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Abstract

Background Retrospective studies and randomized controlled trials support the safety of laparoscopic complete mesocolic
excision (CME) for the treatment of right-sided colon cancer (RSCC). Few studies, however, examine the learning curve of
this operation and its impact on safety during an implementation period. We aim to evaluate the learning curve and safety
of the implementation of laparoscopic CME with intracorporeal anastomosis for RSCC.

Methods Consecutive patients undergoing a laparoscopic right colectomy with intracorporeal anastomosis for RSCC between
January 2016 and June 2023 were included. Clinical, perioperative, and histopathological variables were collected. Correla-
tion and cumulative sum (CUSUM) analyses between the operating time and case number were performed. Breakpoints of the
learning curve were estimated using the broken-line model. CME and conventional laparoscopic right colectomy outcomes
were compared after propensity score matching (PSM).

Results Two hundred and ninety patients underwent laparoscopic right colectomy during study period. One hundred and eight
met inclusion criteria. After PSM, 56 non-CME and 28 CME patients were compared. CME group had a non-statistically
significant tendency to a longer operating time (201 versus 195 min; p=0.657) and a shorter hospital stay (3 versus 4 days;
p=0.279). No significant differences were found in total complication rates or their profile. Correlation analysis identified a
significant trend toward operating time reduction with increasing case numbers (Pearson correlation coefficient= — 0.624;
p=0.001). According to the CUSUM analysis, an institutional learning curve was deemed completed after 13 cases and the
broken-line model identified three phases: learning (1-6 cases), consolidation (7-13 cases), and mastery (after 13 cases).
Conclusion The learning curve of laparoscopic CME for RSCC can be achieved after 13 cases in centers with experience
in advanced laparoscopic surgery and surgeons with familiarity with this technique. Its implementation within this setting
seems to be as safe as performing a conventional right colectomy.

Keywords Laparoscopic colectomy - Complete mesocolic excision - Right hemicolectomy - Colon cancer - Learning
curve - Implementation

Complete mesocolic excision (CME) has been popularized
worldwide since its description by Hohenberger et al. in
2009 [1]. Since then, retrospective studies have consistently
reported a better overall and disease-free survival in favor
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of this technique over conventional surgery for right-sided
colon cancer [2, 3]. Moreover, recent randomized studies
have also confirmed its feasibility and safety compared to
conventional resections [4, 5]. Nevertheless, the dissemina-
tion of CME has been hindered due to its technical difficulty.

CME involves a careful dissection of major vascular
structures such as the superior mesenteric vessel which has
been a major limitation to its widespread dissemination in
the minimally invasive era. Additionally, the vascular anat-
omy of the right and transverse colon is complex and highly


http://crossmark.crossref.org/dialog/?doi=10.1007/s00464-024-11086-1&domain=pdf

Surgical Endoscopy (2024) 38:5114-5121

5115

variable [6]. Although concerning rates of intraoperative
vascular injuries were described initially, recent systematic
reviews and meta-analyses of prospective studies now high-
light the strong safety profile of CME when performed by
experienced groups [3, 7, 8].

The safety of CME in the context of its implementation,
however, has not been extensively evaluated in the literature.
Furthermore, scarce publications evaluate its learning curve
[9, 10]. Hence, the objective of this study is to evaluate the
learning curve of laparoscopic CME for right-sided colon
cancer and to evaluate its safety during an implementation
period.

Materials and methods
Study design

A retrospective cohort study was conducted. Consecutive
patients undergoing a laparoscopic resection for right
hemicolectomy between January 2016 and June 2023
were included. Patients who underwent surgery for a non-
neoplastic surgical indication, had distal transverse colon
tumors, or an extracorporeal anastomosis were excluded.
Demographic, clinical, perioperative, and histopathological
variables were collected, Patients were then divided into two
groups according to the surgical technique (CME and non-
CME). Learning curves were obtained using the operating
time and CUSUM plot analyses. Given the retrospective
nature of this study, to ensure comparability between groups
by reducing selection bias, a propensity score matching
(PSM) was performed.

