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Abstract
Purpose  Performing intracorporeal anastomoses in minimally invasive colon surgery appears to provide better short-term 
outcomes for patients with colon cancer. The aim of the study is to compare surgical aspects and short-term outcomes 
between intracorporeal and extracorporeal techniques in left colectomies with both laparoscopic and robotic approaches and 
evaluate advantages and disadvantages of intracorporeal anastomosis according to IDEAL framework (Exploration, stage 
2b).
Methods  This is a single center, ambispective cohort study comparing total intracorporeal anastomosis (TIA) and standard 
surgery with extracorporeal anastomosis (EA). Patients with colon cancer treated by left colectomy, sigmoidectomy and high 
anterior resection by total intracorporeal anastomosis between May 2020 and January 2023 without exclusion criteria were 
prospectively included in a standardized database. Short-term outcomes in the group undergoing TIA were compared with a 
historical EA cohort. The main assessment outcomes were intraoperative complications, postoperative morbidity according 
to the Clavien-Dindo scale and the comparison of pathological. We conducted a preliminary comparative study within the 
TIA group between approaches, a primary analysis between the two anastomotic techniques, and a propensity score matched 
analysis including only the laparoscopic approach, between both anastomotic techniques.
Results  Two hundred and forty-six patients were included: 103 who underwent TIA, 35 of them with laparoscopic approach 
and 68 with robotic approach, and a comparison group comprising another 103 eligible consecutive patients who under-
went laparoscopic EA. There were no statistically significant differences between the two groups in terms of demographic 
variables. No statistically significant differences were observed in anastomotic dehiscence. Intraoperative complications are 
fewer in the TIA group, with a higher C-Reactive Protein levels. Relevant anastomotic bleeding and the number of retrieved 
lymph nodes were higher in EA group. Nevertheless, no differences were observed in terms of overall morbidity.
Conclusion  Minimally invasive left colectomy with intracorporeal resection and anastomosis is technically feasible and 
safe suing either a laparoscopic or a robotic approach. Clinical data from this cohort demonstrate outcomes comparable to 
those achieved through the conventional EA procedure in relation to postoperative morbidity and oncological efficacy, with 
indications suggesting that the utilization of robotic-assisted techniques may play a contributing role in enhancing overall 
treatment outcomes.
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Introduction

Minimally invasive surgery has represented a major step 
forward in the treatment of colorectal cancer. Compared 
to open surgery, laparoscopic approach has provided bet-
ter patient recovery and better short-term outcomes, such as 
lower rates of postoperative complications, less postopera-
tive pain with smaller incisions and less surgical aggression, 
lower mortality at 30 days after surgery, lower blood loss, 
and shorter hospital stay [1–4]. 

Today, laparoscopy is the preferred approach in colorec-
tal surgery, firmly established in Western countries. For 
transit reconstruction anastomosis, extracorporeal anasto-
mosis (EA) is commonly employed, involving tissue extrac-
tion through an accessory incision. Mobilizing the colon is 
essential to prevent unwanted traction on the mesocolon and 
mitigate risks of ischemia or bleeding. Recently, intracorpo-
real anastomosis (IA) techniques have emerged to enhance 
results and minimize tissue manipulation, avoiding exces-
sive traction [5, 6]. 

Most comparisons of IA and EA techniques have focused 
mainly on surgery of the right colon and the mid or low rec-
tum. Multiple studies have shown the benefits of IA, such 
as shorter hospital stay, lower postoperative complications, 
faster gastrointestinal recovery, and more accurate lym-
phatic resection for oncological assessments [7, 8]. 

The literature on intracorporeal resection and anastomo-
sis in left colon and sigmoid surgery is limited. In recent 
years, various techniques have been described in both lap-
aroscopic and robotic surgery, promising good short- and 
long-term outcomes [9–16]. 

However, comparing these IA techniques directly to the 
standard extracorporeal method is complex. The literature’s 
findings on functional disparities between various anasto-
mosis types are inconsistent. While side-to-end and side-
to-side anastomoses are considered safe alternatives to 
end-to-end anastomosis, mechanical end-to-end anastomo-
sis yields superior functionality with the lowest complica-
tion rates [17, 18].

Currently, the clinical use of IA in left colectomy is lim-
ited due to insufficient evidence supporting its superiority 
over extracorporeal anastomosis. The lack of randomized 
trials and the considerable data heterogeneity contribute to 
this limitation.

Robotic surgery has introduced new IA techniques, lever-
aging its benefits such as enhanced visualization, precise 
dissection, reduced tremor, and increased wrist flexibility 
for intracorporeal sutures.

In left colectomy, some studies suggest the robotic 
approach can reduce morbidity, conversion rates, and hospi-
tal stays. However, not all studies corroborate these benefits 
[19–22].

Regarding robotic IA, literature primarily concentrates on 
right-sided techniques [23, 24], while left-sided anastomo-
ses are often extracorporeal. Limited studies exist on roboti-
cally performed IA. Recent research indicates that robotic 
left colectomy with entirely intracorporeal anastomosis 
(R-TIA) is safe and feasible, yielding positive short-term 
outcomes. In terms of comparisons with the laparoscopic 
approach, there are few but promising findings for R-TIA 
[25–34].

Our hypothesis is that IA in minimally invasive left 
colon, sigmoid, and upper rectum surgery is non inferior 
to the standard extracorporeal techniques. The main objec-
tive is to determine the non-inferiority of the intracorpo-
real technique regarding the primary variable, anastomotic 
dehiscence. The secondary objectives include the com-
parison of both techniques with respect to short-term out-
comes, considering intraoperative results, postoperative 
complications, hospital stay, and pathology. Additionally, 
it includes assessing differences between laparoscopic and 
robotic IA and their impact on outcomes compared to EA. 
This study corresponds to IDEAL framework Stage 2B 
(Exploration).

The ultimate goal of our research process on intracorpo-
real anastomosis of the left colon, sigmoid colon, and upper 
rectum is to define the intervention, its indications, and the 
quality standards by means of a prospective cohort study in 
order to address and overcome the obstacles to a definitive 
comparative trial [35–37]. 

Materials and methods

Study design

This is a single center, ambispective cohort study of con-
secutive patients undergoing laparoscopic or robotic left 
colectomy, sigmoidectomy, and high anterior resection 
for colorectal adenocarcinoma. A retrospective cohort of 
patients who had undergone left colectomy with conven-
tional EA with laparoscopic approach was used as a control 
group for comparison with the prospective cohort undergo-
ing TIA, either laparoscopic or robotic. Both groups com-
prised 103 patients.

