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Abstract
To describe perioperative outcomes following robot-assisted prostatectomy performed by a single surgeon during transi-
tions between da Vinci standard/Si/Xi and the single port. Perioperative data were retrospectively evaluated of the first 40 
consecutive robot-assisted radical prostatectomies performed by a single surgeon using the da Vinci standard, Si, Xi and 
single port. A total of 160 patients were included. We matched standard vs Si (Match 1), Si vs Xi (Match 2) and Xi vs single 
port (Match 3) cohort. Mann–Whitney and Fisher’s tests were used to test the difference among the groups. Univariate and 
multivariate logistic regression analyses were adopted to evaluate the predictors of overall and major complications. Single-
port procedures in Match 3 showed significant shorter median operative time than Xi. Both Si and single-port groups showed 
significantly less median blood loss, a shorter median length of stay, respectively, than standard group in Match 1 and than 
Xi group in Match 3. 1 standard group patient required conversion to open surgery for an unsolvable conflict of the robotic 
arms. No other intraoperative complications were noted. On univariate and multivariate analyses, the da Vinci platform 
model was not a predicting factor of major complications (Clavien–Dindo ≥ 3). We described how technological progress 
impacted peri and postoperative outcomes during transitions between robotic surgical platforms for radical prostatectomy. In 
particular, the technological improvements associated to the increased surgeon’s expertise made the transition to the single 
port safe and effective when compared with previous platforms.

Keywords Prostate cancer · Robotic surgery · Robot-assisted radical prostatectomy · Platforms comparison · Single port · 
Multiport

Introduction

Since its initial approval in 2000 by the United States Food 
and Drug Administration (FDA), the da Vinci surgical robot 
(Intuitive Surgical Inc. Sunnyvale, CA) has been rapidly 
adopted by urologists for performing radical prostatectomy 
(RP) [1]. Between 2003 and 2013, the proportion of Robot-
Assisted Radical Prostatectomy (RARP) rose from 1.8 to 
85%[2] and since the release of the initial da Vinci standard 
(S) model, there have been several iterations of this platform 
released including the Si (2009), Xi (2014) and single-port 
(SP) (2018) systems.

Transitions in surgical technology represent both a pos-
sible technological improvement as well as the potential to 
impact patient safety. While marketing for these technologies 
often focus on novel functionalities or features, if surgeons 
are unfamiliar or inexperienced with these systems, there is a 
potential for adverse patient outcomes. In particular, surgical 
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robotics have been criticized for a reliance on unproven mar-
keting claims [3] as well as evidence suggesting an increased 
prevalence of adverse patient safety events for RP early in 
the diffusion period of this technology [4]. As such, it is 
critically important to assess operative outcomes to ensure 
that transitions in surgical technology are not associated 
with increased risks for patients. While prior surgical robots 
adopted a similar configuration utilizing multiple ports and 
rigid laparoscopic instruments, the SP system represents a 
more significant departure from prior multiport (MP) plat-
forms with a single robotic trocar and flexible articulating 
camera and instruments [5]. Early investigations have dem-
onstrated the utility of the SP platform across a variety of 
surgical operations including prostatectomy [6–9], partial 
nephrectomy [10], pyeloplasty [11], vaginoplasty [12] and 
ureteral re-implantation [13].

To date, only one single surgeon multi-platforms com-
parison study in urology has been described which was for 
robot-assisted radical nephroureterectomy [14]. Currently, 
no investigator has reported their outcomes during transi-
tions across multiple robotic platforms to examine how the 
introduction of a new platform impacts perioperative and 
pathological outcomes of interest for RARP.

The aim of this study was to describe the approach to 
each new platform comparing the outcomes among the first 
40 RARP performed by a single surgeon using da Vinci S, 
Si, Xi & SP platform, evaluating if the transition to novel 
robotic technology was associated with adverse patient 
outcomes.