Definitions and outcomes of interest

Comorbidities were recorded individually and by calcu-
lating the Charlson comorbidity index [11]. Perioperative
complications, reoperation, unplanned readmissions, and
mortality were collected up to 30 days postoperatively;
postoperative complications were classified according to
the Clavien—Dindo classification [12]. Severe complications
were defined as any Clavien—Dindo III or above complica-
tion. Ileus was defined as a functional obstruction of the
gastrointestinal tract, accompanied by abdominal distension,
nausea, and vomiting, requiring a nasogastric tube inser-
tion for more than 24 h postoperatively. Anastomotic leak
was defined as clinical or radiologic evidence of a defect of
the intestinal wall at the anastomosis communicating the
intra- and extra-luminal compartments. Histopathological
data were recorded according to the TNM classification
(AJCC 8th Edition for Cancer Staging) [13]. Conventional

right hemicolectomy is defined as standard D2 lymph nodes
dissection.

Team and procedure

All surgeries were performed by two senior attending
colorectal surgeons or by a surgical resident under direct
supervision. Each senior surgeon had prior training in
advanced colorectal laparoscopic surgery, having completed
a minimum of 500 procedures each. One surgeon had
previous exposure to 5 open and 30 robotic CME cases
during an overseas fellowship and assisted in the initial 5
procedures performed by the other attending surgeon.

All patients underwent mechanical bowel preparation
with oral antibiotics before surgery. Preoperative imaging
was carefully reviewed to elucidate the vascular anatomy of
the patient. The initial approach was the same for every case:
pneumoperitoneum up to 15 mmHg was established using
a Veress needle in a peri-umbilical position. A four-trocar
technique was employed with the trocar location as follows:
peri-umbilical, left upper quadrant, left iliac fossa, and right
iliac fossa. For extended right colectomies, an additional
right upper quadrant trocar was utilized.

Patients were positioned in a slight Trendelenburg
position with left lateralization. The major omentum was
reflected above the transverse colon and the small bowel
lateralized to the left to expose the right mesocolon. From
there, an inferior approach was initiated, identifying the
duodenum and the uncinate process of the pancreas. This
procedure allowed a clear identification of the mesenteric
window in most cases. Subsequently, the superior mesen-
teric vein (SMV) was exposed below the ileocolic vessels.
The ileocolic vessels were then dissected and centrally
ligated (Fig. 1). Dissection proceeded on the anterior surface
of the SMV. In the rare presence of a right colic artery, it
was ligated and divided. Dissection then progressed toward
the gastrocolic trunk identifying, ligating, and dividing the

Fig.1 Operative field during complete mesocolic excision for right
side colon cancer. Duo Duodenum, UP uncinate process of the pan-
creas, ICV ileocolic vessels stump, SMV Superior mesenteric vein,
GCT gastrocolic trunk MCV middle colic vessels stump, 7C trans-
verse colon, RCV Right colic vein, RBMCA right branch or middle
colic artery
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superior right colic vein and any accessory colonic branches.
Gastric and pancreatic branches stemming from the gastro-
colic trunk were identified and preserved. The right branch
of the middle colic artery was ligated and divided. For
extended right colectomies, a central ligation of the mid-
dle colic artery and vein was performed. Additionally, the
omentum was resected preserving the gastroepiploic arcade
and infrapancreatic lymph nodes were also resected. After
achieving vascular control, the colonic mobilization was
completed with a medial to lateral approach.

The extraction of the specimen was performed through
a Pfannenstiel incision. An isoperistaltic latero-lateral
intracorporeal ileocolonic anastomosis was performed
utilizing stay sutures, enterotomies and a 60-mm
laparoscopic linear stapler. Enterotomies were closed with
arunning 3-0 absorbable suture (barbed or not). Mesenteric
defects were not routinely closed.

