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Background: Minimally invasive surgery of the pelvis is technically demanding, limiting its application. 
Previous studies have reported the potential advantages of robotic-assisted surgery (RAS) for pelvic 
malignancies. These advantages might facilitate the surgeons to advance effortlessly along the learning phase. 
However, there are limited studies evaluating the learning curve (LC) and none have compared different 
surgical specialties. The objective of this study is to evaluate and compare the robotic LC of different 
oncological pelvic specialties.
Methods: This retrospective study evaluates consecutive patients operated on by a robotic platform 
between January 2012 and June 2016 by urological, gynecological and rectal surgeons. Pre-operative and 
intraoperative parameters including docking time (DT), surgeon console time (SCT) and total operative 
time (TOT) were analyzed by linear regression and cumulative sum (CUSUM) methods. Body mass index 
(BMI), conversion rate (CR) to open surgery and estimated blood loss (EBL) were also studied in order to 
determine if there is a correlation with the LC.
Results: Three hundred and forty-three RAS and seven surgeons were included in the analysis, 103 RAS 
for rectal cancer were performed by 3 rectal surgeons, 55 RAS for endometrial cancer and 58 RAS for 
cervical cancer were performed by 2 surgeons and 127 RAS prostatectomies were performed by 2 urologists. 
For most surgeons, the CUSUM graphs exhibited a 3 phases LC with turning points reflecting competency 
and proficiency. Urological surgeons had the most well-defined LC followed by the gynecologists. All 
surgeons were able to master docking with few cases. Rectal surgeons were not able to show a 3 phase LC for 
SCT and TOT. There was a clear inverse correlation between BMI and DT, patients with higher BMI had a 
shorter DT and patients with lower BMI showed increased DT. EBL had no statistical correlation with the 
LC and the CR was low (2%).
Conclusions: Analysis of our data suggests that the LC for each respective robotic operative step, surgeon 
and specialty is unique. Urological and gynecological RAS might have a less steep LC compared to RAS 
for rectal cancer. Therefore, robotic proctoring and training for rectal cancer should be more diligent. 
Prospective multicenter study with different methods of LC analysis is necessary to validate our results.
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Introduction

For most types of pelvic cancer, the standard staging and 
treatment surgeries consist of specific organ resection 
associated with regional lymph node dissection (1-4). 
Such surgeries are traditionally approached by laparotomy 
through a midline or transverse incision. Minimally invasive 
surgery through laparoscopy or robotic system is an 
alternative approach associated with fewer complications, 
shorter hospitalization and faster recovery with similar 
oncological results for rectal, gynecological and prostate 
cancer (5-10).

Robotic-assisted surgery (RAS) has the potential 
to overcome the obstacles of standard laparoscopy by 
introducing wristed instruments which allow the surgeon 
to regain the two lost degrees of freedom. The value of 
using six degrees of freedom is of particular relevance when 
operating in a narrow space such as the pelvis (11,12). These 
advancements might facilitate surgeons to progress quickly 
along the learning curve (LC). The learning process of a 
new surgical skill can be defined as the time and number of 
procedures required for an individual surgeon to achieve 
proficiency in a specific procedure (13). 

One method to evaluate the surgical skills acquisition 
is based on sequential monitoring of a cumulative 
performance over time. The cumulative sum (CUSUM) 
method, first described by Page in 1954 (14), was originally 
devised for monitoring performance and detecting areas 
for improvement in the industrial sector. With several 
developments and adaptations, it has emerged as a suitable 
method for monitoring healthcare outcomes (15-19) and 
was adopted by the medical profession in the 1970s to 
analyze the LC of surgical procedures (20).

The objective of this study is to evaluate and compare 
the LC of different oncological pelvic specialties in RAS 
using the CUSUM methodology. Body mass index (BMI), 
conversion rate (CR) to open surgery and estimated blood 
loss (EBL) were also studied in order to determine if there 
is a correlation with the LC. We believe that these data can 
guide the development of a more individualized proctoring 
and learning program for each specialty.