Materials and methods

Patient cohort

After Institutional Review Board approval at all participating 
Institutions, we retrospectively collected data of the first 40 
consecutive RARPs performed by a single surgeon using the 
Da Vinci S, Si, Xi and SP platforms. Overall, 160 patients 
were included and classified into four groups according to 
the robot used. No specific exclusion criteria were used 
beyond case order as previously described. A 40-case cut-
off was selected a priori according to literature regarding the 
multi-platforms comparison study [14]

The first 40 consecutive RARP were performed using the 
da Vinci standard between December 2009 and May 2011 
at the University of Udine, Italy. These were the first cases 
performed by the surgeon as an attending following comple-
tion of a 1-year minimally invasive urology fellowship.

The da Vinci Si cohort consisted of the first 40 consecu-
tive RARP performed between May 2014 and October 2015 
at the University of Illinois at Chicago (UIC). At this point, 

the surgeon had an approximately 200 RARPs experience 
with the da Vinci S platform.

The da Vinci Xi cohort included the first 40 consecutive 
RARP performed between February 2016 and December 
2016 at UIC. Overall, the surgeon had an experience of 270 
RARPs with the S and Si platforms.

The da Vinci SP cohort included 40 consecutive RARP 
performed between December 2018 and October 2019 at 
UIC. Prior to these operations, the attending surgeon had 
performed approximately 400 multiport RARPs.

Surgical technique

The RARP surgical technique adopted for S, Si and Xi has 
been previously described [15] and the anastomosis was per-
formed with a double‐armed running suture according to 
Van Velthoven technique [16]. SP-RARPs were performed 
with a few technical changes from the MP-RARP technique 
as previously described [6].

Clinical variables

Preoperative, perioperative, and postoperative parameters 
were evaluated according to STROBE protocol [17]. Com-
plications were assessed according to the Clavien–Dindo 
classification (major: Clavien ≥ 3) [18]. All specimens were 
reviewed by a specialist uropathologist. Positive surgical 
margins (PSM) were defined as the presence of tumor at the 
inked surface of the specimen. Continence was defined as 0 
or 1 (safety) pad per day.

Statistical analysis

Statistical analysis followed the guidelines for report-
ing of statistics for clinical research in urology [19]. We 
focused the analysis on consecutive systems to reduce the 
bias associated with the increasing surgeon’s expertise 
across cohorts. For this reason, matched the da Vinci S 
cohort to the da Vinci Si cohort (Match 1), the da Vinci 
Si cohort to the da Vinci Xi cohort (Match 2) and finally 
the da Vinci Xi cohort to the da Vinci SP (Match 3). Con-
tinuous variables were reported as median [interquartile 
range (IQR)], whereas proportions and percentages were 
adopted for dichotomous data. The Mann–Whitney U test 
was deemed as appropriate to assess the difference among 
continuous variables. The Fisher’s exact test was used to 
evaluate the difference between dichotomous variables. 
Univariate and multivariate logistic regression analyses 
were used to evaluate the predictors of overall and major 
complications and included age at the surgery, D’Amico 
risk group, clinical and pathological International Soci-
ety of Urological Pathology (cISUP and pISUP) group, 
and robotic platform model as covariates. All analyses 
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were performed with Stata® 15.0 (StataCorp 2017. Stata 
Statistical Software: release 15. StataCorp LLC, College 
Station, TX, USA), and statistical significance was set 
at p < 0.05. The statistical codes adopted were: ranksum, 
tabulate exact, logistic.

Results

Preoperative variables

Table  1 shows preoperative and population features. 
Patients in the S group were significantly older [67.5 
(61.0–70.5) vs 59.0 (58.0–64.5) years; p < 0.01] and 
showed lower preoperative Prostate Specific Antigen 
(PSA) [4.9 (3.7–6.4) vs 7.0 (5.6–12.0) ml/dl; p < 0.01] 
compared to the Si group in the match 1. Clinical ISUP 
was significant inferior in the S group compared to the 
Si group: 1/40 vs 22/40 patients with high-risk disease 
(cISUP > 2) [p < 0.01]. While BMI increased progres-
sively, these differences were not statistically significant 
between the groups in any of the matches. The D’Amico 
risk groups were significantly higher in the Si group com-
pared to S group in match 1 (p < 0.01) and in the Xi group 
compared to the SP group in Match 3 (p < 0.01).