Study population. Selection criteria

All patients were evaluated by the multidisciplinary 
colorectal tumor committee. The therapeutic strategy was 
determined in accordance with the Colon Cancer NCCN 
Clinical Practice Guidelines in Oncology. Version 2. 2021 
[38].
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Inclusion criteria

Patients over 18 years of age diagnosed with colon adeno-
carcinoma confirmed by biopsy, located in left colon, sig-
moid colon or upper third of the rectum above the peritoneal 
reflection, who underwent a left colectomy, sigmoidectomy 
or upper anterior resection with inferior mesenteric ves-
sels resection and middle colic artery preservation, mini-
mally invasive laparoscopic or robotic approach; consent 
to undergo the procedure; aim of R0 resection and surgery 
with curative intent.

Exclusion criteria

Refusal to participate in the study; non-curative intent sur-
gery (palliative surgery); emergency surgery; synchronous 
tumors, multivisceral resections, malnutrition (preoperative 
albumin ≤ 3.4  g/dl); pregnancy or pulmonary disease that 
precluded the creation of the pneumoperitoneum.

Patients were included in the study consecutively from 
the time of inclusion of the first eligible patient.

Perioperative management

The study followed the Ethical Principles for Medical 
Research Involving Human Subjects as outlined in the Dec-
laration of Helsinki. The local Institutional Ethics Com-
mittee approved the use of the intracorporeal technique 
for the treatment of tumors and diverticular disease of the 
left colon, sigmoid, and upper third of the rectum (CEIC 
2020/679). The study protocol was registered at www.Clini-
calTrials.gov (NCT0445693). The STROBE guidelines for 
observational studies were followed [39]. Informed consent 
was obtained from the patients after an explanation of the 
risks and benefits of the procedure.

The baseline characteristics of the patients were col-
lected, including age, sex, ASA score (American Society 

of Anesthesiologists), body mass index (BMI), and main 
diagnosis.

All patients who met the selection criteria were included 
in the study. Within the scheduled surgery, all patients fol-
lowed the prehabilitation program, where they try to opti-
mize their preoperative condition. Abdominal CT and a 
routine blood test were performed. All patients underwent 
antegrade mechanical preparation. Oral antibiotics were 
administered: erythromycin 1 g and neomycin 1 g (3 doses 
the day before surgery), antibiotic prophylaxis (amoxicillin-
clavulanate Ac 2 g / ev or, in the case of allergy, metronida-
zole 1 g/ev and gentamicin 3–5 mg/kg/ev) during anesthetic 
induction and thromboembolic prophylaxis (enoxaparin 
40  mg administered subcutaneously) according to institu-
tional protocol. Since April 2020, all prospective surgical 
patients underwent a COVID19 PCR test and a chest CT in 
the 48 h prior to surgery. A positive result contraindicates 
surgery.

All surgical procedures were performed by the colorectal 
surgery team at Parc Taulí University Hospital, who have 
extensive experience in minimally invasive colorectal sur-
gery. The team comprises five surgeons.

The surgical procedure was conducted under general 
anesthesia with endotracheal intubation and catheteriza-
tion of the bladder. A standardized enhanced recovery after 
surgery (ERAS) protocol [40] was applied to manage all 
patients. Early mobilization and a liquid trial commenced 
6 h post-surgery. Uniform analgesic measures were admin-
istered to all patients. Oncological surgeries adhered to pre-
vailing guidelines and established oncological criteria.

Surgical technique (Fig. 1) [11]

In the historical cohort of patients operated upon using the 
conventional technique, the approach was laparoscopic. In 
the prospective cohort of patients who underwent TIA, the 
approach used was determined by the availability of robotic 

Fig. 1  Surgical technique. A 
Mesocolon section using the IMA 
as a reference. B Colotomy and 
stapler anvil head placement. C 
Exteriorization of the stapler head 
pulling from prolene suture. D, E 
Removal of the anvil tip [11]
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1.	 Extracorporeal Anastomosis Technique (EA - Historical 
Cohort): The sigmoid adhesions are separated, and the 
rectosigmoid junction is mobilized. The distal colon is 
sectioned using an Echelon stapler. A Pfannenstiel inci-
sion is made to exteriorize the tumor. Subsequently, an 
extracorporeal resection of the left mesocolon/meso-
sigma is performed, and the anvil of a 29-mm curved 
circular stapler (B. Braun, Melsungen, Germany) is 
placed. Finally, pneumoperitoneum is reestablished for 
colorectal anastomosis.

2.	 Totally Intracorporeal Anastomosis Technique (TIA - 
Prospective Cohort)

2.1	Laparoscopic Left Colectomy with TIA:

�An additional incision is made for the insertion of 
the head of a 29-mm curved circular stapler (B. 
Braun, Melsungen, Germany), secured with a 0 
Prolene® suture and protected with an endoscopic 
bag. Intracorporeal resection of the left mesoco-
lon is performed up to the proximal end, using the 
vascular pedicle as a reference. The intracorporeal 
insertion of the stapler head and proximal transec-
tion is carried out by introducing the stapler head 
through the colotomy, guiding the removal of the 
stapler head through the colon wall using a prolene 
suture, and performing the distal section with an 
Echelon stapler (60 mm blue load). The stapler head 
is exteriorized at the proximal end of the colon, and 
a purse-string suture is performed with 2.0 prolene.

2.2	Robotic Left Colectomy with TIA:

�An accessory incision is made to introduce the head 
of the anvil with the tip into the abdominal cavity. 
Intracorporeal resection of the left mesocolon is 
carried out similarly to the laparoscopic approach 
after robot docking. Next, an end-to-end mechani-
cal anastomosis is fashioned using a 29 mm Braun 
circular stapler, verifying the anastomotic rings and 

equipment, as this resource is also used by other surgery 
teams at our institution. Consequently, both laparoscopic 
and robotic approaches were applied in this cohort. IA tech-
niques with both laparoscopic and robotic approaches have 
been described in previous work [10–12]. 

Patients underwent a left colectomy, sigmoidectomy, or 
high anterior resection with laparoscopic approach in accor-
dance with oncological criteria for lymphadenectomy and 
vascular sectioning and a 29-mm curved circular stapler 
(B. Braun, Melsungen, Germany) was used in both cohorts. 
ICG was used but not systematically.

a. Access and Placement (Fig. 2)

Laparoscopic Approach: Umbilical Hasson port for the 
camera, a 12 mm port in the right iliac fossa, and 5 mm ports 
in the right upper quadrant and left iliac fossa.

Robotic Approach: Use 12 mm (R3) and 8 mm (R1, R2, 
R4) robotic ports following the left colon technique. An 
extra 12 mm port (R1b) if needed. Da Vinci Xi Robot was 
docked on the left side.

b. Patient positioning

The patient is placed in a supine with arms tucked and legs in 
modified lithotomy position. The patient is tilted to the right 
and placed in a Trendelenburg position for both approaches.

c. Dissection

The inferior mesenteric pedicle is divided while preserv-
ing the ureter and autonomic nerves. High ligation of the 
inferior mesenteric artery (IMA) is performed, along with 
standardized mobilization of the splenic flexure if neces-
sary. Subsequently, the colon is mobilized, and the upper 
rectum and mesorectum are transected using a linear stapler.

d. Proximal Colon transection and Anastomosis

All patients undergo end-to-end anastomosis.