Methods

Patients and study design

Between January 2012 and June 2016, 395 consecutive 
patients were operated on by using the DaVinci Si HD 
Robotic System (Intuitive Surgical Inc., Sunnyvale, CA, 

USA) by the Urology, Gynecology and Abdominopelvic 
Departments of a tertiary referral cancer center in Brazil. 
This period comprehends the implementation and 
learning phase of robotic surgery in our institution. All 
patients who underwent robot-assisted laparoscopic total 
mesorectal excision (RALTME) for rectal cancer, robotic-
assisted laparoscopic hysterectomy (RALH) with pelvic 
lymphadenectomy for endometrial cancer, robotic-assisted 
laparoscopic radical hysterectomy (RALRH) with pelvic 
lymphadenectomy for cervical cancer and robotic-assisted 
laparoscopic radical prostatectomy (RALRP) for prostate 
cancer were included in the analysis. All other types of 
surgeries and disease were excluded. We included only cases 
operated by robotic surgeons who had at least 20 robotic 
surgeries during the analysis period. All surgeons had great 
experience in open and laparoscopic procedures. They were 
trained by observations of RAS, simulator training for at 
least 20 hours and an experienced robotic surgeon proctored 
the first ten robotic cases for each surgeon. These proctored 
surgeries were not included in the analysis. Cases operated 
by surgeons who had fewer than 20 robotic surgeries were 
excluded. These criteria were used since LC analysis of few 
cases could not be performed accurately. Surgeons were 
described by number in order to avoid identifications. 

Data were extracted from our prospectively maintained 
RAS database, which contains information regarding patient 
demographics, diagnosis, clinical stage, and preoperative 
assessment. The surgical steps analyzed and considered 
relevant to reflect the surgical LC were: docking time (DT) 
which was defined as the time required to move the robot 
and securing the robotic arms to the corresponding port 
sites; surgeon console time (SCT) which was defined as the 
actual time the surgeon spent at the robotic console during 
the procedure, which directly corresponded to the robotic 
portion of the procedure; and total operation time (TOT) 
which was defined as the time between the first skin incision 
and the last port closure. All times were precisely clocked by 
the robotic assistant nurse. Since each surgeon’s experience 
began at a different time during the study period and had 
a different interval between cases, time was defined as the 
number from the first to the last case that each surgeon 
performed in the cohort. Pre-operative and intraoperative 
parameters including DT, SCT, TOT, BMI, EBL, and CR 
were analyzed. 

The study was conducted in accordance with the 
regulations of the local ethics committee and was approved 
by the institutional review board. All involved surgeons 
in this study signed the research informed consent. 
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Patient informed consent was not necessary since it was a 
retrospective analysis, no intervention was performed and 
the subject of the study was the surgeon’s operative times. 

LC analysis

To access the LC, operative times of every single procedure 
were analyzed with respect to the chronological order. 
Cases were grouped by type of surgeries and by surgeons. 
All specific surgical step times were analyzed by linear 
regression and cumulative sum (CUSUM) methods.

Linear regression was performed with a simple linear 
regression model (Y = β0 + β1X). This method was used to 
estimate the relationship between the number of procedures 
and improvement of surgeon operative times and to verify 
correlations between BMI, CR, EBL and the LC. 

The CUSUM method was used for quantitative 
assessment of the LC. Basically, CUSUM is the running 
total of differences between the individual data points and 
the mean of all data points (21). Cumulative sum analysis 
transforms raw data into the running total of data deviations 
from their group mean, enabling investigators to visualize 
the data for trends not discernable with other approaches. It 
recognizes the importance of time and experience in clinical 
practice and allows the identification of improvements by 
standard statistical methods (15-23).

Finally, competency of the procedure was defined as the 
first turning point of the curve plateau and proficiency was 
defined as the turning point at which the slope of the curve 
becomes less steep.