Perioperative data

Intraoperative outcomes are described in Table 2. Si group 
showed significantly inferior blood loss 100 (50–150) vs 300 
(150–300) ml [p < 0.01], a shorter length of stay 2 (2–3) 
vs 3 (3–4) days [p < 0.01], a shorter median postoperative 
urethral catheterization 9.0 (7.0–13.0) vs 10.0 (9.8–12.3) 
[p < 0.01] days compared to the standard group in Match 1.

SP procedures in Match 3 showed significantly shorter 
operative times 238.5 (219.3–258.0) vs 270.5 (253.8–293.3) 
minutes [p < 0.01], and small but significantly reduced blood 
loss [75 (50–125) vs 88 (50–100) ml; p < 0.01], shorter 
median length of stay 1 (1–1) vs 2 (2–3) days [p < 0.01], 
and shorter median postoperative urethral catheterization 
8.5 (7.0–10.0) vs 9.0 (9.0–11.0) [p 0.02] days as compared 
to the Xi group.

One standard group patient required conversion to an 
open surgical technique for an unsolvable conflict of the 
robotic arms. No additional intraoperative complications 
were noted.

Postoperative data

Table 3 shows postoperative outcomes. Tumor aggressive-
ness (pISUP) was significantly lower in S group than Si in 
Match 1 (p < 0.01), in Xi group than Si group in Match 2 

Table 1  Preoperative and population features

Highlighted bold values are  p values < 0.05

Match 1 Match 2 Match 3

Standard 
(n = 40)

Si (n = 40) p Si (n = 40) Xi (n = 40) p Xi (n = 40) SP (n = 40) p

Median (IQR) 
age (years)

67.5 (61.0–
70.5)

59.0 (58.0–
64.5)

 < 0.01 59.0 (58.0–
64.5)

63 (57.0–66.5) 0.42 63 (57.0–66.5) 61.5 (58.0–
65.0)

0.36

Median BMI 
(IQR) (kg/m2)

25.8 (24.2–
28.0)

28.2 (23.3–
30.7)

0.22 28.2 (23.3–
30.7)

28.5 (25.4–
32.4)

0.12 28.5 (25.4–
32.4)

29.6 (25.4–
30.5)

0.87

Median (IQR) 
Charlson 
comorbidity 
index

2 (1–2) 2 (1–3) 0.75 2 (1–3) 3 (2–3) 0.48 3 (2–3) 3 (2–4) 0.05

Median (IQR) 
preoperative 
PSA (ng/ml)

4.9 (3.7–6.4) 7.0 (5.6–12.0)  < 0.01 7.0 (5.6–12.0) 9.2 (5.0–15.5) 0.90 9.2 (5.0–15.5) 7.1 (6.5–12.1) 0.98

Biopsy grade group (ISUP)
 1 33 (83%) 9 (22.5%)  < 0.01 9 (22.5%) 9 (22.5%) 0.11 9 (22,5%) 6 (15.0%) 0.43
 2 6 (15%) 9 (22.5%) 9 (22.5%) 16 (40.0%) 16 (40%) 22 (55.0%)
 3 1 (3%) 9 (22.5%) 9 (22.5%) 8 (20.0%) 8 (20%) 4 (12.5%)
 4–5 0 (0%) 13 (32.5%) 13 (32.5%) 7 (17.5%) 7 (17.5%) 8 (20.0%)

Prostate cancer risk group (D’Amico)
 Low risk 31/40 (77.5%) 7/40 (17.5%) 7/40 (17.5%) 5 (12.5%) 5 (12.5%) 15 (37.5%)
 Intermediate 

risk
7/40 (17.5%) 18/40 (45.0%)  < 0.01 18/40 (45.0%) 22 (55%) 0.71 22 (55%) 14 (35.0%) 0.03

 High risk 2/40 (5.0%) 15/40 (37.5%) 15/40 (37.5%) 13 (32.5%) 3 (32.5%) 11 (27.5%)
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(p < 0.01) and in Xi than SP group in Match 3 (p < 0.01). 
S group showed inferior pT stage (p < 0.01) and a lower 
rate of lymphadenectomy compared to Si (p < 0.01). PSM 

were significantly higher in Xi than Si group in match 2 
21/40 (52.5%) vs 11/40 (27.5%) [p 0.04].

