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Abstract The background of this study is to compare
prospectively the oncological and functional results of open
radical prostatectomy (OP) and robotic prostatectomy (RP)
from the experience of a single surgeon. Between June
2002 and June 2007, 422 patients underwent radical prosta-
tectomy (OP 199, RP 223). We divided OP patients into 89
early cases (OP-I) and 110 late cases (OP-II) before and
after introduction of a robotic system, and RP patients into
35 early cases (RP-I) and 188 late cases (RP-II). Functional
outcomes were measured by use of validated questionnaires
completed by the patients. There were no signiWcant diVer-
ences in preoperative characteristics among the four
groups, except that RP-I patients had lower biopsy Gleason
scores. In the RP groups the mean estimated blood loss was
lower and mean durations of hospital stay and bladder cath-
eterization were shorter compared to those of the OP
groups. The frequency of intraoperative complications was
signiWcantly lower in the RP-II group. The positive surgical
margin rates in the RP-II group were similar to or lower
than those in the OP groups when stratiWed by pathologic
stage T2 and T3. From one month after surgery, RP-II
patients had higher continence rates than OP-II patients.
For patients ¸60 years old, recovery of potency was better
in the RP-II group. To conclude, RP by an experienced sur-
geon may have a similar or lower positive surgical margin
rate than OP. Additionally, RP may lead to a shorter dura-
tion of bladder catheterization and hospital stay and better
recovery of continence and potency than obtainable by OP.
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Introduction

Surgical treatment for localized prostate cancer has evolved
tremendously in the past 25 years. Since Walsh et al. [1]
introduced the nerve-sparing technique in 1982, open radi-
cal retropubic prostatectomy (OP) has been an increasingly
used treatment option. With the advent of prostate-speciWc
antigen (PSA) testing in 1987 and the accompanying
increase in newly diagnosed localized cases, the use of rad-
ical prostatectomy has continued to expand.

In the past decade there have been many advances in
radical surgery for prostate cancer, and results from the new
surgical techniques are similar to or superior to those from
the reference standard surgical therapy. Laparoscopic radi-
cal prostatectomy (LP) has a success rate equivalent to OP
but leads to a shorter hospital stay, shorter time to full
recovery, and reduced risk of blood loss. Even so, the tech-
nical diYculty of the procedure still prevents many urolo-
gists from attempting the operation [2–7].

The introduction of the da Vinci robotic system has
allowed urologists without advanced laparoscopic skills to
perform LP safely. As a result, robotic radical prostatectomy
(RP) is increasingly being used. Although many studies have
compared OP and RP, the surgical beneWts of RP are still
controversial [8–11]. Most studies have compared the results
of OP and RP as performed by several diVerent surgeons;
few have examined the experiences of a single surgeon with
both OP and RP. Moreover, to the best of our knowledge,
there have been no studies comparing, prospectively, func-
tional outcomes using validated questionnaires completed by
the patients, from the experience of a single surgeon.
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Accordingly, this study was designed to verify prospec-
tively the surgical beneWts of RP compared with OP,
especially functional outcomes, by using validated question-
naires, based on the experiences of a single surgeon.

Materials and methods

From June 2002 to June 2007, a total of 422 patients
received a radical prostatectomy from one surgeon (CY)
after being diagnosed with prostate cancer without distant
metastases. The surgeon, who had previously performed 89
OP cases using the standard retropubic approach before the
introduction of the robotic system, performed 110 OP cases
and 223 RP cases after the introduction of the da Vinci
robotic system in July 2005, without any prior experience
in LP.

The preoperative examination included a digital rectal
examination, bone scan, and computed tomography or
magnetic resonance imaging of all patients. We used the
2002 TNM classiWcation for clinical staging, and the upper
normal limit for pelvic lymphadenopathy by computed
tomography was 1 cm. The surgical approach was chosen
by each patient after thorough discussion of the merits and
drawbacks of each procedure. Otherwise no particular
selection criteria were used. All patients granted informed
consent when required by the institutional review board.