Statistical analysis

All statistical analyses were performed using IBM SPSS 
Statistics for Windows version 19 software (SPSS, an 
IBM company, Chicago, IL, USA) and R version 3.0.1 
(R Foundation for Statistical Computing). Kolmogorov-
Smirnov test for adherence to the normal distribution 
curve was used to assess distribution curve symmetry, 
identifying normal distribution only for the variable age. 
The quantitative variables were expressed in median, 
with a lowest and highest value, except for age, which was 
expressed in mean standard deviation. The categorical 
variables were expressed in percentages. Comparison of the 
medians between two groups was done by nonparametric 
Mann-Whitney test and to compare median between three 
or more groups we used Kruskal-Wallis nonparametric test. 
The associations between categorical variables were done by 

Fischer’s exact test. Comparison between surgical times and 
BMI were made by distributing all patients into two groups, 
Group 1: BMI <25 kg/m2 and Group 2: BMI ≥25 kg/m2.  
The BMI cutoff was set at 25 kg/m2 based on the cutoff 
for normal and overweight according to the WHO 
Classification (24). Correlations between BMI and operative 
times were accessed by the nonparametric Spearman’s 
rank correlation coefficient. P values were derived from 
two-tailed tests and data differences between groups were 
considered statistically significant at the level of P<0.05.

Results

During the study period, 395 RAS was performed by 10 
surgeons of the Urology, Gynecology and Abdominopelvic 
Departments. Out of these, 343 RAS and 7 surgeons 
were selected to be analyzed. Patient demographics, 
surgical procedures, enrolled surgeons, operative data 
and times are summarized in Table 1. Comparison of 
patient characteristics and operative times showed that all 
parameters differ significantly between groups (P<0.000), 
however all patients characteristics were homogenous inside 
each surgical group.

One hundred and three RALTME were performed by 3 
rectal surgeons, 41 procedures by Surgeon 1, 25 procedures 
by Surgeon 2 and 37 procedures by Surgeon 3. There were 4 
(3.9%) conversions to open surgery in this group. Surgeon1 
had 3 (7.3%) conversions to laparotomy, 1 related to grade 
III obesity (BMI 44) and 2 related to technical difficulty. 
Surgeon3 had one conversion related to technical difficulty. 
DT for rectal surgeons have ranged from 3 to 45 min 
(P=0.004), SCT have range from 15 to 470 min (P=0.012) 
and TOT have ranged from 215 to 720 min (P=0.005).

Fifty-five RALH were performed by 2 gynecological 
surgeons, 28 procedures were done by Surgeon 4 and 27 
procedures by Surgeon 5. There were 2 (3.5%) conversions 
to open surgery related to advanced disease, one for each 
surgeon. DT in this group has ranged from 2 to 35 min, 
SCT have ranged from 51 to 334 min and TOT have 
ranged from 105 to 430 min. 58 RALRH were performed 
by the same gynecologists. Surgeon 4 performed 33 
procedures and Surgeon 5 performed 25 procedures. There 
was no conversion to open surgery in this group. DT in this 
group have ranged from 3 to 31 min, SCT have ranged from 
74 to 346 min and TOT have ranged from 123 to 417 min.  
Overall, gynecological surgeons have operated 113 cases, 
Surgeon 4 operated 61 cases and Surgeon 5 operated  
52 cases. 
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One hundred and twenty seven RALRP were performed 
by 2 urologists, 53 surgeries by Surgeon 6 and 74 by 
Surgeon 7. Surgeon 7 had one conversion (1.3%) related to 
technical difficulty during his second phase of the LC. DT 
in this group has ranged from from 1 to 81 min, SCT have 
ranged from 75 to 480 min and TOT has ranged from 151 
to 514 min.

Linear regression graphs of the operative times arranged 
in chronological order are shown in Figures 1-3. Neither 
surgeon had a profound decrease of the operative times in 
the linear regression analysis. Notwithstanding, the majority 
of the surgeons were able to show a slightly and continuous 
improvement of the operative times over the analyzed 
learning period. Once all operative times were arranged, 
CUSUM values for each of the cases was calculated and 
the generated charts are shown in Figures 4-6. For most 
surgeons, the CUSUM graphs exhibited 3 LC phases: phase 
1 identified by the first peak point, phase 2 identified by 
a stable line and phase 3 identified by the last peak point 
followed by significant slop in the curve. The CUSUM 
turning point reflecting the competency and proficiency 
for each surgeon regarding the different operative steps is 
summarized in Table 2.