Fig. 2  Diagram of trocar place-
ment and possible accessory 
incisions for specimen extrac-
tion (Pfannenstiel incision or 
transverse incision depending 
on the patient’s characteristics). 
A Laparoscopic approach. B 
Robotic approach
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vs. 5% with the intracorporeal technique, with a delta mar-
gin of no more than 8%, and a probability of erroneously 
rejecting the null hypothesis (one-sided alpha risk) of 0.05 
and a probability of erroneously rejecting the alternative 
hypothesis (beta risk) of 0.2, we obtain, with an estimated 
10% loss per group, a minimum figure of 74 patients per 
group.

Statistical analysis was performed with the SPSS version 
29 (IBM Corporation, Armonk, NY). The prospective data 
collection permitted an analysis without missing values. 
Quantitative variables were depicted using mean values and 
standard deviation when normally distributed; otherwise, 
median, interquartile range, and range values were utilized. 
Categorical variables were presented as absolute numbers 
and percentages. Univariate statistical analysis of quanti-
tative variables involving independent groups employed 
the Student t-test for parametric assessment or the Mann-
Whitney non-parametric test as required. For categorical 
variables, Pearson’s X2 test or Fisher’s exact test was used, 
depending on the conditions. A p value < 0.05 was consid-
ered statistically significant, with a confidence interval of 
95%.

Propensity-score-matched analysis (PSM)

We conducted Propensity Score Matching (PSM) exclu-
sively with the laparoscopic approach patients, to elimi-
nate confounding variables and address potential biases 
in patient selection, arising from the assignment of 
patients to study groups or robotic approach. Propensity 
scores for all patients were determined based on the fol-
lowing factors: age, gender, ASA Score, prior abdominal 
surgery, surgery type and tumor size. Then we conducted 
a matching with 2:1 ratio using a caliper width of 0.1. 
The result is the pairing of two patients from the control 
group (EA group) with one patient from the prospective 
group (TIA group), based on the propensity score. This 
comparison was subsequently used in our subsequent 
analyses.

Results

From May 2020 to January 2023, 247 patients were 
assessed for eligibility. Prospectively, a left colectomy, 
sigmoidectomy, or high anterior resection with TIA was 
performed in 129 patients. Twenty-six patients who met 
exclusion criteria were not included. Finally, the group 
comprised 103 patients (35 laparoscopic, L-TIA, and 68 
robotic, R-TIA).

conducting an air test.Four to six reinforcing stitches 
with 2 − 0 silk are placed in all patients, regardless 
of the type of anastomosis or the type of approach 
(laparoscopic and robotic).

e. Piece extraction

An endoscopic bag is used to extract the specimen. In the EA 
group, extraction is done through the Pfannenstiel incision. 
In the TIA group, extraction is performed through the same 
point of stapler head introduction, this technique allows you 
to choose the site of the minilaparotomy (a 3–5 cm Pfannen-
stiel incision or a transverse mini-laparotomy, depending 
on the patient’s anatomical characteristics), with protec-
tion using the dual-ring retractor Alexis O Wound Protector 
C8401.

Outcome measures

Primary variable Anastomotic leakage (AL), defined by 
Peel et al.

Secondary outcome variables: Surgical aspects included 
surgery type, operative time, intraoperative complications 
(unexpected adverse events during surgery), and conver-
sion to open surgery. Postoperative factors within 30 days 
encompassed overall morbidity, Clavien-Dindo morbidity 
categorization, low morbidity (Clavien-Dindo ≤ II), high 
morbidity (Clavien-Dindo > II), Comprehensive Compli-
cation Index (CCI), surgical site infection (SSI), according 
to the Center for Disease Control (CDC) National Surveil-
lance System for Nosocomial Infections, post-operative 
ileus, ICU admission, relevant anastomotic bleeding, time 
to first meal, CRP levels, surgical and non-surgical compli-
cations, length of stay, return to operating room (OR), return 
to emergency department (ED), and postoperative mortality. 
Pathological variables involved pT, pN, tumor size, nodes 
identified, and the proportion of specimens with more than 
twelve nodes [41, 42]. 

Conversion to open surgery was considered if a mid-
line laparotomy was performed or a Pfannenstiel incision 
greater than 10 cm was necessary. Tumors were staged in 
accordance with the UICC and TNM of the AJCC, 8th edi-
tion [43]. 

Statistical analysis

The sample size of the comparative cohort study was calcu-
lated according to the primary outcome (AL) with non-infe-
riority criteria. Assuming a rate of AL of 7%, as expected 
in the standard extracorporeal treatment (historical cohort) 
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postoperative days 1 and 3, length of stay, or oncologic out-
comes (Tables 1, 2 and 3).

Comparative study between surgical techniques: EA 
technique group versus TIA technique group

No significant differences were found in the primary out-
come anastomotic leakage (3,9% vs. 3,9%, p = 1 (95% CI: 
0, -5.28 to 5.28), or anastomotic leakage with surgical treat-
ment (1,9% vs. 1%, p = 0,5, 95% CI: 0.97, -2.30 to 4.24).

The rate of intraoperative events was higher in the EA 
group (p = 0.03). Twenty-four intraoperative complications 
or events were recorded in the EA group versus twelve in 
the TIA group (four in L-TIA and eight in R-TIA).

No differences were observed between the groups in 
terms of the type of intraoperative events that occurred. 
There were four failures of the air leak test, all in sig-
moidectomies, and all were solved with reinforcement of 

In the historical cohort with the standard technique (EA), 
118 patients who had undergone surgery immediately before 
the start of the prospective cohort were retrospectively col-
lected. Finally, 103 patients were included without exclu-
sion criteria. Figure 3 shows the cohort study flow diagram.

Comparative study inside the TIA group: 
laparoscopic versus Robotic Approach

No significant differences were found in the primary out-
come anastomotic leakage (2 cases vs. 2 cases, p = 0.60 
(2.77, -5.90 to 11.45) or anastomotic leakage with surgical 
treatment (1 case vs. 0 cases, p = 0.34 (2.86, -2.66 to 8.38).

Operating time was significantly longer in the robotic 
approach group (L-TIA group 190  min, R-TIA group 
217.5  min, p = 0.004). No significant differences were 
found in terms of morbidity or mortality, or in other post-
operative features such as time to first meal, CRP levels on 

Fig. 3  Cohort study flow diagram 
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p = 0.63, pN, p = 0.09 with a majority being staged as T3N0, 
and UICC stage II and III). The median tumor size was sim-
ilar in both groups (3.5 cm vs. 4 cm, p = 0.16).

