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Abstract
Background Colorectal cancer (CRC) is the third most frequent cancer diagnosed in men and the second in women.
Laparoscopic surgery has been a technical revolution in colorectal surgery, facilitating a better recovery of patients with lower
morbidity and better esthetic results, compared to traditional surgery via laparotomy, without compromising safety and long-term
oncological results.
Purpose The trial is a randomized controlled trial indented to evaluate the two interventions with thorough measurements of the
postoperative variables and complications to improve the evaluation of the surgical technique. The primary endpoint is to
compare the hospital stay, which will be measured in days between both groups. The purpose of the study at secondary endpoints
is to compare intraoperative and postoperative events between both groups in terms of operating time, anastomotic performance
time, intraoperative complications, number of harvested lymph nodes, need for blood transfusion, length of the surgical wound,
start and tolerance of oral intake, beginning of digestive functionality, postoperative pain, need for analgesic administration,
surgical wound infection, paralytic ileus, anastomosis leakage or dehiscence, need for surgical reintervention, and hospital
readmission within the first 30 days after surgery.
Methods This trial is a prospective, randomized, single-blind, and single-center clinical trial comparing intracorporeal anasto-
mosis versus extracorporeal anastomosis for right laparoscopic hemicolectomy.
Conclusions Nowadays, there are several retrospective trials comparing the benefits for extracorporeal anastomosis versus
intracorporeal anastomosis in right colon cancer patients. Considering the impact for laparoscopic surgery, we think it is
necessary to do a randomized trial comparing extracorporeal versus intracorporeal anastomosis modalities.
Trial registration www.clinicaltrials.gov No. NCT02667860 and Hospital de la Santa Creu i Sant Pau Research Institute No.
IIBSP-AIE-2015-01

Keywords Intracorporeal . Anastomosis . Right hemicolectomy . Laparoscopy

Introduction

Background

Colorectal cancer (CRC) is the third most common cancer in
men and the second most common in women, with an esti-
mated 1.4 million cases and 693,900 deaths per year [1]. In
America, 132,770 patients were diagnosed with CRC in 2015
[2]. In Spain, right colon tumors represent about 30% of cases
of CRC.

Despite advances in the field of oncology, surgical treat-
ment remains the best option for these patients, with right
hemicolectomy being the most frequently performed sur-
gical procedure.

Protocol version This manuscript presents the second version of the full
study protocol issued onMay 15, 2015.Modifications to the protocol will
be reported to all investigators, all trial participants, the local ethics
committee, and the journal.
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In recent years, one of the main fields of development has
been minimally invasive surgery, the aim of which is to cause
the least possible impact on the patient and to enhance post-
operative recovery. Laparoscopic surgery has created a tech-
nical revolution in colorectal surgery, facilitating better recov-
ery of patients with lower morbidity and better esthetic results
than those with traditional surgery via laparotomy. And most
importantly, these results do not compromise safety or long-
term oncological results [3–5].

Currently, there are three main approaches to a right
hemicolectomy. The first of these is laparoscopy-facilitated
right hemicolectomy. In this approach, colon dissection is per-
formed laparoscopically, and then, through a mini laparotomy,
the vessels are ligated, and ileocolic anastomosis is carried
out. A second approach is laparoscopic-assisted right
hemicolectomy, in which the dissection and ligation of the
vessels are performed laparoscopically, but the anastomosis
is performed extracorporeally through an abdominal incision.
And third, a total laparoscopic hemicolectomy can be per-
formed. In this approach, vessel dissection, sectioning of the
piece, and anastomosis are all performed laparoscopically, and
the piece is extracted through a Pfannenstiel incision.
Performing an intracorporeal anastomosis is a technical chal-
lenge that requires advanced laparoscopic skills and extensive
experience by the surgeon.

Ileocolic anastomosis can be performed inmultiple ways—
end-to-end, side-to-side, end-to-side, and side-to end anasto-
mosis [6]—using handsewn, stapled, or mixed methods
[7–10]. Currently, we can say that the most frequent ap-
proaches are side-to-side anastomosis (80%) and end-to-side
anastomosis (15.1%). Stapled anastomosis is performed in
70.6% and handsewn anastomosis in 29.4% [11]. In addition,
side-to-side anastomosis can be isoperistaltic or antiperistaltic,
and it is controversial as to which offers better results [12].