Statistical analysis

An institutional learning curve analysis was planned.
Operating time, defined as the time elapsed between the skin
incision and closure, was chosen as the primary outcome
for assessing the LC. The relationship between operating
time and cumulative cases was primarily evaluated using
a linear regression model. Combined procedures such as
concurrent liver resection or cholecystectomy were excluded
from the LC analysis. To evaluate the progression of the
LC, a cumulative sum analysis (CUSUM) was performed.
All surgical procedures were sequenced chronologically
from the earliest to the most recent. The CUSUM value
is established as the difference between any case (X;) and
mean surgical time of the series (1) and is represented by the
subsequent equation:

CUSUM = )" (Xi—p).

Afterward, a CUSUM curve was plotted and analyzed
employing the broken-linemodel to identify breakpoints
defining distinct phases within the learning curve [14].
Confidence intervals of 95% were calculated for these
breakpoints.

Moreover, to compare CME with standard resections,
a PSM was performed utilizing age, sex, the Charlson
comorbidity index, extent of resection, and pTNM stage. The
nearest-neighbor matching method with a 2:1 ratio was used
to select cases. Normal distribution was assessed using the
Shapiro—Wilk test. Categorical variables were summarized
using relative frequency and percentage; median and
interquartile range or mean and standard deviation were used
for numerical values. Then, the groups were compared using
Mann—Whitney for continuous variables and Fisher exact

@ Springer

test for categorical variables. A two-sided p < 0.05 indicated
statistical significance.

Ethics

A local institutional ethics committee approval was obtained
to conduct this study (ID 230716001).

Results
Demographic and baseline variables

Two hundred and ninety consecutive patients underwent
laparoscopic right hemicolectomy between January 2016
and June 2023. Of these, 108 meet the inclusion criteria.
The non-CME group consisted of 80 patients operated
between 2016 and June 2023, while CME group consisted
of 28 patients operated between May 2022 and June 2023.
PSM resulted in 56 non-CME patients matched to 28 CME
patients. Baseline characteristic of these patients are shown
in Table 1.

After PSM, clinically relevant demographic and
pathologic characteristic were similar. There was no
significant difference between age (p =0.856), sex
(p=0.938), the Charlson comorbidity index (p =0.872), or
the extent of resection (p=1.00). An initial non-significant
disparity in cancer staging was optimized (p =0.959). The
preoperative CEA levels were statistically, but not clinically
significantly different between groups (2.4 vs 3.1; p=0.03).
An extended right colectomy was performed in 17.9% of
patients in both groups (p =1.00). Other variables as prior
abdominal surgery (p=0.817) and BMI (p =0.563) were
also similar.

Perioperative outcomes

Perioperative outcomes are summarized in Table 2.
Operative time tended to be longer and the length of stay
tended to be shorter in the CME group, but these differences
were not statistically significant. Overall complication rates
tended to be more frequent in the CME group (32.1% vs
26.8%; p=0.081); however, severe complications tended to
be less frequent in CME group (3.6% vs 5.4%; p=1.00). No
differences were found in other outcomes, such as mortality,
reoperation, or readmission rates between groups.

Learning curves

Four cases were excluded from the learning curve analy-
sis because they were associated to other procedures
(combined), and the operating time of CME could not be
assessed (two patients had a cholecystectomy, one patient
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Table 1 Patients’ characteristics prior and after propensity score matching
Original cohort Matched cohort