As for the lymphadenectomy, a mean of 22 nodes were 
removed in the EA group vs. 18 in each TIA group, with 
statistical significance (p = 0.01). There were no differences 
between the groups in terms of lymphadenectomies yielding 
more than 12 nodes (89.3% vs. 91.3%, p = 0.63) (Table 4, 5 
and 6).

Propensity score matched analysis. EA technique 
group versus Laparoscopic-TIA technique group

After eliminating the robotic factor, we conducted a pro-
pensity score matching analysis within the laparoscopic 
approach to reduce confounding factors. Patients’ charac-
teristics, operative method, perioperative, postoperative 
results, and oncological outcomes before and after the PSM 
are shown in Tables 4, 5 and 6.

No significant differences were found in the primary 
outcome anastomotic leakage (4.4% vs. 5.9%, p = 0,54), or 
anastomotic leakage with surgical treatment (2.9% in both 
groups p = 0.74).

Regarding perioperative variables, no differences 
are observed between groups in terms of operative time 
(160 min vs. 185 min, p = 0.052), intraoperative complica-
tions or events (19.1% vs. 11.8%, p = 0.34), or conversion 
to open surgery.

the anastomosis with single stitches. Relevant bleeding in 
four (no transfusions were needed, and bleeding controlled 
during surgery), small bowel or colon detachment in five 
(no perforation), low-grade spleen laceration in four, and 
technical difficulties in three. The remaining cases were 
instances of dissection difficulty due to adhesions. Conver-
sion to open surgery was higher in the EA group (9 cases vs. 
0 cases, p = 0.002).

No significant differences were found in overall postop-
erative morbidity (37.9% vs. 29.1%, p = 0.14) or mortality 
(1 case vs. 0 cases, p = 0.5). This also applies to SSI (8,7% 
vs. 6.8%, p = 0.60) adynamic ileus rate (4.9% vs. 6.8%, 
p = 0.55), length of stay (median of 3 days in both groups), 
and the rate of reoperation (1.9% vs. 5.8%, p = 0.15).

Relevant anastomotic bleeding was higher in the EA 
group than in the TIA group (15.5% versus 6.8%, p = 0.04, 
95% CI: 8.74, 0.22 to 17.26). A higher rate of return to ED 
was observed in the EA group (16.5% vs. 6.9%, p = 0.03, 
95% CI: 9.71, 1.05 to 8.66). Significantly higher first- and 
third-day CRP levels were found in the TIA group (1st day 
CRP p ≤ 0.001, 3rd day CRP p = 0.008).

Only one patient died during the postoperative period, 
in the EA group, due to a sudden cardiorespiratory arrest 
24 h after surgery. The autopsy revealed a large hemoperi-
toneum. It was not possible to establish whether this, or the 
resuscitation maneuver, was the cause of death.

As regards oncological outcomes, there were no signifi-
cant differences in the tumor staging between groups (pT, 

Table 1  Patients’ characteristics and perioperative data in TIA group
Characteristic Laparoscopic-TIA group

(n = 35)
Robotic-TIA group
(n = 68)

p- value (95% CI)

Sex, male/female, n (%) 19 (54,29%)/16 (45,61%) 36 (52,9%)/ 32 (47,1%) 0.89
(1,34, -18.98 to 20.33)

Age, median (IQR), years 69 (16) 71 (15) 0.99
BMI, median (IQR), kg/m2 26,22 (6,33) 27.57 (7,77) 0.53
ASA score (average), n (%) I 2 (5,7%) 9 (13,2%) 0.56

II 15 (42,9%) 32 (47,1%)
III 16 (45,7%) 24 (35,3%)
IV 2 (5,7%) 3 (4,4%)

ASA score ≥ III, n (%) 18 (51,4%) 27 (39.7%) 0.25
(11,72, -8.51 to 31.96)

Surgical technique Left colectomy 7 (20,0%) 9 (13,2%) 0.59
Sigmoidectomy 16 (45,7%) 37 (54,4%)
High anterior resection 12 (34,3%) 22 (32,4%)

Previous abdominal surgery, n (%) 18 (51,4%) 31 (45,6%) 0.57
(5.84, -14.51 to 26.19)

Operating time, median (IQR), min 190 (60) 217,5 (74) 0.004
Splenic flexure mobilization, n (%) 9 (25,7%) 21 (30,9%) 0.58

(-5,17, -23.34 to 18.17)
Intraoperative complications, n (%) 4 (11,4%) 8 (11,8%) 0.61

(-0,34, -13.36 to 12.69)
Conversion to open surgery, n (%) 0 0 1
Laparoscopic-TIA: Laparoscopic approach with totally intracorporeal anastomosis, Robotic-TIA: Robotic approach with totally intracorporeal 
anastomosis, BMI: Body Mass Index, ASA: American Society of Anesthesiologists, IQR: Interquartile range
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Table 2  Thirty-day postoperative morbidity-mortality in intracorporeal technique patients in TIA group
Characteristic Laparoscopic-TIA

(n = 35)
Robotic-TIA
(n = 68)

p-value
(95% CI)

Overall morbidity, n (%) 13 (37,1%) 17 (25%) 0.14
(13.61, -5.30 to 32.53)

Clavien-Dindo classification (Cl-D) 0 22 (62,9%) 51 (75,0%) 0.31
I 5 (14,3%) 9 (13,2%)
II 4 (11,4%) 6 (8,8%)
IIIa 0 0
IIIb 4 (11,4%) 2 (2,9%)
IVa 0 0
IVb 0 0
V 0 0

Low-grade morbidity (Cl-D ≤ II), n (%) 9 (25,7%) 15 (22,1%) 0.67
(3,66, -13,86 to 21,17)

High-grade morbidity (Cl–D > II), n (%) 4 (11,4%) 2 (2,9%) 0.17
(8.99, -4.53 to 22.5)

Comprehensive Complication Index (CCI) score, median 
(IQR)

0 (8,7) 0 (6,5) 0.133

Surgical site infection (SSI), n (%) 4 (11,4%) 3 (4,4%) 0.22
(7.02, -4.6 to 18.63)

Incisional-SSI, n (%) 0 1 (1,5%) 0.66
(-1,47, -4,33 to 1,39)

Organ/space-SSI, n (%) 3 (8,6%) 2 (2,9%) 0.33
(5,63, -4,48 to 15,74)

Anastomotic leak, n (%) 2 (5,7%) 2 (2,9%) 0.60
(2.77, -5.90 to 11.45)

Surgical anastomotic leak, n (%) 1 (2,9%) 0 (0) 0.34
(2.86, -2.66 to 8.38)

Surgical complications, n (%) 11 (31,4%) 16 (23,5%) 0.47
(7.90, -10.49 to 26.29)

Non-surgical complications, n (%) 5 (14,3%) 3 (4,4%) 0.11
(9.87, -2.70 to 22.45)