In recent years, several meta-analysis have compared the
laparoscopic technique with extracorporeal anastomosis (EA)
versus the technique with intracorporeal anastomosis (IA),
defining the latter technique as superior in view of its faster
postoperative recovery and shorter hospital stay with less mor-
bidity. Furthermore, as long as the technique is carried out by
expert surgeons, recovery of intestinal functionality and toler-
ance to a solid diet is faster, and there is less use of analgesia
[13–23]. In addition, there is a clear esthetic benefit when the
anastomosis is performed intracorporeally through a
Pfannenstiel incision [24–26].

Another benefit of IA over EA is less postoperative pain.
The most widely accepted explanation for this is that IA does
not involve traction of the mesenteric-portal axis while EA
does. It seems that less traction, besides mediating postopera-
tive pain, is also responsible for the appearance of paralytic
ileus. The incidence of paralytic ileus appears to be higher the
greater the manipulation. In patients undergo an IA, the assis-
tance incision is Pfannenstiel’s suprapubic incision, which is

only used for the extraction of the surgical piece.
Pfannenstiel’s incisions have a lower incidence of superficial
surgical wound infection, a lower rate of eventration, and low-
er analgesic requirements, along with esthetic results that are
superior to the incision in the right hypochondrium or in the
supraumbilical midline. Conversely, right hypochondrium in-
cisions can cause atelectasis and alterations in respiratory
function.

The literature contains many studies that confirm all the
aspects described above, but most reports are non-random-
ized, retrospective, and carried out in heterogeneous groups
of patients, which might induce patient selection bias. In eight
studies in which the most recent meta-analyses are based, the
sample size is less than 90, making it difficult to obtain statis-
tically significant results and to reach reasonable conclusions
[19, 22, 23, 27–31].

In the study by Franklin et al., the characteristics of the
patients included in the IA and EA groups are not defined,
so it is not clear whether or not the groups are comparable. In
addition, some of the patients included in this study were
patients operated on from the emergency department, which
cannot be extrapolated to patients who had elective surgery.
Furthermore, results from patients with benign pathology are
compared with those from patients with oncological patholo-
gy [32]. Another author describes a series in which the pa-
tients in the two groups differ in terms of the ASA scale and in
terms of pathology, and IAwas performed in only 23 patients
[30]. Other studies include patients with malignant diseases
and patients with benign colonic pathology, which could lead
to the creation of heterogeneous patient groups. Both the sur-
gical strategy and the extension of the resection will be differ-
ent if it is an oncological resection or a resection for a benign
pathology. In addition, the age at presentation of a malignant
pathology differs from that of a benign pathology, as do the
possible post-surgical complications [20, 21, 23, 29, 31, 33].

Other points to be considered are that many studies are
heterogeneous regarding the anastomosis approach per-
formed. One author, for example, does not refer to the type
of anastomosis [34], and other authors applied both stapled
and manual procedures for extracorporeal anastomosis [23,
30, 32]. Furthermore, several studies changed their approach
from IA to EA halfway through the inclusion period, using EA
as the historic control group [20–23, 28]. And in various arti-
cles, the definition of post-surgical complications differs, or
the period of time (30, 60, or 90 days) is not stated. Besides,
only 25% of the authors use the Clavien-Dindo classification
to determine morbidity [18].

The six meta-analysis published concluded that all data
were collected from non-randomized retrospective studies,
with significant heterogeneity in the studies. This leads to
the conclusion that there is no evidence for one procedure
being superior to the other and shows that prospective ran-
domized studies are necessary.
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All the above prompted us to perform a prospective random-
ized study to compare the two surgical techniques and to define
the possible benefits of IA versus EA in a group of patients un-
dergoing elective right hemicolectomy for oncological pathology.

Objective

This randomized controlled trial intends to measure postoperative
variables and complications after IA and EA in order to evaluate
the surgical technique. The study design allows objective assess-
ment of the potential benefits and risks of IA compared to EA.

Trial design

The trial is a prospective, randomized, single-blind, and single-
center clinical trial comparing intracorporeal anastomosis versus
extracorporeal anastomosis for right laparoscopic
hemicolectomy. Patients who met the criteria for inclusion in
the study are randomized immediately before intraoperative
anastomosis bymeans of randomization envelopes. The patients
do not know which surgical technique they are going to receive.

Methods and design

Study population and eligibility criteria

All patients aged ≥ 18 years old referred for oncological pa-
thology located in the right colon and requiring a right
hemicolectomy assisted by laparoscopy with an R-0 purpose
are considered for inclusion.

Trial location

The trial will be conducted at a single-center with expertise in
laparoscopic colorectal surgery, Hospital de la Santa Creu I
Sant Pau, Universidad Autonoma, Barcelona, Spain.