CUSUM graph for DT shows that all surgeons were 
able to achieve competency and proficiency with three 
distinct phases in this specific robotic surgical step, 
exception for RALRP Surgeon 6 who did not have proper 
curve since he already started with low DT and had few 
variances over the period. Competency and proficiency for 
RALTME surgeons could not be determined for SCT and 
TOT since no proper LC was stablished on the CUSUM 
graph. This trend reflects the wide operative time variance 
observed in the linear regression charts. Surgeon 5 also 
had wide variances of SCT for RALH on the CUSUM 
analysis for and no proper LC could be described. Despite, 
he had better overall SCT performance when comparing 
to RALH Surgeon 4. Urologist exhibited the more defined 
competency and proficiency turning point of the SCT and 
TOT CUSUM curves, followed by the gynecologists.

To determine the effect of BMI on the LC, a linear 
regression analysis pooling all 343 surgeries regarding DT, 
SCT and TOT were made and the graphs are plotted in 
Figure 7. Comparison of patient’s BMI and operative data 
are shown in Table 3. There was a clear inverse correlation 
between BMI and DT. Patients with higher BMI had a 
shorter DT and patients with lower BMI showed increased 
DT. For this surgical step, the increase of BMI seemed to 
help surgeons to dock the cart accordingly with Spearman’s 



Laparoscopic Surgery, 2019 Page 5 of 14

© Laparoscopic Surgery. All rights reserved. Laparosc Surg 2019;3:33 | http://dx.doi.org/10.21037/ls.2019.07.07

rank correlation coefficient (P=0.016 and R=0.024). On the 
other hand, no association could be made between BMI 
and SCT or TOT (P=0.319 and P=0.857, respectively). 
When divided into two groups, the previous assumption 
was also confirmed. Patients with BMI <25 kg/m2 had 
higher median DT than patients with BMI ≥25 kg/m2 with 
statistical significance (P=0.041). Comparison of EBL over 
the learning period did not show any increase or decrease 
trend after linear regression analysis for any of the surgeons 
and no statistical correlation could be made, therefore this 
data could not be used as a parameter for LC correlations. 
No chart was drawn for this quality indicator. Nevertheless, 
correlation of EBL with BMI showed a higher median 
blood loss among patients with BMI <25 kg/m2 (P=0.020).

Discussion

The development of robotic platforms with its 3-D camera 
and fully articulated robotically driven instrumentation has 
enabled surgeons to perform minimally invasive surgery on 

the pelvis much like an open procedure. These advantages 
might facilitate the surgeons to advance effortlessly along 
the learning phase and previous publication analyzing 
proficiency development shows that robotic surgery has a 
fast and robust surgical skill acquisition when compared to 
other minimally invasive methods (25-28). 

The LC can be described by a graphic representation of 
the temporal relationship between the surgeon’s mastery 
of a specifically surgical procedure and the chronological 
number of cases performed. The CUSUM method has been 
used as an indicator of satisfactory outcomes in relation 
to the acquisition of a surgical skill. The main advantages 
of this approach are the independence from sample size, 
effectiveness in detecting small shifts in patterns, and 
the ability to allow continuous analysis in time and rapid 
evaluation of data (15-19). Comparison of the robotic LC 
between different surgical specialties by this method has 
not yet been performed. Such study is crucial in order to 
evaluate if a specific robotic training program is necessary 
to attend the different particularities of each surgical 
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specialty of the pelvis. To our knowledge, this is the first 
study comparing different specialties in the learning process 
of RAS.

Here we report the LC of RAS in the surgical 
management of pelvic malignancies of a tertiary oncological 
referral center in Brazil. Using the CUSUM method, the 
LC of different surgeons of the Urology, Gynecology and 
Abdominopelvic Departments could be demonstrated. 
Analysis of our data suggests that LC for each respective 
robotic operative step, surgeon and specialty is unique. 
Most surgeons presented a proper LC for the different 
operative times with three distinct phases as described by 
other authors analyzing the robotic surgical skill acquisition 
(29-39). In our study, slightly and continuous improvement 
of operative times in the linear regression charts were 
observed for the majority of surgeons in all robotic surgical 
steps. Furthermore, the CUSUM charts show that all 
surgeons from the different specialties were able to develop 
competency and proficiency, each one with its own specific 
characteristic. Exception for these affirmations occurred for 
RALTME surgeons.