Post-operative ileus, n (%) 3 (8.6%) 4 (5.9%) 0.68
(2.69, -8.14 to 13.52)

ICU admission, n (%) 1 (2.9%) 0 (0) 0.34
(2.86, -2.66 to 5.52)

Relevant anastomotic bleeding, n (%) 2 (5.7%) 5 (7.4%) 0.55
(-1.64, -11.52 to 8.24)

Time to 1st meal, median (IQR), h 6 (0) 6 (0) 0.84
1st day CRP, median (IQR) 3.35 (4.86) 3.56 (3,51) 0.50
3rd day CRP, median (IQR) 4,11 (7,44) 4.09 (6,71) 0.69
Returns to OR, n (%) 4 (11.4%) 2 (2.9%) 0.17

(8.49, -2.79 to 19.77)
Return to ED 30 days, n (%) 2 (5,7%) 5 (7,4%) 0.55

(-1.64, -11.52 to 9.88)
Hospital readmission 30 days, n (%) 1 (2,9%) 3 (4,4%) 0.58

(-1.55, -8.92 to 5.81)
Overall mortality 30 days, n (%) 0 0 1
Surgery-related mortality 30 days, n (%) 0 0 1
Length of stay, median (IQR, range) days 3 (1, 3–54) 3 (1, 3–8) 0.27
L-TIA: Laparoscopic approach with totally intracorporeal anastomosis, R-TIA: Robotic approach with totally intracorporeal anastomosis, ICU: 
Intensive Care Unit, CRP: C-reactive protein, OR: Operating room, ED: Emergency department, IQR: Interquartile range
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Discussion

The minimally invasive approach for colorectal surgery, 
preferred for both oncological and benign cases, leads to 
fewer post-surgical complications, quicker recovery, less 
pain, and shorter hospital stays [1–4].

In right hemicolectomy, especially with a robotic 
approach, IA provides better short-term outcomes without 
adding risks [5, 6, 8, 44]. . However, anatomical complexi-
ties and anvil head insertion have limited IA use in left colon 
surgery.

Recently, TIA has been gradually incorporated into left 
colon surgery. Robotic approach has been a critical step in 
the evolution of TIA in recent years; it has helped to over-
come the technical difficulties and has established a system-
atized and reproducible method for anastomosis.

Our comparative study did not show differences in patient 
demographic characteristics between groups.

In the preliminary analysis within the TIA group compar-
ing the two approaches (laparoscopic and robotic), differ-
ences are only observed in terms of operative time, which 
is significantly longer in the robotic group. We interpret 
this result as both approaches being comparable in terms 
of outcomes, except for the operative time. The extended 
robotic surgery time is primarily due to technical factors 
like docking, instrument placement, and potential redocking 
as needed. The Propensity score matching analysis (PSM) 
demonstrate that laparoscopic EA and IA surgery is similar, 
implying that it doesn’t demand exceptional skills, and it 
suggest that the extended surgical time is primarily due to 

Concerning postoperative course, no differences were 
found in terms of postoperative morbidity (32.4% vs. 
35.3%, p = 0.76) or mortality. Nor in other variables such as 
SSI (5.9% in both groups, p = 0.25), surgical complications 
(27.9% vs. 29.4%, p = 0.87) and non-surgical complica-
tions 13.2% vs. 11.8%, p = 0.55), post-operative ileus (7.4% 
vs. 8.8%, p = 0.79), relevant anastomotic bleeding (16.2% 
vs. 5.9%, p = 0.12), time to first meal (6 h in both groups, 
p = 0.32), return to OR (1.5% VS 8.8%, p = 0.10), return to 
ED (11.8% vs. 5.9%, p = 0.28), hospital readmission (4.4% 
vs. 2.9%, p = 0.59) and length of stay (3 days in both groups, 
p = 0.40).

The levels of PCR on the 1st postoperative day were 
significantly higher in the TIA group compared to the 
EA group (2.27 vs. 3.61, p = 0.012), but no differences 
were observed on the 3rd postoperative day (3.1 vs. 4.1, 
p = 0.17).

Regarding oncological outcomes, no differences were 
found between groups in terms of tumor staging ((pT, 
p = 0.23, pN, p = 0.30 with a majority being staged as T3N0, 
and UICC stage II and III), lymph node harvest (21.5 vs. 19, 
p = 0.24), percentage of patients with more than 12 nodes 
detected (88.2% vs. 97.1%, p = 0.13), or tumor size (3.4 cm 
vs. 4 cm, p = 0.38).

In the subgroup of obese patients, there were no differ-
ences in terms of postoperative complications (i.e., con-
version to open surgery, anastomotic leakage, surgical site 
infections, relevant anastomotic bleeding, reoperation rate, 
hospital stay, or emergency department visits).

Table 3  Histopathological findings in TIA technique group patients
Characteristic Laparoscopic-TIA (n = 35) Robotic-TIA (n = 68) p-value

(95% CI)
Pathological T Stage, n (%) 0.21
  pTis 1 (2,9%) 1 (1,5%))
  pT1 3 (8,8%) 11 (16,2%)
  pT2 6 (17,6%) 6 (8,8%)
  pT3 22 (64,7%) 37 (54,4%)
  PT4 2 (5,9%) 13 (19,1%)
Pathological N Stage, n (%) 0.90
  pN0 24 (68,6%) 45 (66,2%)
  pN1 6 (17,1%) 11 (16,2%)
  pN2 5 (14,3%) 12 (17,6%)
Overall lymph nodes found, median (IQR) 19 (9) 18 (13) 0.68
N ≥ 12 34 (97,1%) 60 (88,2%) 0.13 (8.91, -0.53 to 18.35)
Maximum tumor diameter, median (IQR), cm 4 (2,5) 4,1 (2) 0.63
Postoperative UICC Stage, n (%) 0.89
  I 9 (25,7%) 14 (20,6%)
  II 13 (37,1%) 27 (39,7%)
  III 11 (31,4%) 21 (30,9%)
  IV 2 (5,7%) 6 (8,8%)
Laparoscopic-TIA: Laparoscopic approach with totally intracorporeal anastomosis, Robotic-TIA: Robotic Approach with totally intracorporeal 
anastomosis, UICC: Union for International Cancer Control, IQR: Interquartile range
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to the TIA group. EA involves the extraction of the colon 
through the accessory incision, which increases mesenteric 
tension and may lead to ischemia, edema, delayed intestinal 
recovery or subsequent anastomotic bleeding. The rates of 
anastomotic dehiscence and adynamic ileus did not differ 
between the groups, but the rate of anastomotic bleeding 
was higher in the EA group. It results in a higher rate of 
visits to the emergency department, and it has an impact 
on health expenditure, and increases the overall healthcare 
costs per patient, which in turn influences clinical practice.

