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A comparative clinical study of short-term
results of laparoscopic surgery for rectal
cancer during the learning curve

Abstract Objectives: The aim of
this study was to assess the results of
laparoscopic surgery for rectal carci-
noma (LSRC) during the learning
curve throughout the introduction of
this technique at our medical center.
Materials and methods: From
January 2003 to April 2004, 40 pa-
tients undergoing surgery were as-
signed to laparoscopic surgery group
(LSG) (n=20) or conventional surgery
group (CSG) (n=20). Data were pro-
spectively collected to statistically
analyze clinical, anatomopathological,
and economic variables. Results:
Groups were comparable in age, sex,
body mass index, American Society of
Anesthesiologists score, surgical
technique performed, tumor size and
distance, Dukes’ stage, and proportion
of patients with previous abdominal
surgery and radiotherapy. There was
no difference in operative time. LSG
blood loss was lower (p<.0001). LSG
peristalsis and oral intake began

earlier (p<.0001). LSG hospital stay
was shorter (p<.0001). Intraoperative
complications (10% LSG vs 15%
CSG) and overall morbidity (35%
LSG vs 45% CSG) were no different.
LSG did not record any anastomotic
leakages. Two patients (10%) were
converted to open surgery. Regarding
oncologic adequacy of resection,
specimen length and number of nodes
harvested were no different. LSG
distal and radial resection margins
were greater (p<.0001; p=.03). LSG
operative costs were greater
(p<.0001). However, CSG hospital-
ization costs were higher (p<.001).
There was no overall difference
(p=0.1). Conclusions: LSRC has
been a reliable and efficient technique
during the learning curve at
our hospital.
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Introduction

Preoperative radiotherapy and meticulous surgical tech-
niques have been proved to be key tools in reducing local
recurrence of rectal cancer [1, 2].

After some years of controversy, experimental research
on one hand and survival and long-term recurrence rates
at health centers of excellence on the other have vali-
dated laparoscopy in the treatment of colorectal cancer
[3–5].

Surgical technique for rectal cancer must include the fol-
lowing principles, independent of the chosen approach: en

bloc resection of tumor and lymphatic tissue, no-touch
technique, and total mesorectal excision for middle and
lower third lesions.

The recent introduction of endoscopic techniques for
curative treatment of rectal carcinoma has not yet allowed
results during the learning curve and in real working con-
ditions to be validated.

To assess reliability and efficiency of laparoscopy in the
curative treatment of rectal carcinoma during the learning
stage, at our university hospital, we compared short-term
results of laparoscopic surgery for rectal cancer (LSRC)
with those obtained by conventional surgery.

I. Arteaga González (*) .
H. Díaz Luis . A. Martín Malagón .
E. M. López-Tomassetti Fernández .
Á. Carrillo Pallares
Department of Gastrointestinal Surgery,
Hospital Universitario de
Canarias (HUC),
Ofra, s/n. La Cuesta, 38320 La Laguna,
Santa Cruz de Tenerife,
Canary Islands, Spain
e-mail: ivanhuc@hispavista.com
Tel.: +34-922-678700
Fax: +34-922-653808

J. Arranz Duran
Department of Anesthesiology,
Hospital Nuestra Señora
de la Candelaria,
Santa Cruz de Tenerife,
Canary Islands, Spain



Materials and methods

Between January 2003 and April 2004, 44 patients (24
women and 20 men) with rectal cancer were evaluated for
study inclusion.

Patients were randomly assigned to the laparoscopic sur-
gery group (LSG) or conventional surgery group (CSG) by
the Outpatient Services Department at our medical center.

Laparoscopic surgery (LS) was performed by a team
established in November 2002 to implement laparoscopic
colorectal cancer surgery in our department. This team com-
prised three surgeons, two of whom were experienced in
advanced laparoscopic surgery and open colorectal sur-
gery, and the third was specifically trained at health centers
of excellence for laparoscopic colorectal surgery (Hospital
Clínico de Barcelona/Center of Laparoscopic Surgery of
South Florida). All laparoscopic procedures were performed
with two team members acting as primary surgeon and first
assistant. A three-surgeon team, with more than 5-years
experience in conventional rectal cancer treatment and who
regularly perform this type of surgery, performed the op-
erations on patients assigned to conventional surgery (CS).

