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Abstract
Purpose The aim of this study is to compare surgical param-
eters and the costs of robotic surgery with those of laparoscop-
ic approach in rectal cancer based on a single surgeon’s early
robotic experience.
Methods Data from 25 laparoscopic (LapTME) and the first
50 robotic (RobTME) rectal resections performed at our insti-
tution by an experienced laparoscopic surgeon (>100 proce-
dures) between 2009 and 2014 were retrospectively analyzed
and compared. Patient demographic, procedure, and outcome
data were gathered. Costs of the two procedures were collect-
ed, differentiated into fixed and variable costs, and analyzed
against the robotic learning curve according to the cumulative
sum (CUSUM) method.
Results Based on CUSUM analysis, RobTME group was di-
vided into three phases (Rob1: 1–19; Rob2: 20–40; Rob3: 41–
50). Overall median operative time (OT) was significantly low-
er in LapTME than in RobTME (270 vs 312.5 min, p = 0.006).
A statistically significant change in OT by phase of robotic
experience was detected in the RobTME group (p = 0.010).
Overall mean costs associated with LapTME procedures were
significantly lower than with RobTME (p < 0.001). Statistically

significant reductions in variable and overall costs were found
between robotic phases (p < 0.009 for both). With fixed costs
excluded, the difference between laparoscopic and Rob3 was
no longer statistically significant.
Conclusions Our results suggest a significant optimization of
robotic rectal surgery’s costs with experience. Efforts to re-
duce the dominant fixed cost are recommended to maintain
the sustainability of the system and benefit from the technical
advantages offered by the robot.

Keywords Robotic surgery . Colorectal surgery . Learning
curve . Cumulative sum analysis

Introduction

Over the last 30 years, we have witnessed a progressive im-
provement of colorectal disease treatment with the application
of total mesorectal excision (TME), neoadjuvant therapies, and
minimally invasive techniques. Nevertheless, rectal resection
for cancer remains a challenging procedure, especially when
using a minimally invasive approach. Conventional laparosco-
py has been shown to have several advantages over open sur-
gery for the treatment of colorectal cancer, particularly in terms
of early postoperative outcomes [1–4]. However, unlike colon
cancer, there is relatively limited evidence regarding the safety
and efficacy of laparoscopic surgery for rectal cancer, mainly
because of the intrinsic drawbacks of laparoscopic instruments
used during rectal dissection in the confined space of the pelvis
[5]. The critical issues include high rates of conversion to open
surgery and circumferential resection margin (CRM) involve-
ment of the specimen [1]. The recently published COLOR II
study confirmed that these issues remain regardless of the
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experience and learning curve of the operator [6]. Moreover,
the laparoscopic approach failed to show a clear improvement
in the early postoperative outcomes over time, partly because
of the inherently high morbidity associated with rectal surgery
and partly because of the limitations of current laparoscopic
instruments [7]. The introduction of robotic systems in surgery
was intended to overcome the known limitations of conven-
tional laparoscopic surgery, while preserving the advantages of
the minimally invasive surgery [8, 9]. This result may be at-
tributed to the robot’s wristed instrument ability to overcome
the fulcrum effect created by the trocars, maximizing the
workspace when applied in narrow anatomical space such as
the pelvis [10, 11]. This ability justifies the growing interest in
robotic technology for rectal surgery worldwide. Since the first
prospective randomized trial comparing robotic and laparo-
scopic low anterior resection performed by Baik et al. in
2006 [8], several studies have been published that have fo-
cused primarily on feasibility and safety. These studies have
reported, with broad accord, an increased rate of uninvolved
CRM [12, 13] and a lower rate of conversion to laparotomy
with robotic surgery [14–16], especially for subgroups of pa-
tients with unfavorable anatomy. However, the costs of robotic
surgery represent a critical issue for its widespread use.
Increased costs associated with robotic surgery are mainly be-
cause of high purchase and maintenance costs for the robot,
surgical consumables, and—to a lesser extent—the longer
times required in the operating room. To date, only a few
studies have reported a cost analysis on this approach for treat-
ment of rectal cancer, with poor level of evidence.