From a surgical perspective, there are no technical dif-
ferences that could explain the variation in postoperative 
bleeding rates, aside from the need to extract tissue through 
an accessory incision to complete the resection and place 
the anvil head. In both the EA and TIA groups, using both 
approaches, the vascular division is performed at the same 
level (high ligation), and the colonic division is carried out 
mechanically with a linear stapler with the same caliber. 
Colorectal anastomosis is performed with the same circu-
lar stapler, also with the same caliber. No differences were 

the robotic approach. For experienced colorectal surgeons, 
TIA isn’t a challenging procedure.

Regarding intraoperative variables, the operative time is 
not assessable, as we are aware that differences exist based 
on the approach. However, differences do appear in intra-
operative complications and the conversion rate to open 
surgery. Based on this data, we can deduce that performing 
intracorporeal anastomosis reduces intraoperative negative 
events. However, the fact that patients with robotic approach 
are only in the TIA group and not in the EA group is an evi-
dent bias. When conducting the analysis exclusively with 
the laparoscopic approach, and thus eliminate the patients 
with robotic approach, the PSM shows us that there do not 
seem to be differences in any variables. This suggests that 
the robotic approach may be the key factor in reducing com-
plications during the surgical process, but at the expense of 
a longer surgical time, which in communities with signifi-
cant healthcare pressure is clinically relevant.

Concerning postoperative results, we observed a higher 
rate of anastomotic bleeding in the EA group compared 

Table 4  Patients’ characteristics and perioperative data between anastomotic techniques
 Entire cohort Propensity score matching analysis (ratio 2:1) 

Laparoscopic approach
Characteristic EA technique 

group
(n = 103)

TIA 
technique 
group
(n = 103)

p-value
(95% CI)

EA technique 
group
(n = 68)

Laparoscopic 
TIA technique 
group (n = 34)

p-value
(95% CI)

Sex, male/female, n (%) 66 (64,1%)/37 
(35,9%)

55 (53,4%)/ 
48 (46,6%)

0.12
(10.68, -2.69 to 24.05)

39 (57,4%)/29 
(42,6%)

18 (52,9%)/ 
16 (47,1%)

0.67 (4.41, 
-16.07 to 
24.9)

Age, median (IQR), years 69 (13) 71 (15) 0.68 69 (14) 68 (17) 0.67
BMI, median (IQR), kg/m2 27,39 (5,84) 27.4 (6,78) 0.63 27.12 (6.3) 26.46 (6.2) 0.99
ASA score (aver-
age), n (%)

I 4 (3,9%) 11 (10,7%) 0.12 3 (4.4%) 2 (5.9%) 0.94
II 58 (56,3%) 47 (45,6%) 34 (50%) 15 (44.1%)
III 39 (37,9%) 40 (38,8%) 29 (42.6%) 16 (47.1%)
IV 2 (1,9%) 5 (4,9%) 2 (2.9%) 1 (2.9%)

ASA score ≥ III, n (%) 41 (39,8%) 45 (43,7%) 0.57
(-3.88, -17.34 to 9.57)

33 (48.5%) 17 (50%) 0.88 (-1.47, 
-22.05 to 
19.11)

Surgical technique Left colectomy 17 (16,5%) 16 (15,5%) 0.22 14 (20.6%) 7 (20.6%) 0.98
Sigmoidectomy 63 (61,2%) 53 (51,5%) 33 (48.5%) 16 (47.1%)
High anterior 
resection

23 (22,3%) 34 (33,0%) 21 (30.9%) 11 (32.4%)

Previous abdominal surgery, n (%) 45 (43,7%) 49 (47,6%) 0.57
(-3.88, -17.48 to 9.71)

32 (47.1%) 17 (50%) 0.77 (-2.94, 
-23.51 to 
17.63)

Operating time, median (IQR), min 165 (70) 205 (79) ≤ 0.001 160 (86.5) 185 (61.25) 0.052
Splenic flexure mobilization, n (%) 27 (26,2%) 30 (29,1%) 0.64

(-2.91, -15.12 to 9.30)
18 (26.5%) 9 (26.5%) 1 (0, -18.16 

to 18.16)
Intraoperative complications, n (%) 24 (23,3%) 12 (11,7%) 0.03

(11.65, 1.40 to 21.90)
13 (19.1%) 4 (11.8%) 0.34 (7.35, 

-6.95 to 
21.66)

Conversion to open surgery, n (%) 9 (8,7%) 0 0.002
(8.74, 3.28 to 14.19)

0 0 1

EA: Extracorporeal anastomosis, TIA: Totally Intracorporeal anastomosis, BMI: Body Mass Index, ASA: American Society of Anesthesiolo-
gists IQR: Interquartile range
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Table 5  Thirty-day postoperative morbidity-mortality
 Entire cohort Propensity score matching analysis (ratio 2:1) 

Laparoscopic approach
Characteristic EA tech-

nique group
(n = 103)

TIA tech-
nique group
(n = 103)

p-value
(95% CI)

EA 
technique 
group
(n = 68)

Laparoscopic 
TIA technique 
group (n = 34)

p-value
(95% CI)

Overall morbidity, n (%) 39 (37,9%) 29 (28,2%) 0.14
(9.71, -53.07 to 22.48)

22 (32.4%) 12 (35.3%) 0.76 (-2.94, 
-22.48 to 16.6)

Clavien-Dindo classifica-
tion (Cl-D)

0 64 (62,0%) 73 (70,9%) 0.43 46 (67.6%) 22 (64.7%) 0.34
I 21 (20,4%) 14 (13,6%) 13 (19.1%) 5 (14.1%)
II 13 (12,6%) 10 (9,7%) 7 (10.3%) 3 (8.8%)
IIIa 0 0 0 0
IIIb 4 (3,9%) 6 (5,8%) 0 0
IVa 0 0 0 0
IVb 0 0 0 0
V 1 (1%) 0 0 0

Low-grade morbidity (Cl-D ≤ II), 
n (%)

34 (33,0%) 24 (23,3%) 0.12
(9.71, -2.50 to 21.92)

20 (29.4%) 8 (23.5%) 0.53 (-5.88, 
-12.02 to 23.79)

High-grade morbidity (Cl–D > II), 
n (%)

5 (4,9%) 6 (5,8%) 0.75
(-0.97, -7.11 to 6.14)

2 (2.9%) 4 (11.8%) 0.09 (-8.82, 
-20.37 to 2.73)

Comprehensive Complication 
Index (CCI) score, median (IQR)

0 (8,7) 0 (8,7) 0.21 0 (8.7) 0 (8.7) 0.71

Surgical site infection (SSI), n (%) 9 (8,7%) 7 (6,8%) 0.60
(1.94, -5.36 to 9.25)

4 (5.9%) 4 (5.9%) 0.25 (-5.88, 
-18.07 to 6.31)

Incisional-SSI, n (%) 2 (1,9%) 1 (1%) 0.50
(0.97, -2.30 to 4.24)