Inclusion criteria

& Patients admitted for elective right hemicolectomy due to
right-sided colon cancer

& Cancer-free resection expected
& Age between 18 and 99 years informed consent
& ASA score of I, II, or III
& Tumor located in cecum, ascending or hepatic-angle colon
& Single surgical procedure

Exclusion criteria

& Inability to consent
& Locally advanced tumor or metastatic disease

& Patients with benign colon disease and patients with intes-
tinal bowel disease (Crohn’s disease or ulcerative colitis)

& Emergency surgery
& ASA score of IV
& Need for more than one surgical procedure
& Tumor located in transverse, splenic-flexure, descending

or sigmoid colon
& Open surgery

Interventions

With the patient placed supine in neutral position, the
surgeon and both assistants stand on the left, and the lap-
aroscopy tower is situated on the right. The first trocar is
positioned in the left flank using an optiview trocar, and
exploratory laparoscopy is performed. The presence of
carcinomatosis or hepatic lesions not visualized in CT
before surgery is assessed, and the resectability of the
lesion is determined. One trocar is then placed at the right
iliac fossae, and another is placed at the hypogastrium to
act as working ports. A fourth trocar is positioned in left
flank for assistance. The dissection starts with identifica-
tion, dissection, ligation with hemostatic clips, and section
of the ileocolic vessels. The colon is mobilized systemat-
ically from medial-to-lateral with retroperitoneal dissec-
tion, identifying the duodenum and pancreas. The right
branch of the middle colic artery is identified and ligated
with hemostatic clips. Mobilization of distal ileum and
right colon is then started, with the dissection of Told’s
fascia until free mobilization of colon liver flexure is
achieved.

The envelope is then opened. If IA is designated, the
ileum and the transverse colon are transected using an
Endo-GIA stapler, and the piece is placed over the liver.
A side-to-side isoperistaltic or antiperistaltic anastomosis
is created with the 60 mm endostapler, and the enterotomy
is closed with continuous suture with 2–0 prolene. The
specimen is extracted through a Pfannenstiel incision,
which is protected with an Alexis device. A Blake surgical
drainage is placed.

If EA is designated, a Kocher or middle-line incision is
made, protected with an Alexis device. The ileum and colon
are extracted, the dissection of the mesocolon is continued, the
transection of ileum and colon is performed with a 60 mm
GIA stapler, and the specimen is extracted. A side-to-side
isoperistaltic or antiperistaltic anastomosis is created with a
60 mmGIA stapler, anastomosis with 3–0 vicryl is reinforced,
and the transverse section of the ileum and the colon’s
enterotomy is performed with a 90 mm TA proximate stapler.
A Blake surgical drainage is placed if the surgeon deems this
necessary.
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Preoperative and perioperative management

All patients are diagnosed with right colon cancer through
colonoscopy and biopsy of the lesion. Abdominal CT scan
and routine blood test will be performed systematically.
Patients will not undergo a mechanical colon preparation.
They can drink hydrocarbonated beverages up to 2 h before
surgery.

The surgery is performed under general anesthesia with
endotracheal intubation, bladder catheterization, nasogastric
tube, antithrombotic measures, and systematic antibiotic pro-
phylaxis with ceftriaxone and metronidazole. Doses will be
repeated if the surgery is prolonged more than 3 h, if the blood
loss is greater than 1500 ml, or if the patient is obese. Special
care will be taken regarding normothermia and control of
glycaemia. A regimen of fluids and electrolytes will be
established to maintain normovolemia.

All patients are managed using an enhanced recovery after
surgery (ERAS) protocol following ERAS guidelines, as sug-
gested by Gustafsson et al. [35]. Liquid tolerance will be
started 6 h after surgery along with early mobilization. The
same analgesic regimen will be administered in all patients.

Discharge criteria

& Tolerance of oral intake
& Absence of uncontrolled post-surgical complications re-

quiring immediate medical or surgical treatment

Abandonment causes

& Express will of the patient
& Protocol violation
& Withdrawal of informed consent
& Loss of follow-up
& Medical decision

Outcome parameters

Primary endpoint

The primary endpoint is to compare the hospital stay, which
will be measured in days, between the two groups. The first
day of hospital stay is considered the first postoperative day,
beginning at 8:00 am. The last day of hospital stay is consid-
ered the day of medical discharge at 8:00 am.