The aim of this study is to compare the surgical parameters
and costs of robotic surgery with those of the laparoscopic
approach in rectal cancer and to evaluate the effect of the
learning curve on these parameters. All analyzed procedures
were performed by a single surgeon with laparoscopic expe-
rience (>500 laparoscopic procedures performed).

Materials and methods

Patients and data

This retrospective study was based on prospectively collected
surgical data from 75 patients who underwent minimally inva-
sive rectal resection with TME performed by a single surgeon
from January 2009 to December 2014 at our institution. The
first consecutive 50 robotic rectal resections (RobTME) were
compared with 25 laparoscopic rectal resections (LapTME)
performed within the same period by the same experienced
laparoscopic surgeon (>100 procedures). All robotic operations
were performed with the da Vinci Surgical System Si (Intuitive
Surgical, Sunnyvale, CA, USA). The study was approved by
the Institutional Review Board of our hospital.

The preoperative workup included colonoscopy with biop-
sy, abdominal and transrectal ultrasonography, chest radiogra-
phy, abdomen and pelvic CT scan, and/or magnetic resonance
imaging. Patients with clinical stage I cancer were referred for
prompt surgical treatment. Patients with T3 or N-positive can-
cer received neoadjuvant chemoradiation followed by surgical
resection within 8 weeks. T4 lesions were operated upon
through an open approach and excluded from the current
series.

Obesity (BMI >30) or previous abdominal or pelvic surgi-
cal procedures were not considered contraindications for a
minimally invasive approach. An anterior resection of the rec-
tum (ARR) was proposed for lesions whose caudal margin
was located at least 3 cm above the dentate line, whereas
intersphincteric resection (ISR) with coloanal anastomosis
was considered for lesions located between 3 and 0.5 cm
above the dentate line. Abdominoperineal resection (APR)
was indicated for lesions invading the dental line only. A
diverting ileostomy was performed in all low ARRs.

Operative technique

For LapTME, patients were placed in a modified lithotomy
position with a 30° Trendelenburg and tilted to the right side.
After induction of general anesthesia, the pneumoperitoneum
was established. The first 11-mm trocar was placed above the
navel and used at the beginning as a 30° 10-mm telescope.
The second 11-mm trocar was placed in the right lower quad-
rant and used for the camera during the entire operation, and a
12-mm trocar was placed in the right iliac fossa/suprapubic
area. A 5-mm trocar was placed in the left quadrant and used
by an assistant to expose the structures as well as for splenic
flexure mobilization. Dissection and coagulation were always
performed using Ultracision® Harmonic Scalpel (Ethicon
Endo-Surgery Inc., Cincinnati, OH, USA).

