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desire information about the management of the conditions
addressed by the topics covered in this paper.

In the development of clinical guidelines for the treat-
ment of colon cancer with a minimally invasive technique,
we referred to the EAES Consensus Conference held in
Lisbon in 2002 [1]. We searched PubMed and Medline
from 1990 to 2006 using the keywords “laparoscopy” and
“colorectal neoplasms”; embedded references also were
reviewed. Surgical techniques are difficult to evaluate sci-
entifically, so the level of evidence of articles on this topic
is, regrettably, low.

Preoperative staging and patient selection

Patients who are candidates for laparoscopic resection of
colon cancer undergo diagnostic exams to identify the seg-
ment of colon involved by the neoplasm and its local
spread (TN stage). Although colonoscopy has the best sen-
sitivity and specificity in localizing mucosal neoplasms of
colon and rectum, an error rate up to 14% has been report-
ed, especially for right-sided lesions [2]. Computed
tomography (CT) is not routinely performed in the preop-
erative staging of colon cancer [3], but it is mandatory if
laparoscopy has to be performed. The surgeon needs to
exactly know tumor location, abdominal anatomy, pres-
ence of synchronous lesions, and locoregional and
metastatic stages. A T4 tumor with infiltration of sur-
rounding structures is a contraindication for laparoscopic
resection because bulky masses and neoplastic adhesions
are responsable for ~40% of conversions. In patients
unable to undergo complete colonoscopy because of endo-
scopic stenosis or because they can not tolerate it, the neo-
plasm can be localized with double contrast barium enema
or CT colonography. Most experts recommend an ‘open’
approach for transverse and splenic flexure cancer, espe-
cially because of tight adhesions to the omentum [1].
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Introduction

The present guidelines are recommendations of clinical
behaviour from a multidisciplinary work group. They are
based on the recent scientific literature, and aim to help
doctors manage clinical disorders and diseases of colon
and rectum. Clinical practice guidelines are not prescrip-
tive, and their purpose is to provide information on which
decisions can be made, rather than dictate a specific form
of treatment. These guidelines are intended for the use of
all practitioners, health care workers, and patients who
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Splenic flexure resections for cancer are only performed in
highly specialized centers [4]. 

Preoperative imaging in patients with colonic cancer is
recommended if laparoscopy has to be performed to local-
ize the cancer and evaluate its local spread (TN stage).
Conventional laparotomic approach should be performed
for cancers of the transverse colon and splenic flexure,
because the laparoscopic approach is demanding and not
recommended by most experts. Level of evidence, 5; Grade
of recommendation, D.

Contraindications

Advanced age

Laparoscopic surgery in elderly patients (>70 years) is not
contraindicated, even though operative time, period in
intensive care unit, and postoperative stay in hospital are
longer than in patients under 70 years [5, 6]. 

Advanced age is not a contraindication for laparo-
scopic colonic resection. Level of evidence, 2b.

Risk of anesthesia and pneumoperitoneum

Reduced circulatory and pulmonary functions are not con-
traindications for laparoscopic colorectal surgery, but
accurate blood pressure and arterial gas tension (pO2 and
pCO2) monitoring are recommended, especially for ASA
III and IV patients [7]. 

Invasive monitoring of blood pressure and arterial
gases is mandatory in ASA III-IV patients. Grade of rec-
ommendation, B. Low pressure pneumoperitoneum can be
used in high-risk patients (ASA III-IV). Grade of recom-
mendation, B.

Obesity

Obesity is not a contraindication to a minimally invasive
approach for colorectal cancer. It does reduce the technical
feasibility of laparoscopy, because anatomical planes are
less clear, increasing dissection difficulty and operative
times. In addiction, Pandya et al. [8] and Pikarsky et al. [9]
reported higher conversion rates in patients with body
mass index (BMI) greater than 29–30 kg/m2, due to
increased technical problems. 

Obesity is not an absolute contraindication for laparo-
scopic colectomy but complications and conversion rates
are higher in patients with a BMI greater than 30 kg/m2.
Level of evidence, 2c.

T-stage

Complete locoregional clearance is the goal of colon can-
cer surgery. Locally advanced colon cancer is considered
an absolute contraindication by most experts, especially
because tumour manipulation and en bloc resection of
adjacent infiltrated organs or abdominal wall are techni-
cally demanding [1]. 

In patients with T4 colon cancer, laparotomic resection of
the tumour with a potentially curative intent should be per-
formed. Level of evidence, 5. Grade of recommendation, D.

Non-neoplastic adhesions

Adhesions account for about 17% of conversions, but a
history of abdominal surgery is not related to an increased
conversion rate of laparoscopic colorectal procedures [8,
10]. In case of extensive intra-abdominal adhesions, how-
ever, surgeon’s experience and operative technique are two
relevant factors.