Variables Non-CME (n=80) CME (n=28) p value Non-CME (n=56) CME (n=28) p value
Age (years), median (IQR) 67 (59.8-74.3) 66.5 (57-76) 0.855 65 (60-73.2) 66.5 (57-76) 0.856
Gender (male), n (%) 45 (56.3) 13 (46.4) 0.498 28 (50) 13 (46.4) 0.938
BMI, median (IQR) 26.8 (25.1-30.9) 28.1 (24.8-31.7) 0.576  25.7 (25-29) 28.1 (24.8-31.7) 0.563
Charlson index, median (IQR) 5 (4-6) 5(3.8-5) 0.523 4 (4-5) 5(3.8-5) 0.872
Prior abdominal surgery, n (%) 39 (51.3) 15 (53.6) 1 29 (51.8) 13 (46.4) 0.817
Tumor location, n (%) 0.832 0.599

Appendix 4(5) 0 (0) 3(54) 0(0)

Cecum 22 (27.5) 10 (35.7) 15 (26.8) 10 (35.7)

Ascending colon 24 (30) 7(25) 20 (35.7) 7 (25)

Hepatic flexure 15 (18.8) 6(21.4) 8 (14.3) 6(21.4)

Transverse colon 15 (18.8) 5(17.9) 10 (17.9) 5(17.9)
Preoperative CEA (ng/dL), median (IQR) 2.5 (1.3-4.6) 3.1(2-7.3) 0.069 24 (1.3-4) 3.1(2-7.3) 0.039
Tumor size (cm), median (IQR) 5.5 (4-7) 5.3 (3.6-7.3) 0.950 5.5(4.2-6.7) 53 (3.6-7.3) 0.600
Extent of surgery, n (%) 1.00 1.00

Right hemicolectomy 66 (82.5) 23 (82.1) 46 (82.1) 23 (82.1)

Extended right hemicolectomy 14 (17.5) 517.9) 10 (17.9) 5(17.9)
pTNM Stage, n (%) 0.568 0.959

1 13 (17.1) 517.9) 11 (19.6) 5(17.9)

1I 26 (34.2) 12 (42.9) 23 (41.1) 12 (42.9)

1 29 (38.2) 7 (25) 15 (26.8) 7(25)

v 8 (10.5) 4(14.3) 7 (12.5) 4(14.3)

BM1I body mass index, IQR interquartile range

had a hernia repair and another one had an en bloc splenec-
tomy). Our correlation analysis revealed that operating time
decreased significantly with the increasing number of cases
(Fig. 2) (p=0.001). Then, a CUSUM analysis and broken-
line model identified two cut-off points: at case 6 [95% CI
(4.6-7.8)] and 13 [95% CI (10.8—15.2)]. This allowed for the
identification of three periods in our learning curve: learning
phase (1-6), consolidation phase (7-13), and mastery phase
(after 14 cases) as shown in Fig. 3.

Discussion

Our findings indicate that the institutional learning curve
of laparoscopic CME for right-sided colon cancer can be
achieved after 13 cases when members of the team have had
prior exposure to CME. Furthermore, this study suggests
that the implementation of CME is safe when performed
by surgeons with experience in complex minimally invasive
colorectal surgery.

Existing literature suggests that the completion of the
learning curve of a laparoscopic right colectomy with CME
can be achieved after 24-33 consecutive cases [9, 10].
Recently, Giani et al. conducted a multidimensional evalu-
ation of the learning curve of three surgeons performing a

laparoscopic right colectomy with CME [9]. They reported
a median operative time of 195 min, a median lymph node
harvest of 23 lymph nodes, and an overall complication rate
of 22%. Interestingly, their definition of learning curve com-
pletion did not rely in operating time, but rather on a risk-
adjusted CUSUM (RA-CUSUM) analysis of a composite
outcome of surgical success or failure. They defined surgical
failure as the occurrence of at least one of the following: con-
version, prolonged operative time, reoperation, major com-
plication, prolonged LOS, death, readmission, inadequate
lymph node sampling, or positive margin. The RA-CUSUM
included an adjustment based on an estimated probability
of surgical failure (depending on preoperative patients’ fac-
tors). Although the interpretation of results could be less
intuitive in this scenario, the assessment of proficiency
takes into account different levels of the surgical procedure.
For the different surgeons evaluated in this study, opera-
tive time CUSUM analyses showed a peak at cases number
27,26, and 17, while the RA-CUSUM analyses determined
peaks at cases number 24, 33, and 22. Hence, the authors
suggested 24 to 34 cases as the range of cumulative cases
in which surgeons can achieve proficiency in laparoscopic
CME for right colon cancer. In another two-center retrospec-
tive study, Cuk et al. employed an operating time CUSUM
analysis to assess the learning curve of laparoscopic CME
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Table 2 Comparison of