OP was performed by the standard retropubic approach
and RP by the transperitoneal approach using four robotic
arms. In all cases we performed a bilateral lymphadenec-
tomy including the obturator, external iliac, and internal
iliac lymph nodes (LNs). A nerve-saving procedure was
performed in preoperatively potent patients with preopera-
tive clinical T stage ·T2 and preoperative PSA levels
·10 ng/ml. In some clinically locally advanced cases, a
unilateral nerve-saving procedure was selectively per-
formed in patients who desired the preservation of potency
when unilateral extracapsular extension (ECE) was sus-
pected in the intraoperative Wnding. An indwelling drainage
tube was placed in all patients and removed when there was
less than 50 ml of drained Xuid in OP cases and less than
100 ml of drained Xuid in RP cases. We made it a rule to
remove the urethral Foley on postoperative day 7 in all
cases, but we prolonged the duration of bladder catheteriza-
tion in cases of severe adhesion around the prostate, severe
bleeding, diYculties in urethrovesical anastomosis, or a
sustained amount of drainage Xuid. Moreover, we reduced
the duration of bladder catheterization if there was no spe-
ciWc problem. We did not perform a cystogram while
removing the urethral Foley if there was no recovery-
related problem. All patients were discharged at their own
discretion depending on their general condition after
removal of the drainage tube.

After introducing the robotic system, we prospectively
assessed clinical outcomes and changes from baseline by
use of a validated questionnaire assessing urinary (Interna-
tional Continence Society questionnaire: ICSmaleSF) and
sexual (International Index of Erectile Function: IIEF)
function, completed at home by the patient every three
months postoperatively for 12 months, and mailed back to
the data-management oYce. Patients were considered con-
tinent when they replied that they did not experience any
leakage or were pad-free, and potency was deWned as the
ability to have erections suYcient for intercourse with or
without the help of phosphodiesterase type 5 inhibitors.

We divided the OP group into 89 early cases (OP-I,
before the introduction of the robotic system), and 110 late
cases (OP-II, after the introduction of the robotic system),
and the RP group into 35 early cases (RP-I) and 188 late
cases (RP-II) to compare diVerences related to surgeon
experience [12]. We prospectively compared functional
results (urinary continence and sexual function) between
OP-II and RP-II after excluding 35 early cases (RP-I).

We used the chi-squared test, Fisher’s exact test, Stu-
dent’s t test, and ANOVA to compare preoperative, intra-
operative, and postoperative variables between the RP and
OP groups. Statistical analysis was performed using Statis-
tical Software for the Social Sciences, version 12 (SPSS,
Chicago, IL, USA), and p values <0.05 were considered
statistically signiWcant.

Results

Apart from one instance of system malfunction, there was
no conversion to OP during RP due to technical diYculty.
The preoperative clinical characteristics of OP and RP
patients are summarized in Table 1. There were no signiW-
cant diVerences in mean age (p = 0.149), body mass index
(p = 0.171), preoperative PSA level (p = 0.592), or clinical
stage (p = 0.072) among the four groups, but RP-I patients
had signiWcantly lower biopsy Gleason scores (p = 0.002)
compared with patients in the other groups and there was a
signiWcant diVerence in biopsy Gleason scores between the
OP-II and RP-II groups (p = 0.047).