The RobTME procedures were carried out using the four-
arm da Vinci Surgical System Si (Intuitive Surgical,
Sunnyvale, CA, USA).We used both the hybrid and the single
docking full robotic technique depending on tumor and patient
characteristics. Patients were placed in a modified lithotomy
position with a 30° Trendelenburg and tilted to the right side.
In the hybrid technique, the first part of the operation (inferior
mesenteric vessel ligation, left colon and splenic flexure mo-
bilization) was carried out laparoscopically. An 8-mm robotic
trocar replaced the 5-mm one in the left flank, and a 12-mm
trocar for assistant use was placed in the right flank. For the
robotic step of the intervention (which is specifically the
TME), the cart was positioned to the patient’s left side along
the imaginary line between the anterior superior iliac spine
and the umbilical scar at a 60° angle. In this phase, the surgeon
used the two 8-mm robotic trocars and the 12-mm suprapubic
trocar by inserting the 8-mm trocar into the 12-mm one (trocar
in trocar). This avoids the need to introduce another robotic
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trocar and maintains the possibility of introducing an articu-
lated stapler for the rectal resection. In the full robotic tech-
nique, the robotic cart had the same position, and the full
operation was carried out robotically with the single docking
technique [17]. A 12-mm optical trocar for the camera was
inserted 3 cm right lateral to the umbilicus. Two 8-mm trocars
for the robotic arms were placed under direct vision, at the
point of intersection between the midclavicular line and the
line between the umbilicus and the superior iliac spine, one in
the left side and one in the right side. A third robotic trocar was
inserted 5 cm below the xiphoid process on the right side of
the falciform ligament. Another 12-mm trocar was inserted
into the right flank for the use of the assistant surgeon. For
robotic dissection and coagulation, we used the Ultracision®
Harmonic Scalpel, robotic monopolar curved scissors and/or
cautery hook in the right hand, and the bipolar fenestrated
grasp in the left hand. Dissection was carried out in the same
way in both the robotic-assisted and the pure laparoscopic
procedure; we always used the medial-to-lateral approach.
Dissection of the peritoneum was initiated at the level of the
sacral promontory and directed cranially to the origin of the
inferior mesenteric artery and vein. The inferior mesenteric
vessels were divided between Weck® Hem-o-lok® Ligation
System clips (Teleflex, Morrisville, NC, USA). Then, the left
colon was mobilized along the Toldt fascia and the splenic
flexure was mobilized using a lateral-to-medial approach.
The mesorectal dissection is initiated at the level of the sacral
promontory where the cleavage plane between the presacral
fascia and the visceral layer of the mesorectum was identified.
The hypogastric nerves, the autonomic branches of the sacral
nerves, and the pelvic autonomic nerve plexus were identified
and preserved. The dissection continued anteriorly and then
laterally down to levator ani plane. The rectum was divided
with the Echelon Flex™ 60-mm stapler (Ethicon, Cincinnati,
OH, USA). The colon resection was completed through a
Pfannenstiel suprapubic minilaparotomy. The anastomosis
was performed with a CDH29 circular stapler (Ethicon,
Cincinnati, OH, USA) inserted transanally, according to the
Knight–Griffin technique [18]. In the case of ISR, the dissec-
tion continued until the intersphincteric space, and then the
left mesocolon is prepared intracorporeally to arrive up to
the pelvic floor. Then, the operation was completed with a
perineal phase in which we performed an incision at the den-
tate line to join with the intersphincteric plane, the specimen
was extracted, and the anastomosis was performed transanally
by hand. In the case of APR, we did not mobilize the splenic
flexure and the peritoneum was always closed after the pelvic
phase. Conversion to hand-assisted laparoscopy (HALS) was
always considered, as an intermediate step, before proceeding
with open surgery when a conversion was necessary. In this
case, we performed a supraumbilical 8-cm incision to insert
the laparoscopic device, and we used the other trocars to insert
the camera and the right-hand instruments.

Surgical parameters and costs

Pat ient demographics , the American Socie ty of
Anesthesiologists (ASA) scores, body mass index (BMI), neo-
adjuvant treatment, and distance of the tumor from the anal
verge were the demographic variables analyzed. The perioper-
ative results were operative time (OT), blood transfusions, and
conversion to open or hand-assisted laparoscopic surgery.
Postoperative data included length of stay and postoperative
complication according to the Clavien–Dindo classification
[19]. Cost data were obtained from the accounting department
of the hospital and were divided into fixed and variable items.
The fixed costs included amortized costs of the robot and lap-
aroscopic instruments, purchasing the robotic system, and the
amortized cost of robot maintenance. Variable cost items were
those related to disposable instruments, operating room per-
sonnel, and length of stay. All costs were expressed in euros
and referred to the most recent available year.

All data regarding clinical and surgical parameters and post-
operative course were prospectively collected in a dedicated
database. Economic data were collected retrospectively from a
health technology assessment (HTA) report of our hospital.

For the purpose of this study, we compared the parameters
and costs between the two groups (LapTME and RobTME).
Furthermore, to compare different phases of these first 50
robotic cases with the experienced phase of the LapTME
group, we stratified patients in the RobTME according to sur-
geon experience, evaluating the learning curve using the cu-
mulative sum (CUSUM) method.

The CUSUMmethod [20] was used to analyze the learning
curve of robotic surgery considering OT as an indicator of the
learning process. This method comprises running the total of
the differences between the individual data points and the
mean of all data points. First, the cases were ordered chrono-
logically, from the earliest to the latest date of surgery. The
value of CUSUMoperative time (CUSUMOT) of the first case
was then obtained as the difference between the OT for the
first case and the mean OT for all the cases (mOT). The
CUSUMOT of the second case was the CUSUMOT of the
previous case added to the difference between the OT of the
second case and mOT. The same procedure was repeated for
each of the patients except for the last one, which was calcu-
lated as 0.

