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Abstract 

Background: The standard surgical treatment of localized prostate cancer (PCa) has been rapidly changed along 
the last two decades from open to laparoscopic and finally robot-assisted techniques. Herein, we compare the three 
procedures for radical prostatectomy (RP), namely radical retropubic (RRP), laparoscopic (LRP), and robot-assisted lapa-
roscopic (RALRP) regarding the perioperative clinical outcome and complication rate in four academic institutions.

Methods: A total of 394 patients underwent RP between January 2016 and December 2018 in four academic institu-
tions; their records were reviewed. We recorded the patient age, BMI, PSA level, Gleason score and TNM stage, type 
of surgery, the pathological data from the surgical specimen, the perioperative complications, unplanned reoperat-
ing, and readmission rates within 3 months postoperatively. Statistical significance was set at (P < 0.05). All reported P 
values are two-sided.

Results: A total of 123 patients underwent RALRP, 220 patients underwent RRP, and 51 underwent LRP. There was no 
statistically significant difference between the three groups regarding age, BMI, prostatic volume, and preoperative 
PSA. However, there were statistically significant differences between them regarding the operating time (P < .0001), 
catheterization period (P < .001), hospital stay (P < .0001), and overall complications rate (P = .023).

Conclusions: The minimally invasive procedures (RALRP and LRP) are followed by a significantly lower complication 
rate. However, the patients’ factors and surgical experience likely impact perioperative outcomes and complications.
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1  Background
Radical prostatectomy (RP) is the surgical treatment of 
prostate cancer (PCa), which has been performed for 
more than 100  years [1]. Since its introduction in 1947 
by Millin, radical retropubic approach (RRP) became the 
most popular and its morbidity reduced substantially 
after several detailed anatomic studies performed in fetal 
and adult cadavers in the late 1970s and the early 1980s 
provided critical insight into the periprostatic anatomy, 

especially that of the dorsal vein complex, the neurovas-
cular bundle, and the striated urethral sphincter [2].

Fifty years later, Schuessler and colleagues in 1997 
performed the first laparoscopic radical prostatectomy 
(LRP) that slowly rose in popularity and became a wide-
spread minimally invasive alternative to RRP, due to its 
advantages, such as the lower blood loss and transfusion 
together with a shorter hospital stay, reduced catheteri-
zation time, better pain control and the faster return to 
everyday activities [3].

Claude C Abbou was the first to perform the robot-
assisted laparoscopic approach (RALRP) in the year 2000 
[4]. The robot offered improved visualization, increased 
dexterity, restored proper hand–eye coordination, and an 
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ergonomic position for the surgeon. Despite these well-
recognized benefits, it has profound drawbacks such as 
the cost of acquiring and maintaining this new technol-
ogy can be prohibitive [5].

Despite the wide diffusion of LRP and RALRP over 
the past 10 years in Europe and the USA, no consensus 
has been attained regarding the utility of RRP, LRP, and 
RALRP for localized PCa [6]. Several comparative studies 
done and stated that LRP and RALRP are associated with 
decreased operative blood loss, decreased risk of trans-
fusion, and similar risk of positive surgical margin when 
compared with RRP [7, 8]. Herein, we present our experi-
ence with RRP, LRP, and RALRP regarding the periopera-
tive outcomes and complications rates.

2  Methods
A total of 394 patients underwent RP between January 
2016 and December 2018 in four academic institutions; 
their records were reviewed. All radical prostatectomies 
were done for organ-confined PCa and locally advanced 
PCa (T3) with a life expectancy for more than 10 years. 
Patients underwent salvage procedure for advanced PCa 
(pT4), previous prostate operations, and extraperitoneal 
RALP are excluded.

Radical prostatectomy was done under general anes-
thesia, performed according to the techniques described 
by Walsh, 1983 either RRP, extraperitoneal LRP, or trans-
peritoneal RALP [9]. We recorded the patient age, BMI, 
PSA level, Gleason score and TNM stage, type of surgery, 
the pathological data from the surgical specimen, the 
perioperative complications, unplanned reoperating, and 
readmission rates within 3 months postoperatively.