Adhesions due to prior abdominal surgery are not a
contraindication for colon laparoscopic surgery. Level of
evidence, 4.

Laparoscopic operative technique

Mechanical bowel preparation

Data supporting the benefits of bowel preparation on anas-
tomotic leakage, sepsis and mortality rate are lacking.
Several randomized prospective studies on small series of
patients did not show any difference in terms of postopera-
tive infection, anastomotic leakage and mortality rate
[11–15]. Most surgeons, however, find a well prepared
bowel easier to handle, especially when laparoscopic instru-
ments have to be used. Bowel preparation can be safely per-
formed on out-patients, but caution should be used in case
of coexisting cardiac and pulmonary pathologies.

Mechanical bowel preparation is a widely used proce-
dure and can safely be performed in the out-patient set-
ting or at home. Level of evidence, 2a. Grade of recom-
mendation, B.

Operative technique and instrumentation

A 3-chip camera offers better resolution. The laparoscope
can be angled at 30° or 0°, depending on the surgeon’s
preference. Laparoscopic instruments, trocar position and
extraction site vary among authors.
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High-quality imaging systems and technologically
advanced instruments are recommended for laparoscopic
colon resection. Trocar position is based on surgeon’s
preference and experience. Level of evidence, 5.

Port-site metastases

With the increase of surgical experience, the initial inci-
dence of port site metastases of 21% has dropped to
0.5%–1% [16]. Surgical experience appears to be the main
factor for the occurrence of port-site metastases.
Abdominal wall covering with specific wound protectors
and the use of plastic bags before specimen extraction are
recommended. Slow deflation of CO2-peritoneum before
port removal is advocated by some experts. The value of
the no-touch technique for colon cancer surgery is still
controversial. An improvement in the 5-year survival was
reported by Turnbull et al. in a retrospective analysis [17]
but subsequently, in the only prospective randomized trial
evaluating 236 patients, Wiggers et al. [18] demonstrated
that the no-touch technique did not affect survival: the
absolute 5-year survival rates were 56.3% and 59.8% in
the conventional and no-touch surgical groups, respective-
ly. In the conventional group, more patients had liver
metastases and the time to metastasis was shorter, but dif-
ferences in survival were not statistically significant.

Correct surgical technique and experience reduce the
risk of port-site metastases. Level of evidence, 3a.

Intraoperative tumour localization

Laparoscopy does not permit tactile sensation, so every
effort to exactly mark the segment of involved colon must
be performed. This is particularly true for small tumours
not involving the serosa, and for hepatic and splenic flex-
ure tumours. Many endoscopic techniques are available to
preoperatively mark a tumor: clip placement [19, 20], ink
tattooing [21, 22], intraoperative colonoscopy and intraop-
erative ultrasonography. Colonoscopic tattooing of the
lesion with India ink or methylene blue is an effective
technique, with high success rate (78.6%–98%) and
acceptable morbidity rate (0.22%–8%) [22, 23]. Intra-
operative endoscopy is not widely accepted in laparoscop-
ic colonic surgery, because of subsequent small bowel dis-
tension [24]. In expert hands, intraoperative laparoscopic
ultrasonography localize a mass that is not identifiable at
laparoscopy. Recently, some authors have shown that CT
colonography can better define the segment of involved
colon, especially in case of stenotic tumours [25].

Intraoperative tumour localization is mandatory.
Endoscopic preoperative tattooing is the procedure of

choice. Alternative techniques are clip placement, intraop-
erative colonoscopy or laparoscopic colonic ultrasound.
Level of evidence, 3a. Grade of recommendation, B.

Laparoscopic surgical technique

Three different approaches are used in laparoscopic col-
orectal surgery: total laparoscopy, laparoscopy-assisted
and hand-assisted. The choice of the technique is up to the
surgeon, even if the laparoscopy-assisted one is the most
used: a minilaparotomy is needed to remove the specimen
and, in most of cases, to perform part of the operation.
Dissection of Toldt fascia is performed from the medial to
the lateral sides by most, as is early ligation of vascular
pedicles [6, 26]. In the hand-assisted technique, meso-
colon dissection can be easily performed as in open
surgery. The bowel can be resected inside or outside the
peritoneal cavity, depending on the surgeon’s preference
and the type of operation.

Laparoscopic dissection of mesocolon is performed
from medial to lateral direction by most. Level of evidence,
3a. Grade of recommendation, B.