All RALTME surgeons presented a slight increase of 
SCT and TOT over the period as shown on raw linear 
regression charts and no proper LC could be observed in 
the CUSUM graphs. The first reason for the difficulty in 
obtaining a LC is the change in the surgical approach that 
RALTME surgeons performed during the learning period. 
In the early beginning of robotic experience all surgeons 
approached the mesenteric vessel and splenic flexure by 
traditional laparoscopic technique and then docked the 
robotic system only for the mesorectal dissection. As the 
experience grew, surgeons started to adopt single docking 
for a fully robotic surgery. This innovation in the technical 
approach might explain the longer SCT at the final phase of 
the study, since a more comprehensive part of the surgery 
was done by the robotic platform. Recent publications 
corroborate our finds by reporting that surgeons tend to 
include more challenging cases and difficult procedures 
toward the latter part of their training period (29,33,35). 
The second major reason is the simple fact that rectal 
surgery requires multi quadrant operation (which means 
to operate on the upper abdomen for splenic flexure 

Figure 2 Linear regression chart for surgeon console time (SCT). 
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Figure 3 Linear regression chart for total operative time (TOT).
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Figure 5 Cumulative sum (CUSUM) chart for surgeon console time (SCT).

Figure 6 Cumulative sum (CUSUM) chart for total operative time (TOT).

RALTME Total operative time

RALRH Total operative time

RALRP Total operative time

RALH Total operative time

Surgeon 1            Surgeon 2            Surgeon 3

Surgeon 4                  Surgeon 5 Surgeon 4              Surgeon 5

Surgeon 6                 Surgeon 7

500

400

300

200

100

0

–100

1000

800

600

400

200

0

–200

–400

–600

400

300

200

100

0

–100

–200

–300

–400

1400
1200
1000
800
600
400
200

0
–200
–400

1 3 42 5 6 7 98 11 14 17 21 24 27 30 3212 15 1918 22 25 28 31 33343510 13 16 20 23 26 29

1 3 42 5 6 7 98 11 14 17 21 24 27 30 3212 15 1918 22 25 28 31 3310 13 16 20 23 26 29 1 3 42 5 6 7 98 11 14 17 21 24 27 30 3212 15 1918 22 25 28 31 3310 13 16 20 23 26 29

1 3 5 7 9 13 19 25 33 39 45 51 6355 6715 21 2927 35 41 47 53 6557 6959 7161 7311 17 23 31 37 43 49

RALTME Surgeon console time

RALRH Surgeon console time

RALRP Surgeon console time

RALH Surgeon console time

Surgeon 1          Surgeon 2          Surgeon 3

Surgeon 4           Surgeon 5 Surgeon 4             Surgeon 5

Surgeon 6            Surgeon 7

300
200
100

0
–100
–200
–300
–400
–500
–600

500

400

300

200

100

0

–100

400

300

200

100

0

–100

–200

–300

1400
1200
1000
800
600
400
200

0
–200

1 13 35 57 79 911 1113 1315 1517 1719 1921 2123 2325 2527 2729 31 33

1 14 67 10 1113 1616 2119 2622 3125 3628 4131 4634 51 61 7137 56 66



Laparoscopic Surgery, 2019 Page 9 of 14

© Laparoscopic Surgery. All rights reserved. Laparosc Surg 2019;3:33 | http://dx.doi.org/10.21037/ls.2019.07.07

mobilization, left lumbar and left iliac regions for left colon 
dissection and on the pelvis for mesorectal excision) making 
such robotic intervention more laborious, time consuming 
and more difficult to master than single quadrant robotic 
surgery. 

The current analysis indicates that docking is an easy 
step to master. All surgeons achieved competency and 
proficiency with few cases. Median DT for RALTME 
surgeons ranged from 11 to 18 min. Other authors have 
found similar median DT ranging from 4 to 12 min (30,32-
34,36). However, Jiménez-Rodríguez et al. in a study 
analyzing 43 patients undergoing RAS for rectal cancer 
have found a mean DT of 62.9 (±24.6) min (29), but this is 
an isolated. All these finds demonstrate that DT can widely 
diverge between different surgeons, specialties and studies, 
but most importantly, this specific step can be mastered 
over the cases. 