Statistical analysis

Categorical variables were reported as number of cases and
percentage, while continuous variables were expressed as
mean ± (standard deviation) or median [25–75 percentile],
depending on their distribution. The chi-square test and
Fisher test were used to compare the distribution of categorical
variables. For continuous variables, paired comparisons were
made using an independent t test orMann–Whitney test, while
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multiple comparisons were performed bymeans of an analysis
of variance or Kruskal–Wallis test. The Bonferroni and
Mann–Whitney test with Bonferroni correction were consid-
ered for post hoc test.

Patient characteristics and perioperative data among
RobTME subgroups identified through the CUSUM analysis
were compared.

Generalized linear models were used to estimate costs as-
sociated with the different surgical techniques and phases,
adjusting for clinical characteristics and operative parameters.
Variables with a p value <0.10 during univariate analysis were
included in the multivariable analysis. A p value <0.05 was
considered statistically significant. All analyses were per-
formed using R v3.0.2 (R, Vienna, Austria) and Stata version
12 (StataCorp, College Station, TX, USA).

Results

Demographic characteristics and preoperative conditions are
summarized in Table 1. We did not detect significant

differences in clinical features between the two whole groups
(LapTME vs RobTME), except for the median distance from
the dentate line: 6 [5–8] cm for LapTME patients and 4 [1–5]
cm for the RobTME group (p = 0.006). Nine patients (36 %)
in the LapTME group and 23 patients (46 %) in the RobTME
group underwent surgery after neoadjuvant chemoradiation.
Of the 25 LapTME cases, 21 (84%) were ARRs, 2 (8%) were
APRs, and 2 (8 %) were ISRs. In comparison, 32 of the 50
RobTME were ARRs (64 %), 7 APRs (14 %), and 11 ISRs
(22 %). Operative data and postoperative course are summa-
rized in Table 2. The mean OT in the LapTME group was
significantly lower than in the RobTME group (270 vs
313 min, docking time included, respectively; p = 0.006).
Conversion (to HALS) in the LapTME group was performed
in eight patients vs one patient (to HALS and then to open
surgery) in the RobTME group because of visceral obesity
that made it impossible to obtain adequate exposure of the
operative field (p < 0.001). In the RobTME group, 22 proce-
dures (44 %) were performed using the hybrid technique; the
remaining 28 (56 %) of procedures were performed with a full
robotic technique. In the LapTME group, patients received

Table 1 Baseline characteristics
Clinical characteristic LapTME (n = 25) RobTME (n = 50) p value

Age (years) 68.9 (±11.5) 68.8( ±10.7) 0.970

BMI (kg/m2) 24.3 (±4.2) 24.7 (±3.5) 0.709

Male gender 15 (60 %) 33 (66 %) 0.799

ASA 2 14 (56 %) 26 (52 %) 0.935
ASA 3 11 (44 %) 24 (48 %)

Distance from LP (endoscopy-cm) 6 [5–8] 4 [1–5] 0.006

Neoadjuvant CT+/− RT 9 (36 %) 23 (46 %) 0.563

Table 2 Operative and
postoperative data LapTME (n = 25) RobTME (n = 50) p value

Operative procedures

ARR 21 (84 %) 32 (64 %) 0.182
APR 2 (8 %) 7 (14 %)

ISR 2 (8 %) 11 (22 %)

Conversion to open – 1 (2 %) <0.001
Conversion to HALS 8 (32 %) –

Operative time (min) 270 [200–305] 313 [290–330] 0.006

Postoperative hospital stay (days) 11.1 (±5.9) 10.4 (±4.7) 0.567

Complications

Perioperative transfusion 4 (16 %) 7 (14 %) 1

Superficial surgical site infection 1 (4 %) 2 (4 %) 1

Anastomotic leak/pelvic abscess 4 (16 %) 6 (12 %) 0.723

Postoperative ileus 3 (12 %) 4 (8 %) 0.680

Urinary retention 1 (4 %) 4 (8 %) 0.659

Death 1 (4 %) – 0.333

Other 2 (8 %) 5 (10 %) 1
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blood transfusions in four cases (16 %), whereas this occurred
in seven cases (14 %) in the RobTME group (p > 0.5). The
mean length of hospital stay was 11.1 ± 5.9 days for the