Conversion to laparotomy

The mean conversion rate in laparoscopic surgery is
~14%, ranging between 0% and 42% [27, 28]. The most
common causes for conversion are: bulky tumours (T3-
T4) with infiltration of the abdominal wall or other
abdominal structures; tight adhesions; abnormal anato-
my; technical problems; intraoperative complications;
and surgeon’s experience [29]. The conversion rate is
strictly related to the learning curve: after 30 laparoscop-
ic colonic procedures, the number of converted proce-
dures significantly decreases [30–32]. The Cleveland
Clinic Foundation’s colorectal laparoscopic conversion
rate can now be used to preoperatively evaluate the risk
of conversion. Following this model, patients with
BMI>50 kg/m2, tumours with a diameter >15 cm, and
patients with multiple laparotomies for major operations
are excluded from the laparoscopic approach.
Independent factors related to conversions (ASA grade,
BMI, type of operation, pathology, presence of an abscess
or fistula, surgeon’s experience) have been identified and
incorporated into a score that allows predicting the con-
version rate, ranging from 0.2% to 88.1% [33].

The mean conversion rate in laparoscopic surgery is
~14% (range, 0%–42%). Laparotomic approach or early
conversion are recommended in case of bulky tumours
(T3-T4) with infiltration of abdominal wall or other
abdominal structures, tight adhesions, abnormal anatomy,
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technical problems and intraoperative complications.
Level of evidence, 3a. Grade of recommendation, B.

Duration of surgery

Laparoscopic colonic resection of cancer takes longer than
open colectomy. Operating times range between 140 and 251
minutes for laparoscopic approach compared to 120–175
minutes for laparotomic procedures [27, 32, 34–37]. In a
multicenter randomized controlled trial, colonic resections
required a mean operative time of 150 min for laparoscopic
procedures and 95 min for open colectomies [16]. Operative
times decrease with the surgeon’s experience.

Operative time in laparoscopic colonic surgery is
longer than in open surgery. Level of evidence, 2a.

Lymphadenectomy and extent of intestinal resection

At least 15 en bloc resected lymphnodes are required to
achieve a radical operation. Laparoscopic approach is sim-
ilar to open resection in terms of length of bowel resected
and number of harvested lymphnodes [16, 34, 38].

The extent of colorectal resection and the number of
harvested lymphnodes are similar between open and
laparoscopic approaches. Level of evidence, 2b.

Short term results after laparoscopic colonic surgery for
cancer

Morbidity and mortality rates

Morbidity and mortality rates are similar for laparoscopic
and laparotomic colonic surgeries. Morbidity ranges
between 8% and 15% [39], while mortality rates are
1%–2% [6, 40, 41]. Some randomized controlled trials
reported lower complication rates for patients over 70
years at age. The learning curve needs at least 20 proce-
dures to reduce and stabilize the complication rate [29, 31,
42]. Specific complications of laparoscopic surgery are
vascular injuries, incisional hernias, ureteral damage,
wound infections, and cardiopulmonary dysfunctions.
Mortality rate (within 30 days of surgery) was similar in
several randomized controlled trials [5, 38, 43–45].
According to the Clinical Outcomes of Surgical Therapy
(COST) study [16], mortality rates for both laparoscopic
and laparotomic groups were 1%, p<0.40).

Mortality and morbidity rates are similar after laparo-
scopic and laparotomic surgeries for colon cancer. Level
of evidence, 2b.

Hospital stay

Several studies reported a significantly shorter hospital
stay after laparoscopic surgery for colon cancer [40,
46–49]. The largest multicenter randomized controlled
study (COST trial) reported a mean stay of 5 days after the
mini-invasive approach compared to 6 days after laparo-
tomic operation [16]. The applications of fast-track proto-
cols (e.g. locoregional anaesthesia, postoperative pain
control, early postoperative mobilization and resumption
of food intake) can reduce the hospital stay after laparoto-
my by up to 3 days [50]. At the moment, similar studies
after laparoscopic surgery are lacking.

The length of hospital stay is significantly shorter after
laparoscopic surgery for colon cancer than after open
aproach. Fast-track protocols reduce the length of stay
after open surgery; similar studies for laparoscopy are
needed. Level of evidence, 1a.

Postoperative pain

Quality of life, hospital stay and return to work are strict-
ly connected to postoperative pain. Several studies docu-
mented a significantly lower postoperative pain and use of
analgesics after laparoscopic surgery [16, 46, 48, 51, 52].

Postoperative pain is significantly lower after laparo-
scopic surgery than after laparotomy for colon cancer.
Level of evidence, 2a. The use of analgesics is significant-
ly lower after laparoscopic surgery than after open colec-
tomy for colon cancer. Level of evidence, 1b.

Gastrointestinal function

Bowel movements at auscultation, first passage of air or
stool and first oral feeding are usually considered as para-
meters for resumed gastrointestinal function. Several ran-
domized controlled trials showed a statistically significant
advantage in terms of first passage of air and feces,
resumption of bowel movements at auscultation, and time
to postoperative oral intake of food after laparoscopic
surgery compared to laparotomy [32, 53].

