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Abstract

Introduction: Prostate cancer (PC) can be treated by surgical procedures in different approaches: Open (PR), laparoscopic radical prosta-
tectomy (LRP) or robot-assisted laparoscopic prostatectomy (RALP). The RALP has proved to be a promising technique, with satisfactory
functional and oncological results. This study aimed to analyze the learning curve of a surgeon in RALP.

Methods: This is a retrospective investigation with data obtained from the analysis of medical records of the first 100 patients undergo-
ing RALP surgery from October 2018 to August 2019 at single institution in Brazil, by a single surgeon. We divided them into two groups
according to the chronological surgery. The studied variables were surgical time divided in console, docking and undocking, robot prepa-
ration, anesthesic induction, wall closure. Blood loss, surgical margins, time of hospitalization were also measured.

Results: The total surgical time, anesthetic induction time, and robot preparation time were statistically different between the groups.
Regarding the length of stay and postoperative factors, there was no significant difference.

Conclusion: The total surgical time decreases as the whole team’s experience increases. The total surgical time was optimized mainly by

improving the anesthetic induction and robot preparation times.
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Introduction

Prostate cancer (PC) is the most prevalent tumor
among men and the fifth in number of deaths world-
wide. The incidence is approximately 1.28 million cases
every year [1]. Brazil related 15576 deaths in 2018 and
estimates 65840 new cases in 2020 [2].

PC has a multifactorial etiology which family histo-
ry, especially in first-degree relatives, is associated with
an increased risk of the disease. Age, obesity, and the
afrodescendent ethnicity are some other risk factors
described [3,4].

Therapeutic options of localized PC includes external

radiotherapy, brachytherapy and radical prostatecto-
my, none of which showed superiority over the others
in terms of overall survival [4,5]. The last one is consid-
ered the gold standard for localized or locally advanced
disease in patients with life expectancy of more than 10
years [6,7].

Surgical treatment can be performed by three differ-
ent techniques: Open radical prostatectomy (ORP), lap-
aroscopic radical prostatectomy (LRP) or robot-assisted
laparoscopic prostatectomy (RALP). A recent system-
atic review found no statistically significant difference
between oncological and functional outcomes (urinary
continence and sexual potency). In terms of hospital-
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ization time and need for hemotransfusion, minimally
invasive techniques showed better results [8].

The RALP shows promise as a technique presenting
satisfactory functional and oncological results. Current
literature has suggested that basic proficiency in ro-
bot-assisted laparoscopic surgery can be achieved with
a relatively few number of cases, less than the learning
curve of laparoscopic radical prostectomy, whose ba-
sic skill is achieved from 25 to 40 cases. However, the
amount of cases needed to achieve mastery in RALP is
unclear [9]. Three-dimensional (3D) vision, better er-
gonomics, image amplification, greater amplitude and
degree of movement in the clamps are some of the ad-
ditional benefits of robotic technology [10].

The greatest obstacle to the dissemination of the ro-
botic platform in Brazil is the high costs, in addition to
the presence of few training and improvement centers
for surgeons.

The purpose of this study is to analyze the learning
curve of a single surgeon, with extensive experience in
laparoscopy, robot-assisted radical prostatectomy for
the treatment of prostate cancer.

Materials and Methods
Study facilities

The research was done at the Felicio Rocho Hospital,
a private tertiary care institution located in Belo Hori-
zonte, Minas Gerais state in Brazil. With a capacity of
approximately 300 rooms. An average of 30 robotic sur-
geries is performed per month, 20 of which are radical
prostatectomies.

Study design and sample size

Retrospective study, with analysis of the first 100
RAPs performed by the same surgeon, with experience
in laparoscopic surgery, between October 2017 and Au-
gust 2019.

He has done a fellowship program in video lapa-
roscopy and robotics in France at Institute Mutualiste
Montsouris in 2007. The robotic program has started at
Felicio Rocho Hospital in 2017 and since then the sur-
geon started to do the robotic surgeries. He has already
done about 200 cases.