There were signiWcant diVerences in prostatectomy
Gleason scores (p < 0.001), pathologic T stage (p = 0.002),
LN invasion rate (p = 0.003), and ECE (p = 0.038) among
the four groups. Between the OP-II and RP-II groups there
were signiWcant diVerences in prostatectomy Gleason
scores (p < 0.001), pathologic T stage (p < 0.001), but no
diVerences in LN invasion rate and ECE. Nerve-saving pro-
cedures were performed less often in the RP-I group and
more often in the RP-II group compared with the OP
groups. There was a signiWcant diVerence in the positive
surgical margin rate for cases overall among the four
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groups (p < 0.001). When T2 and T3 stages were evaluated
separately, however, there was only a signiWcant diVerence
between groups for pathologic stage T2, but not pathologic
stage T3 (p = 0.007, p = 0.249, respectively). In the analy-
sis of pathologic stage T2 cases alone, the positive surgical
margin rate in the RP-II group was comparable with that in
the OP-II group (p = 1.000), and both OP-II and RP-II
groups had signiWcantly lower positive surgical margin
rates compared with the other groups. In the analysis of
pathologic stage T3 cases alone, the positive surgical mar-
gin rate in the RP-II group was slightly lower than in the
other groups, but the trend did not reach statistical signiW-
cance (for cases overall among the four groups, p = 0.249,
between OP-II and RP-II, p = 1.000). Estimated blood loss
(EBL) was signiWcantly smaller in the RP group, especially
the RP-II group (OP-I: 1,080.3 § 328.0 ml, OP-II:
748.3 § 211.9 ml, RP-I: 647.1 § 211.8 ml, RP-II: 333.3 §
213.7 ml, p < 0.001). There were signiWcant diVerences in
the postoperative normal diet start day (OP-I: 2.3 § 0.7 days,
OP-II: 1.8 § 0.6 days, RP-I: 1.8 § 0.4 days, RP-II:
1.4 § 0.5 days, p < 0.001), the duration of hospital stay
(OP-I: 8.9 § 1.9 days, OP-II: 6.6 § 0.6 days, RP-I:
5.2 § 0.8 days, RP-II: 3.6 § 0.6 days, p < 0.001), and bladder
catheterization (OP-I: 8.7 § 0.6 days, OP-II: 7.7 § 0.7 days,
RP-I: 8.0 § 1.0 days, RP-II: 7.3 § 0.6 days, p < 0.001)

among the four groups. The complication rate diVered
among the four groups (p < 0.001). Complications tended
to be more frequent in the RP-I group because of lack of
surgical experience, and less frequent in the RP-II group
(Table 2).

Table 3 compares the postoperative continence rates
between the OP-II and RP-II groups using the strict criteria
deWned above (no leakage and no pad). None of the patients
was regarded as incontinent before surgery. Full continence
rates were signiWcantly higher in the RP-II group from 1 to
12 months after surgery (postoperative 1 month: p = 0.007,
3 months: p = 0.005, 6 months: p = 0.009, 12 months:
p = 0.008).

Postoperative potency rates are shown in Table 4. A
majority of patients (76.7 and 87.3% in the OP-II and RP-II
groups, respectively) had preoperative potency with or
without the help of phosphodiesterase type 5 inhibitors. In
patients 60 years or younger, there was no diVerence in the
recovery of potency 12 months after surgery between OP-II
and RP-II groups for overall cases, even when cases with
nerve-saving procedures were analyzed separately. In
patients 60 years or older, however, potency at 12 months
after surgery was signiWcantly better in the RP-II group
compared with the OP-II group for overall cases
(p < 0.001). When the use of a nerve-saving procedure was

Table 1 Preoperative patient characteristics

BMI body mass index, GS Gleason score, OP open radical retropubic prostatectomy, PSA prostate-speciWc antigen, RP robotic radical prostatec-
tomy
a Mean § SD
b ANOVA
c Fisher’s exact test
d Chi-squared test
e Student’s t test

OP RP p value

OP-I (n = 89) OP-II (n = 110) RP-I (n = 35) RP-II (n = 188)

Age (year)a 65.1 § 6.3 66.9 § 6.0 66.3 § 9.7 67.3 § 6.2 0.149b

BMI (kg/m2)a 23.9 § 1.8 23.6 § 1.8 23.7 § 2.0 23.6 § 2.3 0.171b

Preoperative PSA (ng/ml)a 22.7 § 22.0 55.2 § 237.0 9.3 § 6.2 22.3 § 34.3 0.592b

p = 0.154e

Biopsy GS (%) 0.002c

·6 37 (41.6) 50 (45.5) 24 (68.6) 59 (31.4)

