new urologic procedures and devices.
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1.

Introduction
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treatments [13], and all criteria of the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement [14] were

The first robotic-assisted laparoscopic prostatectomy
(RALP) was performed in Frankfurt, Germany, in 2000 by
Binder et al using the da Vinci Surgical System (Intuitive
Surgical, Sunnyvale, CA, USA) [1]. Since that time, RALP
surgery has made a remarkable impact on how radical
prostatectomies (RP) are performed in the United States as
well as in other industrialised countries. According to the
manufacturer, approximately 70% of all prostatectomies in
the United States in 2007 were performed as RALP
procedures, with every indication that this number will
continue to increase [2]. Other countries are observing
similar trends. Urologists have become frequent users of the
da Vinci Surgical System, with RPs becoming the most
common robotically assisted surgical procedure today [3].
Claims of superior outcomes compared to other surgical
approaches include lower blood loss, decreased length of
hospital stay, shorter reconvalescence, as well as better
cancer control as measured by lower rates of positive
surgical margins and improved functional outcomes [4,5].
However, it has been noted in a recent and well-done
systematic review by Ficarra et al that these claims of
superior clinical outcomes are largely based on retrospective observational studies that are not well suited to
provide high-quality evidence to address therapeutic
effectiveness [6,7]. This conclusion casts doubt upon the
true advantages of RALP compared to other surgical
approaches [7,8]. Two population-based studies by Hu
et al have drawn into question the relative superiority of
RALP with regards to cancer control, urinary continence,
and erectile function [9,10]. Questions regarding the
comparative effectiveness of RALP appear particularly
relevant in light of the high costs associated with the
installation and maintenance of a robotic surgical system
[11]. The purpose of this study was therefore to examine the
quality of evidence underlying the paradigm shift from
open to robot-assisted prostatectomy while at the same
time serving as a case study for the evidence standards for
new technology being adopted by the urologic community.
2.

Materials and methods

A systematic literature search was initially conducted in August 2007
and updated in November 2009 using both the Medline and Embase
databases to identify all original research publications relating to the use
of RALP in human subjects published from 1966 to December 2008
(inclusive). The following search terms were used: radical prostatectomy,
da Vinci, daVinci, robot, robotic, and RALP. Search limitations included
human-based studies and publication in the English language. Studies
identiﬁed were screened for eligibility by two independent reviewers.
Exclusion criteria included editorials, letters to the editor, and review
articles. Systematic reviews were used only if the study included original
research data from the publishing institution. A ﬁnal consensus on study
selection was achieved by discussion between the two reviewers and
arbitration by a third reviewer.
A standardised data-abstraction form that included surgery-relevant
criteria from instruments previously reported in the published literature
[12], an extension of the Consolidated Standards of Reporting Trials
(CONSORT) statement to randomised trials on nonpharmacologic

used. Both the CONSORT and the STROBE statements represent established
standards for transparent and high-quality reporting of important items
relating to the methodology, analysis, result reporting, and discussion of
randomised trials and observational studies (cohort, case-control, and
cross-sectional studies), respectively. A total of 48 criteria were included
regarding general study characteristics, institutional review board or
ethics committee study approval, description of surgeons and institutions,
background and intervention, statistical methods, and description of
results and outcomes. Studies were furthermore rated for the level of
evidence provided according to criteria by the Centre for Evidence Based
Medicine in Oxford, United Kingdom [15]. Prior to review, the dataabstraction form was pilot tested in a separate sample of six articles from
the robot-assisted laparoscopic cystectomy literature to ensure the
greatest possible interobserver agreement. Data abstraction was then
performed on the 75 publications using the standardised data-abstraction
form and entered into a dedicated database. Interobserver agreement was
recorded, and discrepancies were resolved through discussion and
arbitration by a third investigator to generate a consensus version.
Statistical analysis was performed using SPSS v.17.0 (SPSS, Chicago, IL,
USA). Interobserver agreement beyond chance was assessed for a subset of
12 predeﬁned variables using the k statistic. We tested the a priori
hypothesis that the methodologic and reporting quality of studies
improved from 2005–2008 compared to the initial period of 2001–
2004, representing two time periods of equal length (4 yr). In an additional
post hoc comparison, we limited the same analysis to the subset of studies
that were written by investigators who contributed to more than one
study. All statistical testing was performed two-sided with a predeﬁned a
of 0.05. No formal adjustment for multiple comparisons was used.

3.