The surgeries occurred through transperitoneal ac-
cess, with antegrade dissection, without previous liga-
tion of the plexus of the dorsal vein of the penis. The
urethrovesical anastomosis was performed with contin-
uous suture, as well as the reconstruction of the poste-
rior urethra, with approximation of this to the bladder
neck, as described by Rocco.

The patients were divided into two groups, each with
50 participants, according to the chronological order of
the surgical procedures.
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Inclusion criteria

Patients with localized and locally advanced prostate
cancer undergoing RALP at Felicio Rocho Hospital be-
tween October 2017 and August 2019. Localized pros-
tate cancer corresponds to stages T1-T2NOMO while the
locally advanced cancer concerns stage T3-T4 or N1.

Exclusion criteria

There was no exclusion criteria, all the first 100 cases
were included.

Information collected

Patients were analyzed in relation to the following
preoperative data: Age, body mass index (BMI), pros-
tate-specific antigen (PSA), Gleason score on biopsy,
prostate volume obtained by transrectal ultrasound.
Body mass index was divided in 5 different groups: 1
(18.5 to 24.9 kg/m?), 2 (25 to 29.9 kg/m?), 3 (30 to 34.9
kg/m?), 4 (35 to 39.9 kg/m?), 5 (> 40 kg/m?).

The variables collected from the intraoperative peri-
od were blood loss and surgical time. The surgical time
was divided into anesthetic induction, preparation of
the robot, docking and undocking, introduction of the
trocars, console, removal of the specimen, and wall
closure. The console time was not subdivided in the
different steps of the surgery but was calculated from
the beginning to the end. The blood loss was stored
in a graduated bottle connected to the aspirator used
during surgery. After the procedure, the nurse assessed
and noted the debt.

The postoperative variables were Gleason score in
the biopsy of the piece, time of hospitalization, pres-
ence of compromised surgical margin and pathological
stage defined by the American Joint Committee on Can-
cer (AJCC) [11]. There was no postoperative follow-up
regarding the evaluation of functional results such as
urinary continence and sexual potency.

There are no cataloged data about oncological, func-
tional and perioperative variables related to laparo-
scopic surgeries performed by the surgeon. However,
the objective of our research is to evaluate the learning
curve in robotic surgery, without comparing it with the
laparoscopic technique.

The nursing team in the robotic room was responsible
for write down the surgical times in a spreadsheet. The
total surgical time was calculated from the patient’s en-
trance into the room until he left after the surgery. In this
interval, the robot preparation time, anesthetic induc-
tion, introduction of trocars, docking, console, undocking
and abdominal wall closure times were included.

Data analysis

The statistical analysis was performed through the
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Table 1: Comparison of preoperative variables according to groups 1 (n = 50) and 2 (n = 50).

Variables Group | Mean | standard Median
deviation
Total PSA (ng/ml) 1 10.13  15.83 5.81
2 6.33 6.84 4.62
Transrectal ultrasound of |1 46.35 19.17 46.75
the prostate volume (g) 2 41.29 22.57 35.50
Total number of fragments 1 16.60 3.59 16.00
2 15.36 3.90 14.00
Number of positive 1 7.38 5.12 6.00
fragments 2 702 535 6.00
1 65.56 8.13 66.50
Age 2 64.18 7.47 63.50

Note: *Test Mann-Whitney, ®Test T

Table 2: Comparison Body Mass Index (BMI) between de groups,
Table a-group 1, Table b-group 2.

Table a

Group 1 Number of patients %

1 6 35%
2 7 41%
3 3 18%
4 1 6%
Total 17 100%
Table b

Group 2 Number of patients %

1 11 29%
2 17 45%
3 10 26%
4 0 0%
Total 38 100%

Note: Kruskal-Wallis qui-quadrado = 0.1033.
P-value = 0.747

chi-squared test and the Fischer test for the categorical
variables.

The quantitative data were tested for normality by
the Kolmogorov-Smirnov test.

The comparison of normal data was done by T Stu-
dent and for those not normal, the Mann-Whitney test
was used.