LapTME group vs 10.4 ± 4.7 days for the RobTME group
(p > 0.5). Three patients in the LapTME group vs four patients
in the RobTME group (p > 0.5) experienced transient small
bowel obstruction, which resolved with insertion of a 24-F
Foley catheter in the ileostomy. Four patients (16 %) in the
LapTME group and six (12 %) in the RobTME group, all with
diverting ileostomy, had anastomotic leakages or pelvic ab-
scesses, which were treated conservatively. One patient that
developed a pelvic abscess after RobTME required surgical
treatment. One patient and two patients in the LapTME and
RobTME groups, respectively, developed wound infections
that resolved with medical treatment. Medical complications
were observed in five patients in the LapTME group (two
cases of grade II and three cases of grade III according to the
Clavien–Dindo classification) vs four in the RobTME group
(three cases of grade III and one case of grade Vaccording to
the Clavien–Dindo classification) (p > 0.5). One patient in the
LapTME group died because of cardiovascular complications
compared with none in the RobTME group.

The evaluation of the RobTME group according to learn-
ing curve and based on the CUSUM analysis identified three
phases: the Rob1 phase (cases 1–19), corresponding to the
initial learning curve, the Rob2 phase (cases 20–40) which

Fig. 1 RobTME operative time
(OT). a Plot of OT against case
number. b CUSUM chart for OT

Fig. 2 CUSUM for RobTME operative time (OT)
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showed stabilization of OT, and the Rob3 phase (cases 21–
50), representing the experienced phase (Figs. 1 and 2).

The three robotic phases were characterized by different
median OTs (Rob1 325 [310–330] minutes, Rob2 290 [255–
320] minutes, and Rob3 315 [299–330] minutes) with statis-
tically significant changes across robotic experience levels
(p = 0.010).

The comparison of patient characteristics and perioperative
data by the CUSUM learning phases are summarized in
Table 3. Age, ASA score, and BMI showed no significant
differences among the learning phases. Although not statisti-
cally significant, we observed a higher percentage of distally
located tumors in phase 3 compared with phase 1, leading to a
greater number of ISRs among patients treated during phase 3
(5 [50 %] in phase 3 vs 2 [10%] in phase 1). We also observed
more patients in phase 3 who underwent preoperative chemo-
radiation than in phase 1 (six cases (30 %) vs six cases (60 %),
respectively), and patients were more frequently male in phase
3 than in phase 1 (80 vs 50 %). Moreover, in phase 3 a hybrid
approach was used in two cases only (20 %), while in phase 1

it was used in 11 cases (55 %). Even without significant dif-
ferences between phase 1 and phase 3 for all these parameters,
we can see a trend towards more complex operations after the
learning curve phase.

The comparison of costs associated to the LapTME and
RobTME groups is summarized in Table 4. Overall median
costs associated with LapTME procedures were significant
lower than with RobTME: 7620 euros and 12,284 euros, re-
spectively (p < 0.001). Costs related to the hospital stay only
were similar in the two groups (p = 0.910), while the cost of
consumables and personnel were significantly higher
(p < 0.001 and p = 0.006, respectively) for RobTME. These
findings were also confirmed in multivariate regression analy-
sis; when adjusting for age and neoadjuvant therapy, overall
costs were significantly higher in the RobTME group (Table 5).

Costs were higher for Rob1 as compared with Rob3
(p < 0.009), with both univariate and multivariate analyses
(Table 6 and Table 7). The reduction of OT with an increase
of robotic experience is awardedwith the reduction of fixed and
variable costs. A statistically significant reduction in variable

Table 3 Patient characteristics in RobTME group by learning phases: Rob1, the initial learning period; Rob2, the competent period; Rob3, the
challenging phase

Rob1 (n 1–19) Rob2 (n 20–40) Rob3 (n 41–50) p value 1 vs 2 p value 1 vs 3 p value 2 vs 3

Age 70.1 (±9.9) 68.8 (±10.9) 66.2 (±11.1) 0.71 0.34 0.56

Male gender 10 (50 %) 14 (70 %) 8 (80 %) 0.19 0.11 0.56

ASA score

2 11 (55 %) 8 (40 %) 7 (70 %) 0.342 0.121 0.429
3 9 (45 %) 12 (60 %) 3 (30 %)