The CR of a minimally invasive procedure reflects its 
technical complexity. This affirmation is reinforced by 
reported CR as high as 22% for laparoscopic surgery for 
rectal, prostate and gynecological cancer (36-38,40-43).  
Meanwhile, previous publication addressing RAS for 
rectal, endometrial, cervical and prostate cancer found low 
conversion to open surgery. For robotic prostatectomies, 
authors have described a CR ranging from for 0% to 

Figure 7 Linear regression chart quantifying the associations 
between body mass index (BMI) and robotic-assisted laparoscopic 
surgery (RAS) operative times.
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Table 3 Patients characteristics and operative times compered by body mass index

Characteristics Overall
GROUP1 GROUP 2

P
BMI <25 kg/m2 BMI ≥25 kg/m2

n 343 202 141 –

Gender (M/F) 53%/47% 55%/45% 35%/65% –

Age 63 [29–84] 62 [31–84] 60 [29–77] 0.218a

EBL (mL) 70 [10–1,200] 100 [10–1,200] 50 [10–400] 0.020a

DT (min) 10 [1–45] 11 [2–51] 10 [1–40] 0.041a

SCT (min) 195 [15–480] 199 [76–470] 214 [51–373] 0.348a

TOT (min) 285 [105–720] 295 [140–645] 289 [105–720] 0.313a

CR, n (%) 7 (2.04%) 1 (0.49%) 3 (2.13%) 0.165b

a, Mann-Whitney; b, Fisher’s exact test. BMI, body mass index; EBL, estimated blood loss; CR, conversion rate; DT, docking time; SCT, 
surgeon console time; TOT, total operation time.

1.17% (40,44-46). The CR for RALRP in our study was 
0% for RALRP Surgeon 6 and 1.3% for RALRP Surgeon 
7. Published studies analyzing the CR of RALTME 
show a relatively low rate ranging from 0% to 3.2% 
(27,31,32,34,35,40,47-52). In our series, CR ranged 
from 0 to 7.3%. Previous reports regarding CR of RAS 
in gynecological oncology range from 0% up to 12.4% 
(38,43,53-56). In our series the CR for RALH and RALRH 
was 3.5% and 0%, respectively. It is believed that reduction 
of EBL over the learning period can also reflect the LC, 
however this trend was not observed in our study. We 
identified a low and stable rate of operative bleeding over 
the period for all surgeons. Correlation of EBL with BMI 
showed a higher median blood loss among patients with low 
BMI with significant difference (P=0.020). However, this 
outcome must be interpreted with caution since it was not 
the primary endpoint of our study. Our results regarding 
CR and EBL, in addition to the previous publications, 
recognize the safety of RAS in the learning period phase.

Even though it was not our primary objective, our 
analysis demonstrates correlation between DT and BMI. 
Contrarily of our primary assumption, based on previous 
reports comparing BMI and surgical outcomes (57), we 
observed a slight slope in DT as patient’s BMI increased on 
the linear regression chart (P=0.016). Same correlation was 
observed when patients were divided into two groups and 
compared by two sample means statistical test (P=0.041). 
We infer, based on our results, that obese patients 
supposedly have a wider abdominal surface comparing 
to thin patients and that it could give more freedom 
to surgeons when setting the robotic ports and arms, 

making this surgical step easier in this group of patients. 
Notwithstanding, no correlations regarding BMI and SCT 
or TOT could be made.