Tumors with obstruction or perforation symptoms, pre-
operatively diagnosed T4 staging, tumors larger than 7 cm
and local surgery candidates were excluded from the study.

Patient’s preoperative routine included physical exam-
ination during medical appointment, analyses including
liver function tests, chest x-rays and electrocardiograms,
carcinoembryonic antigen, abdominal computed tomogra-
phy (CT) to assess liver involvement, and pelvic magnetic
resonance imaging (MRI) and/or endorectal ultrasound to
assess the degree of local infiltration.

Carcinomas were included when located less than 15 cm
from the anal verge, measured on removal of a flexible
endoscope.

Patients with preoperatively staged T3 or T4 middle and
lower third tumors or mesorectal adenopathy without dis-
tant metastases received a regimen of preoperative radio-
therapy (45 Gy in 4 weeks).

All patients were prepared with a lavage solution the day
prior to surgery and received antibiotic prophylaxis during
anesthetic induction.

Surgical technique

Patients were operated under general anesthesia and placed
in the Lloyd Davis position, with urinary catheterization in
all cases.

LSG patients had four trocars placed: two 5-mm trocars,
one on either side of the umbilicus, at the right iliac fossa
and left abdominal flank; a third 10-mm trocar for the
camera at the umbilicus; and a fourth 12-mm trocar for lin-
ear stapler insertion close to the right anterosuperior iliac
spine. In addition, a fifth subxiphoid trocar was placed
when mobilizing the splenic flexure of the colon was

required and a sixth suprapubic trocar for lower rectal
dissection.

In all cases, colon and rectum dissection was performed
in the medial–lateral direction, using an ultrasonic scalpel,
opening a keyhole in the mesocolon to identify left ureter
and gonadic vessels, taking special care to preserve dor-
solumbar sympathetic nerve terminals, followed by liga-
tion of the inferior mesenteric artery and vein at its origin
1 cm close to the aorta and splenic vein using a vascular
linear stapler. The rectum and mesorectum were mobi-
lized circumferentially from their avascular plane to
between 1 and 2 cm below the levator muscle, sparing
the pelvic fascia and autonomic nerve plexus. Total
mesorectal excision (TME) was performed on all tumors
located in the middle or lower thirds. Distal section of the
rectum was performed with a 45-mm linear stapler, using
two firings in most cases. A protected Pfannenstiel incision
was performed for specimen extraction. Passage recon-
struction was carried out intracorporeally with a transanal
circular (end-to-end, EEA) stapler. Protective ileostomy
was performed in low anterior resections with stapling
problems and in those cases where the saline instillation
test detected air leakage.

Table 1 Patient characteristics

LSG
(n=20)

CSG
(n=20)

Difference
(p value)

Age 66.6±12.6 70.7±9.2 NS
Male/female 11/9 8/12 NS
ASA score 2.4 2.3 NS
BMI 26.0±2.9 27.9±5.1 NS
Technique
HAR 5 6 NS
LAR 9 10 NS
APR 6 4 NS
Distance to anal
verge (cm)

8.5±4.7 8.6±4.9 NS

0–5 9 7 NS
6–11 6 7 NS
11–15 5 6 NS
TNM staging
I 4 7 NS
II 7 5 NS
III 7 3 NS
IV 2 5 NS
Tumor size (cm) 4.3±2.3 3.0±1.7 NS
Previous radiotherapy
(%)

10 (50) 9 (45) NS

Previous abdominal
surgery (%)

4 (20) 5 (25) NS

BMI Body mass index, HAR high anterior resection, LAR low
anterior resection, APR abdominoperineal resection, NS not
significant, ASA American Society of Anesthesiologists, TNM
tumor–node–metastases



In abdominoperineal resections, a sigmoid colostomy
was performed, and the specimen was delivered via the
perineal route.