BMI 24.8 (±2.9) 24.5 (±4.2) 25.1 (±2.4) 0.76 0.83 0.74

Tumor location from anal verge

Low (1–5 cm) 9 (45 %) 11 (55 %) 7 (70 %) 0.53 0.19 0.43

Mild (5.1–10 cm) 8 (40 %) 5 (25 %) 1 (10 %) 0.31 0.09 0.33

High (>10.1 cm) 3 (15 %) 4 (20 %) 2 (20 %) 0.68 0.73 1

Coloanal anastomosis 2 (10 %) 4 (20 %) 5 (50 %) 0.38 0.015 0.09

Preoperative CRT 6 (30 %) 12 (60 %) 6 (60 %) 0.056 0.11 1

Surgical technique

Hybrid 11 (55 %) 6 (30 %) 2 (20 %) 0.18 0.069 0.45
Total robotic 9 (45 %) 12 (70 %) 8 (80 %)

Postoperative complications 7 (35 %) 7 (35 %) 2 (20 %) 1 0.398 0.398

Table 4 Cost for LapTME and
RobTME Cost items LapTME (n = 25) RobTME (n = 50) p value

Consumable costs, euro 2123.2 [2123.2–2303.1] 4581.9 [4517.8–5157.1] <0.001

Personnel costs, euro 1173.3 [869.1–1325.4] 1358 [1260.2–1434.1] 0.006

Costs of hospital stay, euro 4717.1 [3302.2–5660.5] 4245.4 [3773.7–5188.8] 0.910

Overall costs not including
fixed costs, euro

7585.4 [6418.4–9911] 10,614.6 [10,188.9–11,587.1] <0.001

Overall costs, euro 7619.8 [6452.8–9945.4] 12,283.5 [11,807.1–13,193.3] <0.001
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and overall costs was found among the different robotic phases
(p < 0.009 for both). Furthermore, excluding fixed costs, the
difference between LapTME and the last robotic phase (Rob3)
is no longer significantly different (Table 8).

Discussion

Even though laparoscopy in colorectal surgery was first intro-
duced in 1991 [21], this technique has not yet achieved wide
application as a standard approach for patients with rectal
cancer because of the technical complexity of laparoscopic
TME, a steep learning curve, and a high conversion rate [22,
23]. Therefore, the advent of robotic system with its techno-
logical improvements has been welcomed by many surgeons
as a way to increase the use of the minimally invasive ap-
proach in colorectal surgery and to improve postoperative
outcomes, expanding the number of patients who could ben-
efit from a minimally invasive approach. Effectively, studies
published in literature suggest that the da Vinci Si system
could contribute to reducing the conversion rate with respect
to laparoscopy, obtaining good functional outcomes without
compromising the oncologic outcomes [12, 15, 16, 24–27].

However, many authors criticize the use of robotic technol-
ogy, because its advantages are not overwhelming when com-
pared with the laparoscopic approach, and claim that the sys-
tems do not justify the cost of the robotic technology. In sup-
port of these criticisms, the few reports available in the litera-
ture regarding the costs of robotic surgery in rectal surgery
almost invariably conclude that it is more time-consuming
and more expensive compared with open or conventional lap-
aroscopy [28–30].

The two main drawbacks of robotic surgery remain the
longer OTs and costs. However, most of the published data

included small robotic case series performed by surgeons in-
experienced with the new technology, and the comparisons
were made against a steady method such as laparoscopy, with
laparoscopic rectal resection series, performed by surgeons out
of the learning curve phase of this procedure. We think that
such comparisons introduce an important bias that may influ-
ence both OTand costs and that the reported conclusions could
be critically reviewed. In support of the above, some authors
have recently observed a trend towards cost and OT reduction
with experience in robotic technique [31] and a recent HTA
evaluation demonstrated that the greater clinical benefits of the
robotic technique might justify the higher costs [32].