Results

A systematic literature search identified 213 published
articles eligible for review. Of these, 75 studies met inclusion
criteria and were included in this analysis (see Appendix), the
first of which was published in 2001. Table 1 summarises the
baseline characteristics of these studies. Fifty-five (73.3%)
studies were published between 2005 and 2008, and 20
studies (26.7%) were published between 2001 and 2004.
Approximately three-quarters were case series (74.7%), and
only two (2.7%) randomised, controlled trials (RCT) were
identified. These two RCTs compared technical modifications
of RALP with each other rather than comparing RALP to open
approaches. Overall, the published literature provided level
2, 3, and 4 evidence in 2.7% (n = 2), 24.0% (n = 18), and 73.3%
(n = 55) of studies, respectively. The median sample size was
120 patients (interquartile range: 55–300), with only 12.0%
of studies reporting on >500 patients and only three studies
(3.9%) including 1000 patients. The vast majority of studies
originated from a single centre (96.0%) and did not report
their source of funding (97.3%). Twelve authors cowrote 72%
(54 of 75) of the published studies. Only 4 of 10 studies
explicitly reported study approval by their local ethics
committee or institutional review board.
Tables 2–4 summarise the reporting of study methods,
results, and discussion of these studies. The mean k as a
measure of interobserver agreement beyond chance was
0.81, with a range of 0.54 (learning curve addressed) to 1.00
(scientific rationale/background explained). A high proportion of studies provided the scientific rationale for the study
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Table 1 – Characteristics of published robot-assisted
laparoscopic prostatectomy studies (n = 75) from 2001 to 2008
No. (%)
Year of publication
2001–2004
2005–2008

20 (26.7)
55 (73.3)

Study design
Case series
Retrospective cohort
Prospective cohort
RCTs

56
11
6
2

Number of centres
1
2

72 (96.0)
3 (4.0)

Funding source addressed
Yes
No

2 (2.7)
73 (97.3)

IRB review speciﬁed
Yes
No

31 (41.3)
44 (58.7)

Overall sample size
1–99
100–199
200

25 (33.3)
21 (28.0)
29 (38.7)

Research by setting
Academic
Community
Not speciﬁed

5 (6.7)
1 (1.3)
69 (92.0)

No. surgeons
1–4
5
Not speciﬁed

49 (65.3)
5 (6.7)
21 (28.0)

(74.7)
(14.7)
(8.0)
(2.7)

RCT = randomised, controlled trial; IRB = institutional review board.

(100.0%), described the surgical technique used (80.0%), and
outlined the methods used to assess outcomes (76.0%).
Approximately 6 of 10 studies (64.0%) addressed the surgical
learning curve, and 4 of 10 studies (37.3%) used standardised
questionnaires for the assessment of functional outcomes. At
the same time, few studies defined a single primary outcome
(9.3%) or mentioned sample size considerations (1.3%).
Comparing the two time periods, the proportion of studies

that described their surgical technique dropped from 100.0%
to 72.2% ( p = 0.009), and addressing the learning curve fell
from 90.0% to 54.2% ( p = 0.005).
Table 3 provides summary information on the quality of
result reporting. A large proportion of studies described the
study population overall (70.7%), stated the timeline for
when the procedures were performed (76.0%), and described the number and nature of complications (76.0%).
Less than half of the studies (41.2%) provided an average
length of follow-up, and less than a quarter of the studies
(22.7%) addressed completeness of follow-up. Reporting did
not improve over time for any of these criteria.
Information about reporting quality of discussion items is
summarised in Table 4. Strong points were the interpretation
of study results (98.7%), addressing the underlying hypothesis (90.7%), and interpretation in the context of the current
evidence (97.3%). Meanwhile, less than one-quarter of the
studies addressed generalisability of the results (21.3%),
approximately one-third discussed the implications of
missing data (36.1%), and only half included a discussion
of potential sources of bias in the study (50.7%). With regard
to the quality of reporting of discussion criteria, no significant
changes over time were noted.
4.

Discussion

In this study, we critically appraised the quality of evidence
underpinning the dramatic paradigm shift from open RP to
RALP as the preferred surgical approach. Key findings of this
study were the absence of any RCT that compared the
therapeutic effectiveness and potential complications of
RALP to the more established surgical approaches as well as
the lack of improvement of reporting quality over time. The
only two RCTs we found contrasted technical modifications
of RALP rather than comparing RALP to open or laparoscopic
prostatectomy. Both studies, which focused on the effectiveness of the so-called Rocco stitch and the relative advantages
and disadvantages of an extra- versus intraperitoneal
approach were reported in the 2005–2008 time period by
major contributors to the RALP literature [16,17]. However,

Table 2 – Quality of methods reporting in published robot-assisted laparoscopic prostatectomy studies (n = 75) from 2001 to 2008
Methods

Scientiﬁc rationale/background explained
Inclusion/exclusion criteria described
Single primary outcome
Surgical technique described
Learning curve addressed
Standardisation of perioperative care
Methods of assessing outcome described
Standardised questionnaire for functional outcomes
Blinding of evaluators
Active follow-up
Considerations to justify sample size
Statistical methods described
Reporting effect size for outcomes
N/A = not available.