7 27 (30.3) 35 (31.8) 8 (22.9) 81 (43.1)

¸8 25 (28.1) 25 (22.7) 3 (8.6) 48 (25.5)

p = 0.047d

Clinical stage (%) 0.072d

T1 56 (62.9) 66 (60.0) 30 (85.7) 129 (68.6)

T2 13 (14.6) 18 (16.4) 4 (11.4) 18 (9.6)

T3 20 (22.5) 24 (21.8) 0 (0) 39 (20.7)

T4 0 (0) 2 (1.8) 1 (2.9) 2 (1.1)

p = 0.247c
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Table 2 Intraoperative and per-
ioperative variables according to 
operative method

OP RP p value

OP-I (n = 89) OP-II (n = 110) RP-I (n = 35) RP-II (n = 188)

Prostatectomy GS (%) <0.001c

·6 17 (19.1) 26 (23.6) 18 (51.4) 50 (26.6)

7 44 (49.4) 66 (60.0) 12 (34.3) 72 (38.3)

¸8 28 (31.5) 18 (16.4) 5 (14.3) 66 (35.1)

p < 0.001d

NVB saving (%) <0.001d

Bilateral 29 (32.6) 48 (43.6) 6 (17.1) 111 (59.0)

Unilateral 20 (22.5) 33 (30.0) 2 (5.7) 53 (28.2)

No saving 40 (44.9) 29 (26.4) 27 (77.1) 24 (12.8)

p = 0.006d

Pathologic 
stage (%)

0.002d

pT0 1 (1.1) 7 (6.4) 1 (2.9) 0 (0)

pT2 41 (46.1) 50 (45.5) 20 (57.1) 120 (63.8)

pT3 39 (43.8) 42 (38.2) 13 (37.1) 59 (31.4)

pT4 8 (9.0) 11 (10.0) 1 (2.9) 9 (4.8)

p < 0.001d

LN invasion (%) 17 (19.1) 9 (8.2) 0 (0) 13 (6.9) 0.003c

p = 0.819c

ECE (%) 47 (52.8) 53 (48.2) 14 (40.0) 68 (36.2) 0.038d

p = 0.050

Positive 
margin (%)

39 (43.8) 29 (26.4) 10 (28.6) 37 (19.7) <0.001c

pT2 (n = 231) 11/41 (26.8) 4/50 (8.0) 4/20 (20.0) 9/120 (7.5) 0.007c

p = 1.000c

pT3 (n = 153) 20/39 (51.3) 14/42 (33.3) 5/13 (38.5) 19/59 (32.2) 0.249c

p = 1.000c

EBL (ml)a 1,080.3 § 328.0 748.3 § 211.9 647.1 § 211.8 333.3 § 213.7 <0.001b

Te a b b c

Postop normal 
diet (d)a

2.3 § 0.7 1.8 § 0.6 1.8 § 0.4 1.4 § 0.5 <0.001b

Te a b b c

Hospital stay (d)a 8.9 § 1.9 6.6 § 0.6 5.2 § 0.8 3.6 § 0.6 <0.001b

Te a b c d

Catheterization (d)a 8.7 § 0.6 7.7 § 0.7 8.0 § 1.0 7.3 § 0.6 <0.001b

Te a b c d

Complication (%) 9 (10.1) 8 (7.3) 8 (22.9) 4 (2.1) <0.001c

Major

Rectal injury 2 (2.2) 1 (1.0) 1 (2.9) 1 (0.5)

Infected 
hematoma

1 (1.1) 0 (0) 0 (0) 0 (0)

Minor

Retention 1 (1.1) 0 (0) 1 (2.9) 0 (0)

Anastomotic 
leakage

1 (1.1) 2 (1.8) 1 (2.9) 0 (0)

Lymphocele 2 (2.2) 3 (2.7) 1 (2.9) 3 (1.6)

Ileus 2 (2.2) 2 (1.8) 4 (11.4) 0 (0)

ECE, extracapsular extension; 
EBL, estimated blood loss; GS, 
Gleason score; LN, lymph node; 
OP, open radical retropubic pro-
statectomy; RP, robotic radical 
prostatectomy
a Mean § SD
b ANOVA
c Fisher’s exact test
d Chi-squared test
e The same letters indicate non-
signiWcant diVerences between 
groups
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taken into account, potency was improved when a bilateral
nerve-saving procedure was performed in the RP-II group
(p = 0.002, Table 4).