For this reason, we decided to conduct a cost analysis of a
single surgeon’s first 50 robotic rectal resections with the da
Vinci Si, while also comparing different phases of learning
curve of the robotic experience, with laparoscopic cases con-
sidered out of the learning curve and performed in the same
period. Importantly, the specific experience and competence
of the operating surgeon is an essential prerequisite for reduc-
ing OT and highlighting the utility of robotic assistance in
rectal resection. Evidence is accumulating that the learning
curve in this setting passes through several phases in which
surgeons first gain robotic skills and then, with increasing
familiarity with this technique, decreases in OT and hospital
costs over time [33–36]. In our study, we decided to use the
CUSUM method to analyze the learning curve for our single
surgeon’s first 50 cases of robot-assisted rectal cancer resec-
tion. The main advantages of this method are its independence
from sample size, its effectiveness in detecting small shifts in
the system, and its ability to allow for a continuous analysis in
time and rapid evaluation of data. Therefore, CUSUM learn-
ing curves are used as indicators of satisfactory outcome in
relation to the acquisition of clinical skills [34]. In our study,
and in good agreement with the other manuscripts, the

Table 5 Comparison of costs
between LapTME and RobTME,
results from multivariate analysis

Coef. (Std. Err.) (95 % CI) p value

Overall costs not including fixed costsa (euro)

RobTME vs LapTME 2382.5(557.0) (1290.8–3474.1) <0.001

Overall costsa (Euro)

RobTME vs LapTME 3973.1(555.1) (2885.1–5061.1) <0.001

aMultivariate model included also age and neoadjuvant therapy as covariates

Table 6 Costs in RobTME group by learning phases

Rob1 (1–19) Rob2 (20–40) Rob3 (41–50) p value

Overall costs not including fixed costs, euro 10,982 [10,365–12,575]* 10,552 [10,282–11,588] 9559 [9210–10,669] 0.009

Overall costs, euro 12,566 [11,983–14,158]* 12,613 [11,927–13,484] 11,160 [10,794–12,253] 0.009

*P < 0.05 Rob 1 vs Rob3
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learning curve of robotic surgery for rectal cancer was divided
into three stages: the initial learning period (1st–19th case) in
which there is a rapid decrease of OT, the competent period
(20th–40th case) showing stabilization of OT, and finally the
challenging period (40th–50th case) comprising the most dif-
ficult cases. The surgeons’ console times have commonly
been regarded as a surrogate marker to reflect the learning
curve, but after the first phase of training could reflect the
technical difficulty of the specific case. In our study, we re-
ported a different median OT for each of these three phases
and a statistically significant reduction with robotic experience
and primary technical competence in reducing the operation
time achieved after the initial learning period. Focusing on
phase 3, the surgeon dealt with more complex operations be-
cause he had acquired self-confidence in performing robotic
rectal resection. In fact, as we have shown in Table 3, there
were more cases that underwent ISR in the Rob3 period after
the learning curve; ISR is a more demanding procedure than
standard ARR. This challenging operation and difficult anat-
omy group were more frequently enrolled in phase 3, justify-
ing the longer OT in this period. Moreover, in phase 3 com-
pared with phase 1 we also noted higher rates of preoperative
chemoradiation, more cases performed with a totally robotic
approach, and a tendency towards lower incidence of

complications, although none of these variables were statisti-
cally significant. Furthermore, while the hybrid approach was
extensively used during the entire Rob1 phase, its use tended
to be reduced in subsequent phases and was reserved only for
cases such as obese, tall patients with difficult splenic flexure
mobilization using the single docking robotic technique.
However, despite the increased OT and the presence of diffi-
cult cases recruited in phase 3, we noted that costs were sig-
nificantly higher in Rob1 compared with Rob3, at both uni-
variate and multivariate analyses. These higher Rob1 costs
may be associated with costs related to laparoscopic energy
devices and laparoscopic instruments used in hybrid
laparoscopic-robotic rectal resection, which was performed
more frequently in Rob1. Excluding fixed cost, however,
Rob3 costs were not statistically different from those of the
laparoscopic group. Therefore, the reduction of OT with the
increase of robotic experience is rewarded by the reduction of
fixed and variable costs. Furthermore, in the Rob1 phase, the
surgeon aimed at adapting his laparoscopic experience to the
novel robotic technique; for this reason, the following instru-
ments were used alternatively on the right robotic arm: the
Ultracision® Harmonic Scalpel, the robotic monopolar
curved scissors, and the cautery hook for dissection.
Subsequently, the surgeon changed used only the monopolar
curved scissors on the right robotic arm, and this may be
associated with the cost reduction in the last phase of the
learning curve. Even if the overall median costs associated
to laparoscopic procedures were statistically significantly low-
er than robotic colorectal procedures, the costs related only to
hospital stay were similar in the two groups throughout a
similar postoperative course in both groups, while consum-
able costs were the principal cause of higher costs related to
robotic colorectal surgery. Furthermore, the most important
finding of our study was that, excluding fixed costs, the dif-
ference between LapTME and the last robotic phase (Rob3)
was not statistically significant, suggesting a significant opti-
mization of costs with robotic experience. In fact, direct hos-
pital costs were significantly improved over time, and the
reasons for this decrease in cost were likely multifactorial,
but optimizations of instrument use and reduction in OT are
likely two major contributors.