. . Variables Non-CME (n=56) CME (n=28) p value
perioperative results

Conversion, n (%) 0(0) 0(0) 1.00
Operative time (min), median (IQR) 195 (176-246) 201 (178-238) 0.657
Length of stay (days), median (IQR) 4 (3-5) 3(2-5) 0.279
Lymph nodes harvested (2016-2023), median (IQR) 27.5 (19-34) 22.5(18-27.5)  0.081
Lymph nodes harvested (2022-2023), median (IQR) 21 (15-29) 22.5(18-27.5) 0.643
Overall complications, n (%) 15 (26.8) 9(32.1) 0.798
Comprehensive complication index, median (IQR) 0 (0-8.7) 0(0-11.8) 0.641
Complication according to Clavien-Dindo, n (%) 0.722

1 3(54) 2(7.1)

Il 8 (14.3) 6(21.4)

1Ia 1(1.8) 0(0)

1IIb 0 (0) 1(3.6)

IVa 1(1.8) 0(0)

A% 1(1.8) 0(0)
Severe complications, n (%) 3(5.4) 1(3.6) 1.00
Complications, n (%)

Anastomotic leakage 0(0) 0(0)

Prolonged ileus 2 (3.6) 3(10.7)

Bleeding 3(54) 2(7.1)

Venous mesenteric ischemia 1(1.8) 0 (0)

Intra-abdominal abscess 4(7.1) 0(0)

Postoperative anemia requiring transfusion 1(1.8) 3(10.7)

Other 3(54) 1(1.8)
Readmission, n (%) 5(8.9) 1(3.6) 0.653
Reoperations, n (%) 1(1.8) 1(3.6) 1.00
Mortality, n (%) 1(1.8) 0(0) 1.00

IQR interquartile range

y=24028 +-311x

Surgical time (min)

0 5 10 15
Progressive number of Procedures

Fig.2 Scatter plot showing the correlation between operative time
and the progressive number of procedures. Pearson correlation coef-
ficient= —0.624 (p=0.001)
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for right-sided resections [10]. They used the CUSUM anal-
ysis to determine peak in operative time which was used
to conduct a comparison between pre-peak and post-peak
perioperative outcomes, finding a significant decrease in
the mean operative time (217.2 vs 191.6 min,; p=0.05) and
a non-statistically significant reduction in severe surgical
complications (defined as Clavien—Dindo > 3) (13% vs 7%;
p=0.67). These post-peak results include an overall com-
plication rate of 26% and a mean operating time of 191 min
which are similar to our findings. They identified the peak
in operative time at the 32nd case, leading them to conclude
that this number of cases is required to reach the plateau
phase in the learning curve.

Discrepancies between our results and the existing litera-
ture can be attributed to several factors. First, the definition
of a learning curve completeness can differ across studies.
As pointed earlier, previous studies do not use a homogene-
ous methodology. Learning curve completeness interpreta-
tions are based on the peak of the CUSUM curve consider-
ing operating times or composite outcomes. Although no
specific methodology is universally accepted to evaluate
learning curves, we aimed to determine this cut-off point
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Fig.3 CUSUM curve analysis. A CUSUM variation according to the accumulation of surgical procedures; B broken-line model is applied to
CUSUM curve, allowing the identification of 3 phases: learning, consolidation and mastery, divided by the case number 6 and 13