Median length of stay and duration of postoperative 
catheterization were significantly shorter in Si group than 

Table 2  Intraoperative outcomes

Highlighted bold values are  p values < 0.05

Match 1 Match 2 Match 3

Standard 
(n = 40)

Si (n = 40) p Si (n = 40) Xi (n = 40) p Xi (n = 40) SP (n = 40) p

Median opera-
tive time 
(IQR) (Min)

270.0 (220.0–
300.0)

262.5 (241.8–
303.5)

0.71 262.5 (241.8–
303.5)

270.5 (253.8–
293.3)

0.60 270.5 (253.8–
293.3)

238.5 (219.3–
258.0)

< 0.01

Median esti-
mated blood 
loss (IQR) 
(mL)

300 (150–300) 100 (50–150) < 0.01 100 (50–150) 88 (50–100) 0.10 88 (50–100) 75 (50–125) < 0.01

Median (IQR) 
length of stay 
(Day)

3 (3–4) 2 (2–3) < 0.01 2 (2–3) 2 (2–3) 0.35 2 (2–3) 1 (1–1) < 0.01

Median (IQR) 
postopera-
tive urethral 
catheteriza-
tion (Day)

10 (10–12) 10 (10–12) < 0.01 9 (7–13) 9 (9–11) 0.14 9 (9–11) 9 (7–10) 0.02

Table 3  Postoperative outcomes

Highlighted bold values are  p values < 0.05

Match 1 Match 2 Match 3

Standard (n = 40) Si (n = 40) p Si (n = 40) Xi (n = 40) p Xi (n = 40) SP (n = 40) p

Pathological grade group (ISUP
 1 19/40 (47.5%) 2/40 (5%)  < 0.01 2/40 (5%) 3/40 (7.5%)  < 0.01 3/40 (7.5%) 1/40 (2.5%) 0.70
 2 15/40 (37.5%) 11/40 (27.5%) 11/40 (27.5%) 23/40 (57.5%) 23/40 (57.5%) 24/40 (60.0%)
 3 2/40 (5%) 14/40 (35%) 14/40 (35%) 7/40 (17.5%) 7/40 (17.5%) 9/40 (22.5%)
 4–5 4/40 (10%) 13/40 (32.5%) 13/40 (32.5%) 7/40 (17.5%) 7/40 (17.5%) 6/40 (15.0%)

Pathological stage
 pT2 32/40 (80%) 27/40 (67.5%) 0.47 27/40 (67.5%) 22/40 (55%) 0.58 22/40 (55%) 24/40 (60.0%) 0.82
 pT3a 6/40 (15%) 9/40 (22.5%) 9/40 (22.5%) 12/40 (30%) 12/40 (30%) 9/40 (22.5%)
 pT3b/pT4 2/40 (5%) 4/40 (10%) 4/40 (10%) 6/40 (15%) 6/40 (15%) 7/40 (17.5%)
 pNx 36/40 (90%) 21/40 (52.5%) 21/40 (52.5%) 17/40 (42.5%) 17/40 (42.5%) 21/40 (52.5%)
 pN0 4/40 (10%) 17/40 (42.5%) < 0.01 17/40 (42.5%) 19/40 (47.5%) 0.59 19/40 (47.5%) 11/40 (27.5%) 0.43
 pN1 0 (0%) 2/40 (5%) 2/40 (5%) 4/40 (10%) 4/40 (10%) 6/40 (15.0%)

Median lymph 
node yield (IQR)