Operative drains were usually removed between the 
3rd and the 5th postoperative day. A cystogram was 
performed on the 7th postoperative day to assess the 

integrity of vesicourethral anastomosis, and the urethral 
catheter was removed if no leakage appeared in the cys-
togram. The patients were usually discharged on the 8th 
postoperative day.

Statistical analysis was performed using the IBM SPSS 
Statistics (Version 21.0. Armonk, NY: IBM Corp). A 
descriptive and comparative statistical analysis of pooled 
data by using the Mann–Whitney U test was used to 
compare medians, the independent t test and one-way 
ANOVA were used to compare means across the groups, 
and the Chi-squared test and Fisher’s exact test were 
used for bivariate analysis. Correlations between dif-
ferent items in our study were done using Spearman or 
Pearson correlation coefficient. Multivariate analysis: 
logistic regression was applied for significant variables. 
Statistical significance was set at (P < 0.05). All reported P 
values are two-sided.

3  Results
A total of 123 patients underwent RALRP, 220 patients 
underwent RRP, and 51 underwent LRP. The patient 
demographic data for the three groups are compared in 
Table  1. The main bulk of the cases is from the second 
and third institutions, as the robotic surgery is not avail-
able in the first and recently added to the fourth one. 
According to match-pairing, there was no statistical sig-
nificance between the groups regarding the age, BMI, the 
preoperative prostatic volume, and the preoperative PSA.

Table  2 shows the perioperative data. A statistically 
significant difference between the groups detected in all 
the operative parameters mainly the nerve-sparing tech-
nique, lymph node dissection (LNDs), the hemoglobin 
(Hb) and hematocrit (Hct) loss, and the operative time. 
The nerve-sparing procedures were more frequent in 
patients underwent RALRP (74%) and the lymph node 

Table 1 Patients’ characteristics

RALP RRP LRP Overall P value

No. of cases 123 220 51 394

Age (yr.): Mean ± SD 67.8 ± 6.6 67.4 ± 6.8 65.6 ± 6.2 67.4 ± 6.7 .133

BMI (kg/m2): Mean ± SD 26.9 ± 3.6 27.4 ± 4.1 27.7 ± 3.5 27.3 ± 3.9 .634

BMI (%) .102

 Normal (18.5–24.9) 31.3 24.7 19.6 31.5

 Overweight (25–29.9) 52.2 41.8 60.8 47.1

 Obese (30 or greater) 16.4 23.5 19.6 21.3

ASA score (%) .024

 I 3.8 5.9 3.9 5.1

 II 77.5 73.5 94.1 77.6

 III 18.8 20.6 2 17.3

PSA (ng/mL): median 7.5 8.8 7.9 8.1 .204

Prostatic volume  (cm3): Mean ± SD 44.1 ± 21.6 41.7 ± 20.1 44.5 ± 20.7 42.8 ± 20.7 .502
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dissection was more frequent in patients underwent RRP 
(96.4%). The catheterization time was the statistically sig-
nificant difference between all groups in favor of RALRP; 
however, the LRP group had shorter hospitalization time 
which also statically significant.

Overall, there was a statistically significant difference 
between all the groups regarding the postoperative path-
ological evaluation except the Gleason’s score. The results 
are summarized in Table 3. A pT2 were more frequently 
diagnosed in patients who underwent RALRP; however, 
pT3 were more in the RRP group. Patients underwent 
RRP had a worse oncological outcome as about 25% of 
them were N1 and 36.5% had positive surgical margins.

Table  4 summarizes the percentage of the incidence 
of postoperative complications for each group. A sta-
tistically significant difference between the groups in 
some specific complications; anastomotic insufficiency, 

surgical site infections (SSIs), and unplanned reopera-
tion rate.

Our data show that the patients underwent RALRP 
were more likely to have nerve-sparing procedures, 
longer operating time, and higher intraoperative vascu-
lar injuries than others RP. However, they are less likely 
to have positive surgical margins (PSMs), overall com-
plications, anastomotic insufficiency, open conversion, 
and unplanned reoperation.