using the broken-line model, which is a technique that has
been employed in learning curve analyses in other studies
[15]. Secondly, there might be significant variability among
the surgeons performing the procedures and their degree of
prior exposure to CME across different reports. In our study,
the participants were consultant colorectal surgeons with an
extensive experience in advanced laparoscopic colorectal
surgery. Each had completed an intracorporeal anastomo-
sis learning curve [16], but only one was familiar with the
CME technique. Conversely, Giani et al. included three sur-
geons characterized as having “some degree of experience
in minimally invasive colorectal surgery” with 34,110 and
95 previous cases, respectively. Cuk et al. analyzed “cer-
tified colorectal and experienced laparoscopic surgeons”
each having completed a training program specific to CME
surgery. Thirdly, we proposed the analysis of an institutional
rather than an individual learning curve. We posit that this
more accurately represents the learning process of the whole
surgical team and not just the individual surgeon. As dis-
cussed in other studies, surgeons may have participated
as an assistant in the same procedure, which could subse-
quently influence their learning curve. Which metrics better
represent proficiency or whether learning curves should be
assessed at individual or institutional levels remains a debat-
able matter. Nevertheless, all efforts contribute to a better
understanding of this phenomenon and should be considered
when examining the various aspects of a learning curve.
For right colon tumors, a D3 dissection involves the clear-
ance of lymphatic tissue overlying the superior mesenteric
vessels, which is considered a challenging territory for most
colorectal surgeons. This technical aspect becomes relevant
since some studies suggest a survival benefit of CME over
conventional surgery at the expense of higher vascular

morbidity rates [17]. Therefore, in the era of minimally
invasive surgery, there has been reservation with regards to
performing radical lymphatic clearance due to the perceived
increased risk in high body mass index Western patients
[18]. Nevertheless, recent reports from randomized clinical
trials demonstrate no increase of intraoperative and postop-
erative surgical complications [4, 5, 19]. Our findings are
consistent with previous reports indicating that when CME
is executed by experienced laparoscopic colorectal surgeons
it is as safe as performing a conventional resection (even
during an implementation period).

Several limitations of this study need to be considered.
Its retrospective nature may induce bias. Furthermore,
the small sample size may potentially compromise the
statistical power of our findings. Additionally, our decision
to describe an institutional learning curve can also limit the
generalizability of the outcomes and conclusions, when
compared to individuals’ learning curves. Finally, relying
solely on surgical time as a surrogate of a learning curve
may be restrictive. Potentially, with increasing numbers
more comprehensive methodologies can be applied to
elucidate both individual and institutional realities regarding
the learning process.

A more widespread adoption of minimally invasive CME
may happen with evolving technology. While our findings,
along with prior studies, have demonstrated the safety of
this technique in the laparoscopic setting, the safety of a
robotic approach to CME has concurrently been confirmed
in a recent meta-analysis of retrospective studies [8]. Robotic
surgery provides a stable three-dimensional, surgeon-con-
trolled laparoscope and wristed instruments. These features
allow for a more precise dissection along vascular structures
which may facilitate the performance of these operations
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[20, 21]. However, the impact of these theoretical benefits is
yet to be demonstrated on learning curves and objective eval-
uations of surgeons performing these complex procedures.
Hence, future research should also focus on comparing the
learning curve of robotic and laparoscopic approaches to
CME. Finally, training within workshops, simulation mod-
els (utilizing cadaveric or synthetic tissues) and fellowships
should also be investigated. Strategies to shorten learning
curves and enhance the surgeons’ confidence and compe-
tencies related to vascular dissections in this context will be
required before expecting a more widespread dissemination
of CME.

Conclusion

The learning curve of laparoscopic CME can be achieved
after 13 cases in centers with experience in advanced
laparoscopic surgery and when surgeons have had exposure
to this technique. Additionally, the implementation of CME
within this setting is as safe as performing a conventional
right colectomy. Further studies will be required to confirm
these results.
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