Table 7 Comparison of costs in
RobTME by learning phases,
results from multivariate analysis

Coef. (Std. Err.) (95 % CI) p value

Costs not including fixed costsa (euro)

Rob1 vs Rob3 1854.9(828.0) (231.9–3477.8) 0.025

Rob2 vs Rob3 842.4(840.9) (−805.7–2490.4) 0.316

Overall costsa (euro)

Rob1 vs Rob3 1876.6(824.0) (261.6–3491.7) 0.023

Rob3 vs Rob3 916.7(836.8) (−723.4–2556–8) 0.273

aMultivariate model included also age and neoadjuvant therapy as covariates

Table 8 Comparison of costs between LapTME and RobTME phases,
results from multivariate analysis

Coef. (Std. Err.) (95 % CI) p value

Costs not including fixed costsa (euro)

Rob1 vs LapTME 3201.5 (677.5) (1873.6–4529.3) <0.001

Rob2 vs LapTME 2053.8 (678.5) (723.9–3383.7) 0.002

Rob3 vs LapTME 1444.9 (837.3) (−196.2–3085.9) 0.084

Overall costsa (Euro)

Rob1 vs LapTME 4773.1 (675.3) (3449.5–6096.8) <0.001

Rob2 vs LapTME 3683.9 (676.4) (2358.2–5009.6) <0.001

Rob3 vs LapTME 2996.4 (834.7) (1360.5–4632.4) <0.001

aMultivariate model included also age and neoadjuvant therapy as
covariates
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The main cost item, which is more difficult to reduce, is
represented by the fixed costs of purchasing and maintaining
the robotic system. Therefore, the amortization of fixed costs
of the robot plays a crucial role in the dynamics of costs, and it
can be achieved through the use of robots in high-volume and
multidisciplinary robotic centers. In our series, we also report-
ed a reduction of overall costs in the Rob3 phase with respect
to the initial experience with robotic technology because of a
better organization of the use of the da Vinci system. This
organization is largely due to the creation of a multidisciplin-
ary center of robotic surgery that has led to an intensive use of
da Vinci. Our results support the idea that all the costs and OT
data reported up to now may be affected by the initial experi-
ence of a few years of robotic colorectal surgery. Moreover,
the relationship between surgeon experience and organiza-
tional issues needs to be considered as it strongly influences
economic concerns and quality of care, as well as the overall
planning of training and hospital staffing [37].

A further consideration is that, while the presented data
refer to operations performed with the da Vinci Si, we have
already published our preliminary surgical results on the use
of the new Xi [38, 39], which suggest the potential of further
improvements in OT, surgical results, and the ability to per-
form full robotic rectal resections; these findings also hint at
further possible improvements in terms of cost reduction and
sustainability.

In our experience, robotic rectal surgery is more expen-
sive than conventional laparoscopic surgery. However, ex-
cluding the fixed costs and comparing the experienced
phase of RobTME and LapTME, the variable costs are
not statistically different. We reported also a reduction of
overall costs with better organization and more intensive
use of the da Vinci, suggesting a possible optimization of
robotic surgery with experience. The reduction of costs
with experience could be maximized by optimizing the
depreciation of fixed costs within a high-volume and mul-
tidisciplinary center.

In conclusion, our results suggest a significant optimization
of robotic rectal surgery’s costs with experience. Efforts to
reduce the dominant fixed cost are recommended to maintain
the sustainability of the system and benefit from the technical
advantages offered by the robot.
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