Overall

Year of publication

p value

2001–2004 (n = 20)

2005–2008 (n = 55)

% (No.)

% (No.)

% (No.)

100 (75)
46.7 (35)
9.3 (7)
80.0 (60)
64.0 (48)
26.7 (20)
76.0 (57)
37.3 (28)
18.7 (14)
49.3 (37)
1.3 (1)
60.0 (45)
1.3 (1)

100.0 (20)
45.0 (9)
0 (0)
100.0 (20)
90.0 (18)
25.0 (5)
65.0 (13)
25.0 (5)
25.0 (5)
45.0 (9)
0 (0)
55.0 (11)
0 (0)

100.0 (55)
47.3.3 (26)
12.7 (7)
72.2 (40)
54.5 (30)
27.3 (15)
80.0 (44)
41.8 (23)
16.4 (9)
50.9 (28)
1.8 (1)
61.8 (34)
1.8 (1)

–
N/A
0.810
0.156
0.009
0.005
0.844
0.179
0.183
0.396
0.651
0.544
0.594
0.676

933

EUROPEAN UROLOGY 57 (2010) 930–937

Table 3 – Quality of results reporting in published robot-assisted laparoscopic prostatectomy studies (n = 75) from 2001 to 2008
Results

Overall

Year of publication

% (No.)
Patient population adequately described
Baseline demographic data given for each group
Timeline for cases clearly stated
Median/mean length of follow-up reported
Attrition of subjects and reason recorded
Number and nature of complications addressed

70.7
89.3
76.0
41.2
22.7
76.0

(53)
(67)
(57)
(28)
(17)
(57)

p value

2001–2004 (n = 20)

2005–2008 (n = 55)

% (No.)

% (No.)

80.0
90.0
75.0
33.3
10.0
80.0

(16)
(18)
(15)
(6)
(2)
(16)

67.3
89.1
76.4
44.0
27.3
74.5

(37)
(49)
(42)
(22)
(15)
(41)

–
0.284
0.910
0.903
0.262
0.114
0.625

Table 4 – Quality of discussion reporting in published robot-assisted laparoscopic prostatectomy studies (n = 75) from 2001 to 2008
Discussion

Overall

% (No.)
Addresses generalisability of ﬁndings
Authors address missing data
Addresses sources of potential bias/study limitations
Interpretation of results reported
Explicitly addresses study hypothesis
Interpretation in context of current evidence

21.3
36.1
50.7
98.7
90.7
97.3

(16)
(21)
(38)
(74)
(68)
(73)

the results of our analysis did not differ (data not shown)
when limited to the subset of 54 studies by authors who had
published more than one study. Our findings are largely
consistent with those of a recent systematic review by Ficarra
et al of the open retropubic, laparoscopic, and RALP
procedures. The authors found that laparoscopic prostatectomy and RALP were associated with lower blood loss and
transfusion rates but concluded that there was little evidence
to support relative superiority of one operative approach over
another overall [7].
RCTs allow investigators to carefully control for different
types of bias by implementing methodologic safeguards such
as random allocation concealment, blinding, intention-totreat analysis, and completeness of follow-up [18]. For these
reasons, RCTs (and systematic reviews thereof) stand at
the top of the hierarchy of evidence, which represents one of
the guiding principles of evidence-based clinical practice
[19]. Within the framework of an evidence-based practice of
urology, one would therefore expect that the widespread and
rapid adoption of a new surgical device be supported by highquality evidence, indicating superiority, which was not the
case for RALP. The way new technology is adopted—as
exemplified by RALP—therefore stands in notable contrast to
the standards for pharmaceutical agents, where RCT
evidence of at least noninferiority is a prerequisite for
regulatory approval—for example, by the US Food and
Drug Administration (FDA). In contrast, standards for FDA
approval of surgical devices are much less rigorous, thereby
underscoring the role of aggressive marketing to promote the
adaptation of new technology in the community.
RCTs of surgical procedures and devices can be particularly challenging. Specific issues relate to the inability to blind
surgeons to the procedure being performed as well as the
logistical and ethical challenges of blinding study subjects
[18]. Another issue relates to the difficulty in controlling for
the surgical skills and experience of individuals surgeons,

Year of publication

p value

2001–2004 (n = 20)

2005–2008 (n = 55)

% (No.)

% (No.)