5.0 (3.0–6.0) 7.5 (4.0–11.0) 0.34 7.5 (4.0–11.0) 9.0 (7.5–16.0) 0.03 9.0 (7.5–16.0) 12.0 (9.0–12.0) 0.88

Positive surgical 
margins

8/40 (20%) 11/40 (27.5%) 0.60 11/40 (27.5%) 21/40 (52.5%) 0.04 21/40 (52.5%) 15/40 (38.5%) 0.26

Major complica-
tions (CL-D > 3)

6/40 (15%) 5/40 (12.5%) 0.61 5/40 (12.5%) 5/40 (12.5%) 1.00 5/40 (12.5%) 5/40 (12.5%) 1.00

90-day undetect-
able PSA rate

37/40 (92.5%) 34/40 (85.0%) 0.74 34/40 (85.0%) 36/40 (90.0%) 0.74 36/40 (90.0%) 33/38 (86.8%) 0.73

90-day continence 
rate (0–1 pad/
day)

29/39 (74.4%) 24/33 (72.7%) 0.48 24/33 (72.7%) 27/36 (75.0%) 1.00 27/36 (75.0%) 25/37 (67.6%) 0.61
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Standard group in match 1 (p < 0.01) and in SP group than 
Xi group in Match 3 (p < 0.01). While major complication 
rates were similar between groups in all the matches.

The 90-day undetectable PSA rate and the 90-day conti-
nence rate were not significantly different in all the matches.

On univariate and multivariate analyses, the da Vinci 
platform model was not an independent predictor of major 
complications (Clavien–Dindo ≥ 3).

Discussion

In this project, we sought to describe early, peri and post-
operative outcomes for RARP during the transitional phase 
of a surgeon’s first 40 cases across 4 consecutive da Vinci 
platforms (standard, Si, Xi, and single port) to determine if 
transitions in technology were associated with adverse clini-
cal outcomes. We focused the analysis on passage between 
consecutive robotic systems without comparing in a binary 
analysis multiport vs single port to reduce the bias associ-
ated with the increasing surgeon’s expertise across cohorts. 
For this reason, we matched the da Vinci S cohort to the da 
Vinci Si cohort (Match 1), the da Vinci Si cohort to the da 
Vinci Xi cohort (Match 2) and finally the da Vinci Xi cohort 
to the da Vinci SP (Match 3). We found that transitions 
in surgical technology were not a predictor of significant 
complications on either univariate or multivariate analysis; 
however, we did find improvements in estimated blood loss, 
median length of stay, and median urethral catheterization in 
Match 1 (the transition from the standard to the Si system) as 
well as Match 3 (the transition from the Xi to the SP system) 
and shorter operative times for the SP system as compared 
to its multiport predecessor.

This is the first experience of this genre reported in lit-
erature for RARP.

Previously, only few authors have assessed the impact of 
robotic platforms on patients’ outcomes. Patel et al. showed 
shorter operative time for the da Vinci Xi than the older 
da Vinci S/Si platforms during nephroureterectomy [14]. 
However, this difference was explained as resulting from to 
the lack of patient repositioning for the ureteral dissection 
using the Xi system. Other comparisons for partial nephrec-
tomy [20], adrenalectomy [21] and prostatectomy [22] dem-
onstrated that the Xi system provided shorter docking and 
console time as compared to the Si system. [20–22] Given 
that the SP platform is a new technology, no similar studies 
have been reported using this system.

As with many such studies, we found statistical differ-
ences between arms that can be explained though they may 
have occurred by chance and others that may have occurred 
by chance or are simply not as easily explained.

Within these series, the Match 1 (S vs Si) is affected by 
two bias. First, the surgeon’s lack of robotic experience 

before performing the S series (that were his first cases as 
an attending following a 1-year minimally invasive urology 
fellowship) could affect the differences in intra and postop-
erative outcomes with the Si series (performed by the sur-
geon after 200 prostatectomies). As such, the improvement 
in intraoperative outcomes between the S and Si operations 
may be resulted from increased surgeon experience and the 
primary surgeon’s learning curve, as described in literature 
[23, 24].