0 0 1

Organ/space-SSI, n (%) 7 (6,8%) 5 (4,9%) 0.55
(1.94, -4.45 to 8.33)

4 (5.9%) 3 (8.8%) 0.42 (-2.94, 
-13.99 to 8.11)

Anastomotic leak, n (%) 4 (3,9%) 4 (3,9%) 1
(0, -5.28 to 5.28)

3 (4.4%) 2 (5.9%) 0.54 (-1.47, 
-10.76 to 7.82)

Surgical anastomotic leak, n (%) 2 (1,9%) 1 (1%) 0.50
(0.97, -2.30 to 4.24)

2 (2.9%) 1 (2.9%) 0.74 (0, -6.96 to 
6.96)

Surgical complications, n (%) 32 (31,1%) 27 (26,2%) 0.44
(4.85, -7.48 to 17.18)

19 (27.9%) 10 (29.4%) 0.87 (-1.47, 
-20.13 to 17.19)

Non-surgical complications, n (%) 15 (14,6%) 8 (7,8%) 0.12
(6.80, -1.76 to 15.35)

9 (13.2%) 4 (11.8%) 0.55 (1.47, 
-12.03 to 14.97)

Post-operative ileus, n (%) 5 (4,9%) 7 (6,8%) 0.55
(-1.94, -8.33 to 4.45)

5 (7.4%) 3 (8.8%) 0.79 (-1.47, 
-12.85 to 9.9)

ICU admission, n (%) 1 (1%) 0 (0) 0.50
(0.97, -0.92 to 2.86)

0 1 (2.9%) 0.33 (-2.94, 
-8.62 to 2.74)

Relevant anastomotic bleeding, 
n (%)

16 (15,5%) 7 (6,8%) 0.04
(8.74, 0.22 to 17.26)

11 (16.2%) 2 (5.9%) 0.12 (10.29, 
-1.5 to 22.09)

Time to 1st meal, median (IQR), h 6 (0) 6 (0) 0.15 6 (0) 6 (0) 0.32
1st day CRP, median (IQR) 2,25 (2,04) 3.42 (3,79) ≤ 0.001 2.27 (1.99) 3.61 (5.01) 0.012
3rd day CRP, median (IQR) 2,76 (3,83) 4,11 (6,97) 0.008 3.1 (3.45) 4.1 (6.59) 0.17
Returns to OR, n (%) 2 (1,9%) 6 (5,8%) 0.15

(-3.88, -9.13 to 1.37)
1 (1.5%) 3 (8.8%) 0.10 (-7.35, 

-17.31 to 2.6)
Return to ED 30 days, n (%) 17 (16,5%) 7 (6,9%) 0.03

(9.71, 1.05 to 8.66)
8 (11.8%) 2 (5.9%) 0.28 (5.88, 

-5.13 to 16.89)
Hospital readmission 30 days, n 
(%)

5 (5,0%) 4 (3,9%) 0.74
(0.97, -4.61 to 6.55)

3 (4.4%) 1 (2.9%) 0.59 (1.47, 
-6.02 to 8.96)

Overall mortality 30 days, n (%) 1 (1%) 0 0.50 0 0 1
Surgery-related mortality 30 days, 
n (%)

1 (1%) 0 0.50 0 0 1

Length of stay, median (IQR, 
range) days

3 (1, 1–25) 3 (1, 3–54) 0.54 3 (1, 3–25) 3 (1, 3–54) 0.40

EA: Extracorporeal anastomosis, TIA: Totally Intracorporeal anastomosis, IQR: Interquartile range, ICU: Intensive care unit, CRP: C-Reactive 
protein, OR: Operating room, ED: Emergency department
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this data [29, 30]. However, in studies that do describe it, 
no statistically significant differences are found [28, 32, 
45]. It is noteworthy that these studies exclusively encom-
pass patients treated with either laparoscopic or robotic 
approaches separately, thereby bolstering our hypothesis 
that the combined use of intracorporeal anastomosis and 
robotic approach constitutes a pivotal factor influencing 
the observed outcomes.

In relation to surgery-induced inflammation, limited 
literature explores the connection between CRP levels in 
laparoscopic and robotic approaches and their clinical rel-
evance. In our study, the TIA group exhibited higher CRP 
levels on the first and third postoperative days. Within the 
laparoscopic approach group, the PSM analysis reveals 
higher levels of CRP on the first postoperative day, with no 
differences on the 3rd day.

There is limited literature describing the differences in 
surgical stress between different approaches and types of 
anastomosis in left colectomy. In the case of right colectomy, 
the results of the RCT conducted by Milone et al. comparing 
intracorporeal anastomosis (IA) with extracorporeal anas-
tomosis (EA) show a reduced pattern of pro-inflammatory 
mediators (IL-6, CRP, TNF, and IL-1β) in patients with IA 
compared to those with EA, along with higher levels of anti-
inflammatory cytokines. The results of the RCT conducted 

observed in the number of linear stapler firings required for 
the colon resection.

Therefore, our hypothesis is that the tension exerted dur-
ing the extraction of the sigmoid colon through the Pfan-
nenstiel incision for resection and anvil placement can 
sufficiently damage the tissues, leading to a higher rate of 
postoperative bleeding at the anastomosis site compared to 
intracorporeal anastomosis, where such tension is absent. 
In addition, manipulation and exposure of the colon are 
reduced in the intracorporeal technique, minimizing tissue 
trauma and consequently, bleeding. Lastly, enhanced visu-
alization and stability of the surgical field in intracorporeal 
laparoscopy may contribute to more effective hemostasis.

Eliminating the robotic factor in the PSM equalizes the 
outcomes, suggesting that the robotic approach plays a cru-
cial role in minimizing unnecessary tissue manipulation, 
reducing anastomotic bleeding and consequently decreas-
ing the rate of consultations to the emergency department.