In all tests, the adopted confidence index was 95%
which was considered significant when p < 0.05.

The software used for the analyses was SPSS version
20.0.

Results

100 patients were evaluated, divided into two
groups of 50 each, according to the chronological order

P25 P75 Minimum Maximum | P Value
4.18 7.97 0.64 86.60 0.050°
3.54 6.59 1.94 41.26
34.00 |54.00 10.00 124.00 0.230°
24.00 48.00 17.00 127.00
14.00 18.00 | 12.00 27.00 0.026°
12.00 17.00 11.00 31.00
4.00 9.00 0.00 26.00 0.556*
3.00 9.00 1.00 31.00
60.00 72.25 42.00 79.00

0.4056
58.75 |70.00 47.00 78.00

Table 3: Gleason distribution according to groups 1 and 2.

Gleason Total group Total
1 2

<=6 n 14 17 31

% 28.00% 34.00% 31.00%
7 n 31 32 63

% 62.00% 64.00% 63.00%
8 or more n 5 1 6

% 10.00% 2.00% 6.00%
Total n 50 50 100

% 100.00%  100.00% | 100.00%

p-value = 0.251, Chi-square test with Monte Carlo simulation

of the procedure. The first half formed group 1 which
patients were submitted to robot-assisted laparoscopic
prostatectomy from October 2017 to November 2018,
while the second formed group 2, which patients were
submitted to robot-assisted laparoscopic prostatecto-
my from November 2018 to August 2019.

The analysis of the preoperative variables, showed
that the median of total PSA of Group 1 was 10.13 and
that of Group 2 was 6.33. There was a statistically sig-
nificant difference between them, considering p < 0.05.
The average age was similar between both, just like the
BMI (Table 1 and Table 2).

The prostate size calculated by transrectal ultra-
sound did not present a statistically significant dif-
ference between the groups although the number of
positive fragments did. The proportion of the Gleason
classification showed homogeneity between the groups
when evaluating histopathological parameters of the
disease (Table 3).

Within the preoperative data, total surgical times,
anesthetic induction and robot preparation presented
statistically significant difference considering p < 0.05.
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Table 4: Comparison of perioperative variables of Groups 1 (n = 50) and 2 (n = 50).

Variables Group Mean standard Median P25 P75 Minimum Maximum P Value
deviation

Total surgery time 1 312.96 |50.91 315.00 285.00 | 350.00 217.00 440.00 0.020°
(min)

2 288.56  52.15 290.50 255.00 320.00 179.00 408.00
Anesthetic induction 1 9.91 4.98 10.00 6.00 11.00 3.00 30.00 0.034°
time (min) 2 802 3.9 8.00 600 1000  3.00 23.00
Robot preparation time | 1 33.64 12.35 30.00 25.00 40.00 15.00 67.00 0.005°
(min) 2 2702 10.10 2600 2000 3000  13.00 60.00
Patient positioning 1 41.22 19.01 39.00 30.00 45.00 18.00 145.00 0.100°
time (min)

2 37.10 14.12 33.50 29.00 40.00 18.00 101.00
Surgeon time on the 1 188.82 41.82 182.00 155.00 223.00 110.00 290.00 0.2542
console (min)

2 177.94 52.44 172.50 144.00 |211.00 |89.00 371.00
Undoking + removal of |1 21.38 6.19 21.00 17.00 26.00 9.00 37.00 0.105°
the surgical specimen
and closure of the 23.30 5.51 23.50 19.00 27.00 13.00 35.00
abdominal wall (min)
Blood loss (mL) 1 498.60 303.38 425.00 300.00 |600.00 0.00 1800.00 0.504°

2 470.23 321.60 400.00 200.00 |600.00 | 20.00 1500.00
Note: Test Mann-Whitney, "Test T

Table 5: Comparison of length of stay for groups 1 and 2.
standard . .. .
. Group Mean .. Median P25 P75 Minimum Maximum P Value
Variables deviation
Hospitalization period 1 2.15 0.54 2.10 1.90 2.30 1.10 3.20 0.416
2 2.06 0.54 2.10 1.90 2.20 1.10 3.20 ’

TestT

All variables were higher in group 1 in relation to group
2. Surgery took, on average, 315 minutes for the first
50 patients and 290 minutes for the last ones. Initially,
the average time of preparation of the robot was 12.3
minutes with decrease to 10.1 minutes in the second
group. Bleeding volume, patient positioning time, con-
sole, undocking, and wall closure showed no difference
between the study groups (Table 4).