Discussion

The introduction of robotic systems has enabled surgeons
with experience with OP only to successfully use RP. Nev-
ertheless, the surgical beneWts of RP are still under debate.
We prospectively compared the various methods of radical
prostatectomy for oncological and functional outcomes,
and process-related and recovery-related variables, from
the experience of a single surgeon.

According to recent studies comparing OP, LP, and RP,
it is diYcult to make meaningful comparisons of overall or
disease-speciWc survival because of the recent introduction
of the robotic system and the slow progression of prostate
cancer. After controlling for pathologic stage and grade
between OP and RP groups, past studies have found no
early diVerences in biochemical recurrence rates [13, 14].
Although positive surgical margin rates are also similar in
direct comparisons of the two techniques, the OP cohorts

from those studies were treated earlier in the PSA era and
generally had higher-volume disease. Consequently, posi-
tive surgical margin rates should be determined by expert
surgeons in each approach, and stratiWed by pathologic
stage [13, 14]. The following variables are related to intra-
operative and postoperative recovery: duration of hospital
stay and bladder catheterization, EBL, degree of postopera-
tive pain, and time to full recovery. Only EBL and time to
full recovery are reportedly superior in patients treated with
RP [3, 8, 13], and treatment with OP or RP does not lead to
deWnite diVerences in the functional outcomes of potency
recovery and continence [5, 11, 15].

The major drawback to these reports is that they each
compared the outcomes of several diVerent open surgeries
with the outcomes of varied robotic surgeries performed by
diVerent surgeons. A comparison of the two surgical tech-
niques from diVerent surgeons invites bias with regard to
the variability of training and technique, as well as surgeon
experience and skill. To date, few studies in the literature
have compared OP and RP based on the experience of a
single surgeon. Moreover, there have been no studies com-
paring, prospectively, functional outcomes using validated
questionnaires completed by the patients. Ahlering et al.
[16] reported that RP had oncological and urinary outcomes
that were at least equal to those of OP. At the same time,
the surgeon in that study had 18 years of experience with
OP, which potentially beneWtted the results of the OP
group, because the authors compared 60 recent OP cases
with 60 RP cases performed after 45 initial cases of RP.
Moreover, they reported the continence rate after only
3 months of follow-up, an insuYcient interval to evaluate
urinary function and sexual function.

In our study, we compared the results of OP and RP per-
formed by one surgeon with three years of OP experience
and divided the OP cases into 89 early cases, which were
performed before the introduction of the robotic system and
110 late cases, which were performed after its introduction.
The RP cases were also divided into 35 early cases and 188
late cases to examine diVerences related to experience. We
prospectively compared oncological and postoperative
functional outcomes by using a conWdential, self-adminis-
tered questionnaire regarding urinary continence and
potency before and 1, 3, 6, and 12 months after surgery
after the introduction of the robotic system. Although using
the date that the robotic system became available to divide
open cases into early versus late is highly arbitrary, the sur-
geon could be out of his learning curve for OP after the
early 89 cases, and we have collected the prospective data
for comparison of OP and RP since the introduction of the
robotic system. Several programs have reported that sur-
geons with minimal or no laparoscopic experience have
mastered the learning curve with the robotic system after
10–20 cases [17, 18], but 10–20 cases were not enough in

Table 3 Recovery of continence according to operative method

OP, open radical retropubic prostatectomy; RP, robotic radical prosta-
tectomy
a Chi-squared test

OP-II 
(n = 110)

RP-II 
(n = 188)

p value

Continence (%)