Patients who underwent RRP were likely to have 
LNDs, the greater number of removed LN, about 45% 
of patients were T3, and 25% of patients were N1, Hb 
and Hct loss, PSMs, longer hospital stay, higher overall 
complications, unplanned reoperation, and readmis-
sion rate and SSIs.

Patients underwent LRP unlikely to have positive 
lymph nodes, nerve-sparing procedures and so had 

Table 2 Perioperative data

Hb hemoglobin, Hct hematocrit level, LNDs lymph node dissection

RALP RRP LRP Overall P value

Nerve sparing (%) 74 45.5 21.6 51.3 <.0001

LNDS (%) 88.6 96.4 41.2 86.8 <.0001

Operative time (min): Mean ± SD 295.5 ± 58.5 223.7 ± 50.8 171.2 ± 61.2 239.4 ± 68.6 <.0001

Hb loss (g/dl): Mean ± SD 3.7 ± 1.7 4.2 ± 1.4 2.1 ± 0.7 3.7 ± 1.6 <.0001

Hct loss (%): Mean ± SD 10.3 ± 4.7 12.1 ± 4.4 6.8 ± 3.1 10.8 ± 4.7 <.0001

Catheter time (days): Mean ± SD 8.4 ± 4.3 10.4 ± 5.6 11.8 ± 9.4 9.9 ± 6 <.001

Hospital stay (days): Mean ± SD 9.9 ± 4 13.6 ± 9.2 11.1 ± 2.6 12 ± 7.5 <.0001

Table 3 Postoperative pathological data

RALP RRP LRP Overall P value

pT stage (%): .011

 T2 70.7 54.3 62.7 60.6

 T3 29.3 45.7 37.3 39.4

N stage (%): < .0001

 Nx 11.4 3.6 58.8 13.2

 N0 80.5 70.5 41.2 69.8

 N1 8.1 25.9 0 17

Gleason score (%): .065

 < 6 0.8 0.9 0 0.8

 6 21.1 22 27.5 22.4

 3 + 4 25 28 41 31.9

 4 + 3 27 20 19.6 22.7

 ≥8 15.4 28.4 11.8 22.2

No. of lymph node removed

 Mean ± SD 14.8 ± 9.2 24.2 ± 11.5 12.6 ± 8.7 20.5 ± 11.7 < .0001

Margins (%) .021

 Positive 22.7 36.5 25.5 30.8

 Negative 77.3 63.5 74.5 69.2
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shorter operating time; however, they likely to have anas-
tomotic insufficiency and longer catheter time.

4  Discussion
The minimally invasive RP has comparable cancer con-
trol outcomes of open prostatectomy, besides faster con-
valescence, decreased blood loss and transfusion rates, 
decreased postoperative pain, and shorter catheteriza-
tion time [10–12]. The techniques for LRP have been 
well developed and refined the learning curve becomes 
shorter than once reported [13].

Between 1962 and 2002, the average life expectancy in 
the German population increased from 67.1 to 75.6 years 
in men and from 72.7 to 81.3  years in women with an 
average gain of approximately 2.2  years per decade in 
both genders [14]. The mean age of men that underwent 
RP in our study was 67.4 ± 6.7  years at the time of sur-
gery; these men generally had a life expectancy of at least 
10 years.

Regarding the BMI, approximately 68% of our patients 
were overweight and obese, so they had an increased risk 
of morbidity and mortality according to the literature 
[15].

The available literature suggests that the duration of 
RP procedures decreases with surgeon experience and 
skill; however, the operating time is longer in RALRP 
compared to other RP, thus also in all publications due 
to docking time and learning curve and time which may 
reach about 60 min [16].

RALRP eases the performance of watertight urethra-
vesical anastomosis allows for earlier removal of the 
Foley catheter. The average time until catheter removal in 
the RALRP series is 6 to 12 days that matches our results 
[17].

Hospitalization time after surgery remains one of the 
critical components to medical expenditures for a given 
surgical procedure and is considered an indicator of a 
quick recovery and constitutes one of the criteria that 
patients use to evaluate the success of the surgery. As in 
our study, a statistically significant difference between 
groups was found for the length of hospital stay in favor 
of RALRP.