The average time of anesthetic induction was 9.91
minutes in group 1 and 8.02 minutes in group 2. The
average time of preparation of the robot was 33.64 min-
utes in the first group and 27.02 minutes in the second,
the difference between then had statistical relevance
(Table 4).

The volume of bleeding did not present significant
difference between the groups, however, The mea-
surement of intraoperative bleeding showed many
methodological biases, for example urine aspirated at
the bladder neck opening and serum for washing the
cavity without the correct precision of this volume, so
we chose to remove this variable from the comparative
analysis.

There was no statistically significant difference be-
tween the groups when we compared postoperative
data, either in relation to the time of hospitalization or
to the study of pathological anatomy (Table 5). None of
the patients needed blood transfusion, neither had any
concomitant visceral lesions. No postoperative drain
was used and no urinary fistula was suspected in the
postoperative period.

Positive surgical margins, presence of extra-prostatic
disease, perineural invasion, T and N pathological stage,
as well as seminal vesicle involvement, despite small
alterations between the groups, showed no statistical
difference between the populations studied (Table 6).

In group 1, 90% presented perineural invasion and
78% in group 2, also without statistical significance, with
p =0.102.

Tumor size and involved nodes (T and N stages) were
also similar in groups 1 and 2, most of them with less
advanced tumors.

Discussion

Different studies suggest that a surgeon with experi-
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Table 6: Comparison of post-operative variables in relation to Groups 1 and 2.

Groups
Variables Total P Value
1 2
Margens Status
n 39 33 72 0.181
Negative
% 78.0% 66.0% 72.0%
n 11 17 28
Positive
% 22.0% 34.0% 28.0%
Extraprostatic Disease
\ n 39 34 73 0.260
o
% 78.0% 68.0% 73.0%
n 11 16 27
Yes
% 22.0% 32.0% 27.0%
Seminal Vesicles
n 47 45 92 0.715
Free
% 94.0% 90.0% 92.0%
n 3 5 8
Affected
% 6.0% 10.0% 8.0%
Perineural infiltration
n 5 11 16 0.102
No
% 10.0% 22.0% 16.0%
n 45 39 84
Yes
% 90.0% 78.0% 84.0%
PT Staging
n 17 6 23 0.057
T2b
% 34.0% 12.0% 23.0%
T2c n 20 28 48
% 40.0% 56.0% 48.0%
Gleason post op
6 n 18 15 33 0.262
<=
% 36.0% 30.0% 33.0%
. n 31 30 61
% 62.0% 60.0% 61.0%
n 1 5 6
8 or more
% 2.0% 10.0% 6.0%
n 50 50 100
Total
% 100.0% 100.0% 100.0%

Chi-square test with Monte Carlo simulation (MMC)

ence in laparoscopy, already familiar with the anatomy,
would be able to acquire expertise in approximately 45
cases. There is no consensus in the literature about the
benefits of experience in laparoscopy in reducing the
robotic learning curve, however this is not an aim of our
report [6,9,12].

The time between the patient entering and leaving
the operating room showed a statistically significant
difference when compared to both groups. For the first
group it was 313.96 minutes, while for the second it was

288.56. Sierra, et al. published a significant reduction of
that period in an analysis of 30 cases, subdivided be-
tween the first and last fifteen of the study, from 435 to
272 minutes, on average [13].