If we review the literature on postoperative bleed-
ing from the staple line, no differences are described 
between types of anastomosis (side-to-end or end-to-end) 
[18], nor in differences between robotic and laparoscopic 
approaches [19]. Regarding potential differences based on 
extracorporeal or intracorporeal anastomosis, most pub-
lished comparative studies do not specifically describe 

Table 6  Histopathological findings
Entire cohort Propensity score matching analysis (ratio 

2:1) Laparoscopic approach
Characteristic EA technique 

group
(n = 103)

TIA tech-
nique group
(n = 103)

p-value
(95% CI)

EA technique 
group
(n = 68)

Laparoscopic 
TIA technique 
group (n = 34)

p-value
(95% 
CI)

Pathological T Stage, n (%) 0.63 0.23
  pTis 0 2 (1,9%) 0 1 (2.9%)
  pT1 16 (15,5%) 15 (14,6%) 10 (14.7%) 4 (11.8%)
  pT2 9 (8,7%) 12 (11,7%) 6 (8.8%) 6 (17.6%)
  pT3 62 (60,2%) 59 (57,3%) 41 (60.3%) 21 (61.8%)
  PT4 16 (15,5%) 15 (14,6%) 11 (16.2%) 2 (5.9%)
Pathological N Stage, n (%) 0.09 0.30
  pN0 57 (55,3%) 69 (67,0%) 36 (52.9%) 23 (67.6%)
  pN1 30 (29,1%) 17 (16,5%) 21 (30.9%) 6 (17.6%)
  pN2 16 (15,5%) 17 (16,5%) 11 (16.2%) 5 (14.7%)
Number of retrieved lymph nodes, median (IQR) 22 (13) 18 (11) 0.01 21.5 (13) 19 (9) 0.24
N ≥ 12 92 (89,3%) 94 (91,3%) 0.63 

(-1.94, 
-10.02 to 
6.14)

60 (88.2%) 33 (97.1%) 0.13 
(-8.82, 
-18.36 
to 0.71)

Maximum tumor diameter, median (IQR), cm 3,5 (2,5) 4 (2) 0.16 3.4 (2.5) 4 (2.6) 0.38
UICC Stage, n (%) 0.33 0.31
  I 18 (17,5%) 23 (22,3%) 9 (13.2%) 7 (20.6%)
  II 32 (31,1%) 40 (38,8%) 24 (35.3%) 15 (44.1%)
  III 41 (39,8%) 32 (31,1%) 27 (39.7%) 11 (32.4%)
  IV 12 (11,7%) 8 (7,8%) 8 (11.8%) 1 (2.9%)
EA: Extracorporeal anastomosis, TIA: Totally Intracorporeal anastomosis, UICC: Union for International Cancer Control, IQR: Interquartile 
range

1 3

  225   Page 12 of 17



Langenbeck's Archives of Surgery         (2024) 409:225 

this increase did not affect recurrence, persistence, or 3- and 
5-year survival rates [22]. 

IA takes longer with the robotic approach, but the rate 
of postoperative complications is lower [11, 19, 20]. IA 
appears to be associated with longer operative time, espe-
cially in patients with a BMI greater than 30. It also shows 
a lower conversion rate to open surgery and long-term her-
nias. However, no clear differences are evident regarding 
short-term postoperative complications (e.g., anastomotic 
dehiscence and surgical site infections), time to first meal, 
hospital stay, reoperation rate, or hospital readmission, 
although there was a slight trend towards improved surgical 
morbidity [26–28]. 

In general, the results obtained in our study are similar to 
those found elsewhere in the literature. They demonstrate a 
trend towards better postoperative outcomes with the cre-
ation of IA, especially using the robotic approach.

A debated concern is the possible rise in intra-abdominal 
infections from IA, linked to colotomy within the cavity and 
potential intestinal content spillage. In our study, all patients 
had antegrade colon preparation, mitigating contamination 
risk. Existing literature does not show elevated superficial 
or deep SSIs in IA for both right and left colectomies [6, 31].

Another matter of concern is the possibility of tumor dis-
semination due to colonic opening in oncological patients. 
To date, there are no reports of local or distant spread due 
to the creation of IA. However, since few studies on left 
colectomy have been performed, longer-term assessments 
are now needed to determine possible late complications.

This study has several limitations that should be dis-
cussed. The main limitation is the study design. It has been 
designed with a sample size calculation based on non-infe-
riority criteria, so the results may demonstrate its non-inferi-
ority but not the superiority of the intracorporeal technique. 
Therefore, we can say that the results suggest better out-
comes in some variables, but we cannot assert it statistically. 
This is a prospective (but not randomized) cohort study with 
a retrospective or historical control group, a factor that might 
cause some selection bias, which we have tried to mitigate 
by performing the propensity score matching analysis. Sec-
ond, all surgeries were performed by a team of five surgeons, 
experts in both laparoscopic and robotic colorectal surgery. 
This limits its replication by non-expert teams. Third, the 
study has restrictive inclusion and exclusion criteria, which 
may affect the standardization of the technique: only cancer 
patients are included, excluding other pathologies such as 
diverticular disease or colon volvulus. The reason for this 
is to minimize the confounding effects of different patholo-
gies on the results of the study. Patients with splenic flexure 
neoplasia were excluded since they may present different 
evolutions and complications compared to other locations 
in the left-sided colon, sigma, and upper rectum, and require 

by Mari et al. showed similar findings, with lower levels of 
IL-6 and CRP in the IA group [46, 47].

For left colectomy, our results differ from those published 
by Widder et al. According to their findings, the levels of 
pro-inflammatory factors (leukocytes and CRP) are lower 
with the robotic approach [21].

These differences with the literature, with an increase in 
the inflammatory response in the TIA group, may be due 
to the longer operative time associated with the robotic 
approach. Nevertheless, this data does not correlate with an 
increase in postoperative complications or clinical impact, 
making it not clinically relevant.

In terms of oncological results, no differences are seen 
between both techniques. We only notice a higher number 
of nodes collected in the EA group (22) compared to the TIA 
group (18). However, both groups have a median greater 
than 12, with a percentage of patients having more than 12 
nodes collected without differences, it does not seem to be 
clinically relevant. From an oncological perspective, it will 
remain pending to determine whether both techniques yield 
similar long-term oncological outcomes in terms of recur-
rence and survival.

Our findings align with other studies in literature. In the 
laparoscopic approach, recent retrospectives reveal IA’s 
advantages over EA, including reduced post-op complica-
tions, faster recovery, and shorter hospital stays. However, 
IA linked to longer operation times [27, 30]. In terms of sur-
gical site infection, a multicenter propensity score-matched 
study found IA lowers the risk of both superficial and deep 
SSI [31].

IA has been associated with shortened hospital stay in 
some studies [30, 33], though others have not found sig-
nificant differences. The same applies to operating time: 
IA is associated with a longer surgical time in most com-
parative studies, though the difference is not always sig-
nificant [32]. 

Comparing laparoscopic and robotic approaches, recent 
studies show the robotic approach entails extended surgery 
time and higher costs [20–22]. However, systematic reviews 
and meta-analyses reveal lower rates of overall morbidity, 
anastomotic dehiscence, and SSIs (superficial and deep) in 
robotic surgery [19, 20].

The literature presents conflicting findings regarding the 
length of hospital stay. Some studies demonstrate a shorter 
hospital stay for robot-assisted surgery, while others indi-
cate a longer stay, and the majority do not show any signifi-
cant differences [21, 22].

In reference to oncological outcomes, our findings cor-
roborate those of previous reports as far as the approaches 
were not associated with any significant differences. Only 
one multicenter study found robotic surgery to be associ-
ated with a higher number of harvested lymph nodes, but 
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study; in the collection, analyses, or interpretation of data; in the writ-
ing of the manuscript; or in the decision to publish the results.
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