PSMs after RP are uniformly considered an adverse 
outcome associated with the failure of the surgery to 
achieve the cure of the PCa [18]. Our data show that 
patients who underwent RRP were more likely to have 
PSMs; however, this can be attributed to the inclusion of 
higher stage and nodal disease in the RRP group.

The data presented in the literature showed that the 
perioperative parameters and the main complications 
rates are better in RALRP than the other types which 
match with our study; others reported longer hospitaliza-
tion and catheterization times, and higher complication 
rate with RALRP [19–21].

Open conversion from a minimally invasive approach 
to an open procedure, due to failure to progress or 
uncertainty of dissection planes, usually occurs during a 
surgeon’s early experience and not considered a compli-
cation by many [22].

Table 4 Overall and specific complications after RPs

RALP RRP LRP Total P value

Total complicated cases: No. (%) 47 (38.2) 118 (53.6) 24 (47.1) 189 (48) .023

Open conversion: No. (%) 3 (2.4) 0 2 (3.9) 5 (1.3) < .0001

Vascular injuries: No. (%) 2 (1.6) 1 (0.5) 1 (2) 4 (1) .450

Rectal injury: No. (%) 2 (1.6) 4 (1.8) 1 (2) 7 (1.8) .986

Anastomotic insufficiency: No. (%) 10 (8.1) 38 (17.3) 13 (25.5) 61 (15.5) .009

Hemorrhagic complications: No. (%) 4 (3.3) 1 (0.5) 0 5 (1.3) .058

Postoperative urinary retention: No. (%) 0 2 (0.9) 1 (2) 3 (0.8) .372

Lymphocele: No. (%) 10 (8.1) 25 (11.4) 1 (2) 36 (9.1) .099

Thromboembolic complication: No. (%) 2 (1.6) 4 (1.8) 1 (2) 7 (1.8) .986

Urinary tract infections: No. (%) 1 (0.8) 4 (1.8) 0 5 (1.3) .499

SSIs: No. (%) 5 (4.1) 28 (12.7) 2 (3.7) 35 (8.9) .011

Ileus: No. (%) 3 (2.4) 2 (0.9) 1 (2) 6 (1.5) .520

Transfusion: No. (%) 7 (5.7) 11 (5) 2 (3.9) 20 (5.1) .887

Postoperative urethral stricture: No. (%) 1 (0.8) 2 (0.9) 1 (2) 4 (1) .768

Postoperative ureteral stricture: No. (%) 0 1 (0.5) 0 1 (0.3) .673

Death: No. (%) 0 2 (0.9) 0 2 (0.5) –

Reoperations rates: No. (%) 9 (7.3) 37 (16.8) 4 (7.8) 50 (12.7) .022

Readmission rates with 3 months: No. (%) 6 (4.9) 12 (5.5) 2 (3.9) 20 (5.1) .897
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The unplanned reoperation (UR) within 30 days of rad-
ical prostatectomy was 1.2%. Unplanned reoperation was 
significantly lower in the minimally invasive radical pros-
tatectomy (MIRP) group (1.1% vs. 1.5%, P value 0.01). 
Bleeding, wound dehiscence, and acute retention were 
the most common indications for UR. In our study, the 
reoperation rate was 12.7% (Table 4); the main causes for 
unplanned reoperations were SSIs 42%, lymphocele 36%, 
bleeding complications 8%, and others 4% [23].

There are some limitations in our study such as com-
paring the RALRP, LRP, and RRP performed by different 
surgeons with variable experience. Another limitation of 
this current study was that it was designed to compare 
only the perioperative and pathological and not the func-
tional results. As it is a retrospective review of our data-
base, non-randomization and even selection bias might 
impact our study.

5  Conclusion
Our results and the published data show that RALRP and 
LRP are followed by a significantly lower complication 
rate. However, the patients’ factors, selection bias, and 
surgical experience likely impact perioperative outcomes 
and complications.
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