Secondary endpoints

Secondary endpoints are as follows. We will compare in-
traoperative and postoperative events between the two
groups in terms of operating time, anastomotic perfor-
mance time, intraoperative complications (hollow organ

perforation, solid organ lesion, bleeding), number of har-
vested lymph nodes, need for blood transfusion, length of
the surgical wound, start and tolerance of oral intake, be-
ginning of digestive functionality (the day the patient first
passes stools), postoperative pain registry according to the
analog visual scale, for analgesic administration needs,
surgical wound infection, paralytic ileus, anastomosis leak-
age or dehiscence, need for surgical reintervention, hospi-
tal readmission within the first 30 days after surgery, and
number and cause of death. All complications will be eval-
uated according to Clavien-Dindo classification.

Sample size

Depending on the series, the incidence of postoperative com-
plications after right hemicolectomy is highly variable. Some
authors divide postoperative complications into minor com-
plications (AI 7.4% vs EA 16.3%) and major complications
(IA 2.4% vs EA 9.8%) [32], while others describe complica-
tions as early or late [23], and still others divide them into
gastrointestinal and others [30].

Scatizzi distinguishes complications as surgical site versus
non-surgical site complications: 2.5% in the IA group vs 5%
in the EA group [27]. Fabozzi et al. divided complications into
intraoperative and postoperative. There were 0% complication
reported in the AI group, while a 30% overall complication
rate was reported in the EA group [34].

The most recent meta-analysis to date reports an incidence
of postoperative complications of 25% for the IA group vs −
34% for the EA group [18]. In addition, only 25% of the
articles described postoperative complications with the
Clavien-Dindo classification. In view of the great variability
of data on the incidence of morbidity, together with the clear
definition of complications and the non-use of the classifica-
tion of Clavien-Dindo, we decided we could not use the mor-
bidity data as a variable to calculate sample size.

The incidence of anastomotic leakage is very low both for
IA (0–2.3%) and for EA (0–3.01%) [19–23, 27–29, 31, 33,
34]. In the same way, the definition of anastomotic leak varies
according to the different authors. Therefore, we did not think
it would be convenient to use either the morbidity or the anas-
tomotic leak to calculate the sample size.

As the main variable for the calculation of the sample
size, we chose a numerical and objective variable such as
the hospital stay, instead of a subjective variable, making a
calculation based on the hospital stay of articles prior to
2015. The average length of hospital stay with standard
deviation in the IA group versus the stay in the EA group
was 4 ± 6 vs 4 ± 7 days in the study of Hellan et al. [30];
5.3 ± 1.6 vs 7.6 ± 1.2 days in Fabozzi et al. [34]; 5 ± 1 vs 5
± 1 days in Sacatizi et al. [27]; 8 ± 6 vs 9 ± 5.7 days in
Chavez et al. [23]; 6.2 ± 1.1 vs 7.2 ± 1.3 days in Roscio
et al. [28]; 6.6 ± 6.3 vs 5.8 ± 5.7 days in Lee et al. [31];
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6.3 ± 3.2 vs 6 ± 1.8 days in Magistro et al. [29]; and 7.4 ±
3.2 vs 8. 5 ± 9 days in Anamia et al. [22].

The number of patients to be included in this trial will be
140. This number will be divided equally for each arm of the
study. This size was determined for the primary endpoint:
days of hospital stay, assuming that the variability will be
approximately 3 days (standard deviation). This value would
give a coefficient of variation between 50 and 100%, accord-
ing to consulted articles. It has also been estimated that the
difference between the two arms of the study will be a mini-
mum of 1.5 days. A possible number of losses that may not
exceed 10% have also been considered.

Additionally, to replicate these calculations, the value for
type I error must be specified by 5% (alpha = 0.05), bilateral
approximation, and a minimum power of 80% (probability of
type II error = 0.20).

Recruitment and trial timeline

Patients from 18 to 90 years of age presenting with diagnosis
of right colon cancer are studied for eligibility criteria by sur-
gical consultants. The trial is explained, and informed consent
must be signed before they can be included in the study. Once
the screening and conditions for eligibility criteria are com-
plete, they can be enrolled in the trial. If consultants note any
reason for exclusion criteria, this will be recorded anonymous-
ly and presented at the end of the report. The trial will have
140 patients. They will be divided into two equal groups, and
it is expected that the trial will be completed within 3 years.
The trial will be finished within 30 days after the last surgical
procedure.

Randomization, allocation concealment, and blinding

Randomization will be performed using an opaque, sealed
envelope, and the patient will not know the surgical technique
performed. The randomization list will be generated by the
Methodology and Statistical Support Unit at the Institut de
Recerca of Santa Creu i Sant Pau Hospital. The randomiza-
tion envelopes are to be generated following the corre-
sponding normalized work procedures and documenting
their opening in each case. The randomization program
has been explicitly designed for this project, in syntax with
the SPSS package and by a researcher outside the clinical
team of surgery. Once the randomization list has been
made, individualized envelopes will be prepared to allow
the patient to be assigned to their group.