Postoperative 1 month 35 (31.8) 90 (47.9) 0.007a

Postoperative 3 months 62 (56.4) 136 (72.3) 0.005a

Postoperative 6 months 83 (75.5) 164 (87.2) 0.009a

Postoperative 12 months 90 (81.8) 173 (92.0) 0.008a

Table 4 Recovery of potency according to operative method

NVB, neurovascular bundle; OP, open radical retropubic prostatecto-
my; RP, robotic radical prostatectomy

*p = 0.002; **p < 0.001 by Fisher’s exact test

·60 years >60 years

OP-II (%) (n = 110) 6/15 (40.0) 27/95 (28.4)**

Bilateral NVB saving (n = 48) 4/6 (66.7) 18/42 (42.9)*

Unilateral NVB saving (n = 33) 2/6 (33.3) 9/27 (33.3)

No NVB saving (29) 0/3 (0) 0/26 (0)

RP-II (%) (n = 188) 17/26 (65.4) 92/162 (56.8)**

Bilateral NVB saving (n = 111) 14/17 (82.4) 68/94 (72.3)*

Unilateral NVB saving (53) 3/5 (60.0) 24/48 (50.0)

No NVB saving (n = 24) 0/4 (0) 0/20 (0)
123



240 J Robotic Surg (2008) 2:235–241
our experience. Accordingly, we divided the RP cases into
35 early cases and 188 late cases, as described by Rozet
et al. [12].

There were no signiWcant diVerences in clinical variables
between the OP and RP groups, except that the RP-I group
patients had lower biopsy Gleason scores. Although there
was no statistical signiWcance, the clinical stage in the RP-I
group was almost always localized because of concerns
about minimal surgical experience during the early intro-
duction of the robotic system. Positive surgical margin
rates in the RP-II group, which consisted of patients who
received treatment after the surgeon had gained experience,
were similar to or lower than those of the OP-II group. The
improvements even included patients with pathologic stage
T3 prostate cancer, although there were only a few such
patients. These Wndings contradict the results of two con-
temporary European series using diVerent surgical
approaches stratiWed by the Wnal pathologic stage in which
there appeared to be a trend towards lower positive margin
rates in patients who underwent OP for pathologic stage T3
disease [19, 20]. This important Wnding clearly requires fur-
ther study. Moreover, the postoperative “recovery”-related
variables were all lower in the RP groups, especially the
RP-II group. The frequency of complications was greater
during the early introduction of the robotic system, but it
dropped signiWcantly in the RP-II group compared with the
OP groups after the surgeon had mastered the robotic sys-
tem. Although our postoperative follow-up period was lim-
ited to 12 months, the postoperative recovery of continence
was greater in the RP-II group. In patients 60 years or
older, recovery of potency was also better in the RP-II
group when a nerve-saving procedure was performed.

The superior results we observed for all variables in the
RP group remain debatable (except for the EBL). Nonethe-
less, they could be explained by the fact that we were able
to maintain an excellent surgical visual Weld throughout the
RP because of the reduced EBL due to use of the robotic
system. The lack of tactile feedback, a potential disadvan-
tage of RP, was overcome by adapting to the robotic system
through experience.

Although a prospective randomized control trial
remains the ideal way to compare two diVerent treat-
ments, it would be diYcult to apply such an approach to
actual patients in this clinical setting. In our cohorts, each
patient chose a surgical approach after thorough discus-
sion of the merits and drawbacks of each method. There
was a probable bias in patient selection, in that the clinical
stage in the RP-I group was almost always localized
because of concerns about minimal surgical experience
during the early introduction of the robotic system. We tried
to overcome this limitation by comparing positive surgi-
cal margin rates in each approach, stratiWed by pathologic
stage.

Although longer follow-up of oncological outcomes,
such as prostate cancer-speciWc death and the recovery of
continence and potency, is needed for more patients, the
use of RP in the surgical treatment of prostate cancer is sure
to expand as surgeons gain experience with the robotic
system and other advances in technology using robotic
instruments.
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