During the postoperative period, gastrointestinal function
recovers earlier after laparoscopic surgery than after laparo-
tomic procedures for colon cancer. Level of evidence, 2b.

Postoperative pulmonary function

Functional pulmonary parameters (FVC, FEV, PEF,
SatO2) in the postoperative period after laparoscopic
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cholecystectomy are less impaired than after laparotomic
procedures. Similar significant results were found in sev-
eral randomized clinical trials for colonic laparoscopic
resections [48, 54–56].

Postoperative pulmonary function after laparoscopic
surgery for colon cancer is less impaired than after open
surgery. Level of evidence, 1b.

Postoperative response to stress after laparoscopy for
colon cancer

The immune system is less impaired after laparoscopic
surgery, probably because of the lower surgical trauma.
Cortisol blood levels after laparotomic surgery are as high
as after major trauma [52], as are the levels of cytokines
and inflammation proteins [57, 58]. Some studies reported
reduced blood levels of cortisol, C-reactive protein and
pro-inflammatory cytokines after laparoscopic surgery for
colon cancer, producing positive effects on the systemic
immune response [59–64].

Stress response after laparoscopic colonic resection for
cancer is lower than after laparotomic operations. Level of
evidence, 1b.

Long term results after laparoscopic colonic surgery for
cancer

Overall and disease-free survival rates

From the beginning, data on survival after laparoscopic
colonic resections for cancer were not significantly differ-
ent from those for laparotomic procedures. Retrospective
analysis showed similar results as well in terms of both
overall and disease-free survival rates [65–67]. In the
COST randomized multicenter trial, 872 patients were fol-

lowed for a mean of 4.4 years after laparoscopic and
laparotomic operations for colon cancer. There were no
significant differences between groups in terms of cumu-
lative incidence, time to recurrence, overall survival and
disease-free survival, at each stage of disease [16].
Preliminary results on 3-year disease-free survival rates
from COLOR and CLASSICC trials showed similar pat-
terns [68, 69]. A combined analysis of the three studies has
to be performed to obtain an adequate statistical evaluation
of the hazard ratio with more than 1000 cases [70].

At moment, there is no difference in terms of survival
between laparotomic and laparoscopic procedures. The
final results of the first multicenter randomized controlled
trial (COST) supported these observation with high statisti-
cal power. Meta-analyses including other randomized con-
trolled trials need to be performed. Level of evidence, 1b.

Laparoscopic colorectal surgery for rectal cancer

Laparoscopic extraperitoneal rectal resection with total
mesorectal excision (TME) is technically feasible,
although it is a demanding procedure. Few studies have
evaluated the oncological results after laparoscopic TME.
A single-center randomized trial compared open surgery
with mini-invasive approach and reported similar 5-year
survival rates (72.9% vs. 76.1%) and probabilities of 5-
year disease-free survival (78.3% vs. 75.3%); histopatho-
logical data, morbidity and mortality rates were equal as
well [71]. The bias of this study was the inclusion of rec-
tosigmoid and high rectal cancers. The first prospective
study on 100 patients with middle and low rectal tumors
was published recently [72], showing again the feasibility
of laparoscopic TME with a 12% of conversion rate. The
mean follow-up of this series was 45.7 months (range,
12–72); pelvic recurrence rate was 4.2%. In another series
of 102 patients who underwent laparoscopic rectal resec-
tion with TME, the conversion rate was 3% and the local
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Table 1 Criteria for evidence-based medicine (From [75])

Grade of recommendation Level of evidence Possible study designs for the evaluation of therapeutic interventions

A 1a Systematic review (with homogeneity) of RCTs
1b Individual RCT (with narrow confidence interval)
1c All or none case series

B 2a Systematic review (with homogeneity) of cohort studies
2b Individual cohort studies (including low-quality RCTs)
2c “Outcomes” research
3a Systematic review (with homogeneity) of case-control studies
3b Individual case-control study

C 4 Case series (and poor-quality cohort and case-control studies)

D 5 Expert opinion without explicit critical appraisal, or based on physiology, 
bench research or “first principles”, animal studies



recurrence rate was 6%, at a mean follow-up of 36 months
(range, 6–96) [75]. The adequacy of laparoscopic
approach has also been shown in a series of 95 patients
with advanced rectal cancer, where the conversion rate
was 7.2% and the local recurrence rate was 5.3%, at a
mean follow-up of 48.2 months (range, 4–84) [76].

Rectal laparoscopic resection is technically feasible
but requires particular surgical experience. At the
moment, no definitive studies have reported oncological
results at least equal to those of open surgery. Level of evi-
dence, 2. Grade of recommendation, B.
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