25.0 (5)
35.0 (7)
40.0 (8)
100 (20)
95.0 (19)
95.0 (19)

20.0
25.5
54.5
98.2
89.1
98.2

(11)
(14)
(30)
(54)
(49)
(54)

–
0.640
0.416
0.265
0.544
0.437
0.449

which have been shown to be an important predictor of
outcomes [20,21]. In addition, surgeons and patients
frequently lack equipoise and are therefore unwilling to
accept random allocation to an invasive surgical procedure
[12]. These reasons in part explain the relative paucity of
RCTs in the urologic literature, thereby emphasising the
importance of observational studies of high methodologic
quality [12,22]. With this background, the low reporting
quality of observational studies, which represents the vast
majority of evidence for RALP, is critically important. Not only
were a majority of studies single-armed surgical case series
that lacked a comparison group, but they also failed to
provide the type of information that would allow critical
readers to assess the validity, impact, and applicability of the
study results to their patients. For example, failure of study
authors to address the handling of missing data as well as the
lack of information on completeness of follow-up raise
concerns about selection bias. Also, failure to identify study
inclusion and exclusion criteria as well as origin of nearly
three-quarters of studies from only 12 centres question to
what extent the results can be generalised to a larger
population.
These concerns are underscored by a recent populationbased study by Hu et al, which found that patients
undergoing minimally invasive prostatectomy (laparoscopic
and robotic-assisted laparoscopic) compared to open techniques had 3.7 times (95% confidence interval, 2.8–4.8)
increased odds of requiring salvage therapy [23]. A follow-up
study also found an increased risk of complications, urinary
incontinence, and erectile dysfunction in patients undergoing a form of minimally invasive prostatectomy from 2003 to
2007 [9]. Other issues with RALP are the extreme costs
related to the initial installation and maintenance of a robotic
system [11]. These findings raise questions as to whether the
rapid and relatively uncritical adoption of RALP was
appropriate when viewed from a societal perspective. The
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importance of this issue is further underscored by the fact
that comparative effectiveness research of robot-assisted
surgery was identified as one of 100 priority topics identified
by the American Recovery and Reinvestment Act of 2009
[24].
Strengths and limitations of this study deserve consideration. Strengths include the use of a data-abstraction
instrument that was adapted from the STROBE checklist,
pilot tested and independently applied by two separate
reviewers who achieved a high degree of interobserver
agreement. Limitations include our focus on studies
published in the English language. These inclusion criteria
were based on the assumption that the early adoption of
RALP took place in the United States and Europe and that
resulting publications would primarily be in the English
language. Second, we assumed that only studies that
resulted in full-text publication would provide the necessary methodologic detail to assess whether their claims
were valid. Third, we acknowledge the inherent subjectivity
of any assessment of methodologic quality, even when
performed by two independent observers. In this study,
we applied minimal standards for each of the STROBE
criteria, giving investigators the benefit of the doubt. Our
results may therefore be regarded as an optimistic
interpretation of the actual reporting quality. Finally, we
recognise that the actual methodologic study quality may
be better than reported [25]. However, because the full-text
publication represents the only readily accessible record of
how a study was conducted, assessments such as these
remain relevant.
In summary, this study finds that rapid and widespread
adoption of RALP is not supported by high-quality evidence
that would be suitable to demonstrate relative superiority
over alternative surgical techniques it has replaced. In an era
of exploding health care costs that mandate an increasing
role for comparative effectiveness research, higher standards
for the adoption of new surgical devices appear necessary.
Aside from stricter regulatory requirements, raising the
awareness for the principles of valid clinical research in the
urologic community appears important. A recent article by
McCullough et al that makes recommendations for the future
assessment of surgical procedures and devices based on a
five-stage description of the surgical development process is
noteworthy in this context [26]. Ongoing efforts to conduct
RCTs, such as the Randomised Controlled Trial of Laparoscopic, Open and Robot Assisted Prostatectomy as Treatment
for Organ-confined Prostate Cancer (LopeRA) trial and the
Bladder cancer: Open versus Laparoscopic or RObotic
cystectomy (BOLERO) trial—both in planning in the United
Kingdom—also lend hope that the role of robotic surgery will
indeed be better defined in the future.
5.

Conclusions

The published RALP literature is limited to uncontrolled,
observational studies, many of which are of poor methodologic quality. Most studies originate from a few select
centres. These findings draw into question to what extent
valid conclusions about the relative superiority or equiva-

lence of RALP to other surgical approaches can be drawn and
whether outcomes can be generalised to a broader
community. There is an urgent need to raise the methodologic standards for clinical research for newly introduced
urologic procedures and devices.
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