The envelope will be opened in the operating room at
the beginning of the surgical intervention, once the resect-
ability of the lesion is verified as being oncologically rad-
ical and feasible.

Patients will be included in the study consecutively from
the inclusion of the first eligible patient according to the

selection criteria. When a patient is included in the study, the
researcher will assign a patient code, which must be consecu-
tive to the previous code assigned and take the date and time
when the surgery is planned as a reference.

External validity

All patients with right colon cancer who are scheduled for an
elective laparoscopic right hemicolectomy and who are not
included or randomized in any other study will be registered.
The registry will include information regarding date, gender,
age, ASA classification, and type of surgery. In the case of any
reason for non-inclusion or exclusion from the study, this will
be recorded in the registry.

Data management

An operative case report form (CRF) including reasons for
surgery and patient data, together with measurements from
the surgical procedure, will be filled out by one of the inves-
tigators. For the hospitalization period, another surgeon will
control the first postoperative days, and for each follow-up
visit, another investigator will complete a CRF. This will be
a single-blind study because patients will not know of the type
of anastomosis they have. Participant names and collected
data are subject to medical confidentiality. In the case of with-
drawal, collected data will be erased. A logistic database with
patient’s complete ID will be used and kept within a separate
system from the result database with all study information.
Data will be entered into the CRF as soon as possible after
data retrieval. At the end of the trial, the original CRFs and
final database will be archived by the principal investigator,
who is responsible for providing data to trial investigators.

Statistical analysis

Initially, a comparative analysis will be carried out between
the two groups to evaluate whether they are comparable with
each other. The categorical variables will be described by the
number of cases and their percentage for each group, while
inference will be described with contingency tables and the
corresponding chi-square test. The quantitative variables will
be described by averaging their standard deviation and the
inference comparison with the t test of independent data.

A multivariate approach will also be used for the primary
endpoint, including those variables that are clinically relevant
and those where a bivariate approach has shown a tendency;
this model will be a multiple linear regression model. In all
cases, the level of significance will be the usual 5% (alpha =
0.05). The analyses will be carried out using the statistical
package SPSS.
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Auditing

Both the investigator and the auditor will allow direct access
to the data or CRFs to perform the monitoring, the audit, the
review by the research institute, and inspection of the trial by
the health authorities if required.

Safety and reporting of serious adverse events

Serious adverse events (SAEs), defined according to the
guidelines for good clinical practice by the International
Conference on Harmonization of Technical Requirements
for Registration of Pharmaceuticals for Human Use (ICH-
GCP), will be reported from the day of first enrolment until
the end of the trial.

Dissemination policy

The results obtained from the clinical research will be
reviewed and discussed by the research team and the research
institute for later publication, either in the form of a confer-
ence, communication in congresses, or publication.

Discussion

The advent of laparoscopic surgery has been a technical
breakthrough in colorectal surgery, facilitating faster recovery
for patients, lowering morbidity, and improving esthetic re-
sults when compared to traditional open surgery. In recent
years, minimally invasive surgery has become a major focus
of development, with the aim of causing the least possible
impact on the patient and allowing the earliest possible
recovery.

Findings from several studies performing intracorporeal
anastomosis in patients with right colon cancer indicate that
this approach is superior to extracorporeal anastomosis in
terms of intestinal recovery, surgical wound size, surgical
wound infection, eventration, esthetic results, analgesic re-
quirements, hospital stay, and morbidity. All these important
factors could enhance postoperative recovery and decrease the
impact on the patients’ quality of life.

However, most of the studies to date are retrospective, non-
randomized trials. We thus propose a prospective randomized
trial in order to demonstrate the superiority of IA over EA.

Trial status

The trial is currently ongoing at Hospital de la Santa Creu i
Sant Pau in Barcelona, Spain, and it is planned that is
should be completed within 3 years, depending on the vol-
ume of patients.

Compliance with ethical standards

The study will rigorously follow the international ethical recommenda-
tions for research and clinical trials in humans. Likewise, the standards
contained in the Declaration of Helsinki will be guaranteed and will be
developed in accordance with the protocol and standardized work
procedures.

The ethical approval of this study has been obtained from the ethics
committee at Hospital de la Santa Creu i Sant Pau and the research
institute.
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