Additionally, the S group was performed in Italy and has 
significantly differences in preoperative and disease features 
from the Si population (which was mainly African Ameri-
can) performed in the United States; so differences in patient 
populations, combined with a movement toward active sur-
veillance may contribute to the differences in pathology 
observed between groups. [25]

The Match 2 (Si vs Xi), showed only one difference in 
terms of PSM which were higher in the Xi cohort. An expla-
nation might reside in the higher rate of pT ≥ 2 tumors and 
intrafascial nerve sparing procedures. This finding is not 
consistent with previous evidence [22]. The increased nodal 
yields are probably correlated with the increased surgeon 
experience [26]

The Match 3 (Xi vs SP) was chronologically placed in 
the plateau phase of the surgeon’s learning curve, with over 
270 procedures. Since the learning curve for prostate cancer 
surgery, as measured by cancer recurrence, plateaus after 
approximately 250 operations [27], this may represent an 
advantage of the da Vinci SP to improve operative time as 
a result of simplified docking and undocking. Prior com-
parative studies demonstrated a similar improvement of 
approximately 20 min in the SP arm as compared to the 
Xi (255.9 ± 44.1 versus 274.7 ± 50.4 min, respectively), 
(p = 0.06) to the 32-min improvement seen in our experi-
ence (p < 0.01). Additionally, this comparison demonstrated 
small, but significant reductions in hospital stay resulting 
from improved patient recovery and convalescence which 
may be justified by the significantly pain-free rate in patients 
operated with the SP platform, as shown by Vigneswaran 
et al. analyzing the differences in robotic surgery for local-
ized prostate cancer using a single-port robotic platform 
compared to the traditional multiport robotic platform [28].

This project represents a unique dataset as few surgeons 
have had the opportunity to perform a longitudinal series of 
RARPs across four different da Vinci models allowing to 
describe what happened in terms of outcomes during transi-
tions in technology from the standard to the Si, from the Si 
to the Xi and from the Xi to the SP robotic system. An inher-
ent confounding factor in our analysis is greater surgeon 
experience across each cohort, a bias that makes direct com-
parison of the four robots somewhat more challenging. To 
account for this, we focused on individual transitions from 
each platform to its successor. These findings also showed 
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that the learning curve for SP-RALP is relatively short for 
experienced robotic surgeons, even without a previous single 
site surgical experience.

The main limitation of this study was the retrospective 
nature of the analysis and the non-randomization of the 
patients between groups. Although, the sample sizes were 
not large, this is a preliminary study and describes our pre-
liminary perioperative outcomes with both the da Vinci 
standard, Si, Xi and SP robotic platforms. Another limita-
tion was the 90-day follow-up period, not enough to evaluate 
oncological and functional outcomes, such as long-term bio-
chemical recurrence and continence. Additional longitudinal 
observation is still required to evaluate the long-term out-
comes. Despite these weaknesses, this represents a unique 
historical dataset that captures three critical moments of 
transition across four different robotic platforms.

Cost considerations are currently a valid concern for the 
acquisition of the da Vinci SP. Our institution had to afford 
an entirely new investment as there was no shared compo-
nent with the Xi System, but the next generation may allow 
for compatibility for the console and with the Xi platform. 
Radical prostatectomy is one of the procedures that would 
benefit meaningfully from this technology, but the regionali-
zation of care in designated reference centers may be neces-
sary to evaluate a cost-effective analysis of the SP system.

Conclusion

We described how technological transitions impacted peri 
and postoperative outcomes during transitions between 
robotic surgical platforms for RARP. In particular, the tech-
nological progress associated to the increased surgeon’s 
expertise made the transition to the da Vinci SP robotic 
system safe and effective when compared with previous 
platforms even in learning curve, showing shorter operative 
times, reduced blood loss, shorter length of hospitalization 
and shorter duration of urethral catheterization in favor of 
the SP system compared to the Xi.
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