The same author also described a significant de-
crease in robot preparation and surgery times when
comparing the first and last patients operated [13]. In
our study, the robot preparation time showed a statis-
tically significant difference between the groups, with a
decrease from 34 to 27 minutes. The gain in experience
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of the nursing team, as well as the greater bonding with
the surgeons and anesthesists, helps to reduce the peri-
od needed to prepare the platform. All nurses allocated
to robotic surgeries receive frequent training offered by
Intuitive® in order to improve the routine related to the
surgical procedure.

Slusarenco, et al., published an average console time
of 163 minutes for the first 49 cases, with significant im-
provement to 88 cases, up to 107 [14]. Badani, et al.
showed an improvement in surgical time of about 20%
when compared to the first 200 procedures performed
with the last 200 in a series of more than 2000 patients
[15]. Hashimoto, et al. reported a decrease in the aver-
age surgery time ranging from 202 to 498 minutes, to
130 to 195 minutes after 100 to 300 cases [16]. Jaffe,
et al. found an abrupt decrease after the first 12 cases,
with subsequent significant reduction after 189 proce-
dures. Unlike the studies described above, when com-
paring the surgeon’s time at the console, we found no
alterations. It is possible that the number of procedures
necessary for significant improvement of the variable
has not yet reached a value close to those related to the
previous studies [6].

The anesthetic induction time varies from 9.91 min-
utes for the first group to 8.02 for the second. These
data suggest that the anesthesiologist’s adaptation to
the new technology generates benefits in relation to the
decrease in time used.

The average total time of hospitalization was 2.1
days, with no statistically significant difference between
the groups. Studies prior to 2010 showed longer peri-
ods, ranging from 4 to 7 days.

Jaffe, et al. in 2009, found no difference in the period
of hospitalization of patients undergoing surgery along
the learning curve. However, the average time was 5
days. [6] More recent publications such as Machado, et
al. Slusarenco, et al., found no difference in the period of
hospitalization during the learning curve [15,17]. With
the familiarization and dissemination of the technique,
there is improvement in the intraoperative procedure,
with fewer complications, resulting in early hospital dis-
charge [17].

An important variable in the analysis of the learning
curve is the commitment of surgical margins. It is influ-
enced by the experience of the surgeon, the technique
employed and the characteristics of the tumor [17]. In
our study, there was a decrease in the number of free
margins in the second group relative to the first, howev-
er, there was no statistically significant difference.

Hashimoto, et al. published an overall rate of posi-
tive margins for the first fifty cases of 34% with a signif-
icant reduction for 19% in the 150 subsequent cases. It
is important to highlight the high proportion of inter-

Open Access

mediate and high risk in the study [16,18]. Badani, et al.
showed a lower percentage of compromised margins,
being 7% in the first 200 and 4% in the last of a sam-
ple of 2766 prostate neoplasia carriers [15]. Slusarenco,
et al. presented an average of 13.1% of compromised
surgical margins without improvement after 145 cases
of surgery. The hypothesis was raised that the learning
curve had not yet reached its tipping point. Patel, et al.
suggest that it is around 1500 surgeries [19]. It is pos-
sible that our casuistry has not yet reached the value
suggested by Patel to have significant improvement in
the free margins.

This study showed limitations such as retrospective
analysis of data, lack of randomization, short postop-
erative follow-up that makes functional and oncologi-
cal evaluation unfeasible. There was no division of the
groups in relation to the tumor stage, which suggests
alterations in the variables studied. The analysis of
the learning curve is not uniform, with great variation
among surgeons and takes into consideration the pre-
vious skills and experience of the professional who will
perform the procedure.

Another limitation of the study is the number of pro-
cedures performed in order to assess improvements in
surgical margins. Different published articles suggest a
larger sample than the one carried out by us.

Conclusion

The surgical time decreases as the surgeon’s experi-
ence increases as well as the connection and adjustment
of the whole team involved in the surgical procedure.
Analyzing the 100 robotic radical prostatectomies, we
identified a significant improvement in the time of anes-
theticinduction and robot preparation with reflex in the
reduction of the total surgical time. A greater number of
cases are needed to assess improvement in the rates of
involvement of surgical margins.
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