Training and proctoring are fundamental aspects in the 
acquisition of a new surgical skill. All the three surgical 
specialties had the same proctor and learning program, 
however urologists could develop the most consistent 
LC among all groups. Gynecological surgeons also had a 
more delineated LC for DT, SCT and TOT compered to 
rectal surgeons. It is noteworthy that gynecologists have 
operated an overall greater number of RAS compared to 
rectal surgeons. The acquired learning skills from one 
procedure are interchangeable between them since most 
of the robotic surgical steps are similar during RALH and 
RALRH. Therefore, gynecologists might have an advantage 
in the learning process compared to rectal surgeons. What 
cannot be determined from our analysis is whether the lack 
of a proper LC for rectal surgeons reflects the absence of 
a learning process or if changes in the surgical approach 
during the learning phase could have biased the outcomes. 
We believe that rectal surgeons have to master a more 
difficult docking step (they have to set the robotic arms in 
such way so they can reach the upper and the low abdomen) 
and also a more laborious surgeon console step, since a 
wider surgical field has to be approached. Meanwhile, 
urologists and gynecologists work only on the pelvis, which 
is a more restricted surgical field. For this reason, we believe 
that both the LC of docking and the surgeon’s console can 
be more quickly mastered by these specialties.

Rectal surgeons had greater difficulty in achieving 
competence and proficiency with less than 50 cases. 
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Previous reports have shown that the LC for robotic 
assisted colorectal surgery can be achieved after 15 to 
50 cases (29,30,33,34,58). However, only Odermatt  
et al. analyzed proctoring in the LC and hypothesized that 
high number of proctored cases may have a considerable 
impact on the LC (58). Possibly, if the RALTME surgeons 
in our study have had a longer training program in the 
simulator and had a greater number of cases proctored 
by an experienced robotic surgeon, the LC could have 
resembled the results of the other specialties analyzed here 
as well as previously reported LC for rectal RAS. Bowen 
et al. compared 44 patients undergoing pediatric robotic-
assisted laparoscopic pyeloplasty and sought to determine if 
the LC would be affected by proctoring. They demonstrate 
that proctored surgeons could attain levels of expertise 
more quickly than those not proctored (59). Training and 
proctoring seemed to be the most important aspect of the 
LC. In consequence, intensive practicing and guidance 
program should be recommended for more laborious 
surgeries such as RALTME. Moreover, a different and more 
diligent training process might be necessary for RAS rectal 
surgery.

Comparison between different surgical specialties can 
be arguable. Every surgery has its peculiarities and the 
characteristics of each pathology are completely different. 
However, we are not analyzing surgical outcomes and raw 
operative times. In fact, we are comparing the capacity and 
speed of each surgeon and specialty developed the LC of 
RAS. Our analysis was not intended to measure absolute 
numbers, but to validate if there is a learning process and 
how different specialties and surgeons can master the 
technique. The CUSUM method and linear regression 
allowed an examination focused on trends and tendencies 
rather than raw numbers, ensuring a converged analysis 
on the learning process. Here we found the all the three 
surgeons in the RALTME had similar adversity to establish 
the LC. On the other hand, gynecologists and urologists 
exhibited similar trends inside each group representing 
well defined LC. Considering that LCs were homogeneous 
within each group, we can infer that our study reflects the 
real tendency in the development of robotic surgical skills 
of each specialty and not just of each surgeon.

Although we analyzed the LC of an expressive number 
of RAS by previous validated statistical methods, there 
are several limitations in our study. First, our study is a 
comparative retrospective analysis. Second, patients inside 
each group were not stratified by oncological stages. Third, 
outcomes were not evaluated as a LC parameter. Fourth, 

our data only describes a single institution experience. Yet, 
the strengths include prospective data collection, robust 
statistical analysis and enrollment of seven surgeons from 
three different specialties which better represent the robotic 
surgery learning process of a whole institution.

Conclusions

The present study shows that the LC for RAS in the 
management of pelvic malignancies does exist and is different 
and unique for each respective robotic operative step, surgeon 
and specialty, even though very similar among surgeons of 
the same specialties. Urological and gynecological RAS might 
have a less steep LC compared to RAS for rectal cancer. 
Therefore, robotic proctoring and training for rectal cancer 
should be more diligent. The validation of a new learned 
surgical skill should not be limited to the speed of operation, 
since it also involves other aspects such as gaining confidence 
and capability to manage a whole new spectrum of surgical 
environments and situations. Thus, a prospective multicenter 
study on different methods of LC analysis is necessary to 
validate our results. 
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