All patients had low pressure suction drainage at the
pelvis.

In the CSG group, the technique performed followed
procedures for treatment of rectal cancer as established by
surgical societies. TME criteria were identical to those in
the LSG.

Demographic, clinical, anatomopathological, and eco-
nomic data variables for both groups were prospectively
collected into a database. Variables regarding patient charac-
teristics included age, sex, American Society of Anesthesi-
ologists (ASA) score, body mass index (BMI), previous
abdominal surgery, and radiotherapy records. Clinical var-
iables comprised operative data, operative time, blood loss
and conversion rates, as well as data regarding return of
peristalsis, introduction of oral intake, average hospital stay
and perioperative transfusion. Data regarding perioperative
morbidity, as well as readmission and reoperation were also
collected. Anatomopathological data such as specimen
length, number of lymph nodes harvested, and radial and
distal margins were analyzed. Procedure cost per patient
(surgical plus hospitalization costs) was also studied.

Quantitative variable results are expressed in mean/stan-
dard deviation. Categorical variable results are expressed
as percentages. Variables studied were age, sex, tumor size
and location, BMI, ASA score, and previous abdominal
surgery.

Group comparisons (LSG/CSG) for quantitative vari-
ables were carried out using Student’s t test. Group com-
parisons (LSG/CSG) for categorical variables were carried
out with Chi-square or Fisher’s exact test.

Statistical analyses were carried out using the SPSS
11.0.1 statistical package.

Results

Four patients were ineligible for the study. Of these, two
had preoperatively staged T4 tumors, one T1 candidate was

assigned to local surgery, and one tumor was larger than
7 cm. Finally, 40 patients were included. Patient character-
istics are summed up in Table 1. Both groups were compa-
rable in age, sex, ASA score, surgical technique performed,
tumor size and distance to anal verge, tumor–node–
metastases (TNM) staging, and proportion of patients
having previously undergone abdominal surgery and
radiotherapy.

Operative times were no different. Blood loss was lower
in the LSG. Return of intestinal activity and introduction of
oral intake took place earlier in the LSG. LSG hospital stay

Table 2 Perioperative clinical results

LSG
(n=20)

CSG
(n=20)

Difference
(p value)

Operative time (min) 236.3±51.9 238.5±88.2 NS
Estimated blood loss (cc) 243.4±129.6 405.0±151.2 .001
Peristalsis (h) 38.4±18.1 70.8±19.8 .0001
Oral intake (h) 54.0±23.2 110.8±37.0 .0001
Hospital stay (days) 9.1±5.7 15.6±6.1 .001
Perioperative
transfusion, n (%)

7 (35) 13 (65) NS

Conversion, n (%) 2 (10)

NS Not significant

Table 3 Morbidity

Morbidity LSG (n=20)
(%)

CSG (n=20)
(%)

Difference
(p value)

Intraoperative (%) 2 (10) 2 (10) NS
Tumor perforation 1 (5) 0 (0) NS
Failed stapling 0 (0) 2 (10) NS
Intestinal perforation 1 (5) 0 (0) NS
Postoperative (%)a 7 (35) 9 (45) NS
Wound infection 3 (15) 6 (30) NS
Laparotomy incision 2 (10) 5 (25) NS
Perineal incision 1 (5) 1 (5) NS
Urodynamic disorders 4 (20) 0 (0) .04
Urine leakage 1 (5) 0 (0) NS
Prolonged ileus 1 (5) 0 (0) NS
Anastomotic leakage 0 (0) 2 (10) NS
Urinary tract infection 0 (0) 1 (5) NS
Rectovaginal fistula 1 (5) 0 (0) NS
Late complications (%) 2 (10) 1 (5) NS
Seroma 1 (5) 0 (0) NS
Colostomy hernia 1 (5) 0 (0) NS
Fever 0 (0) 1 (5) NS
Reoperation 1 (5) 1 (5) NS
Readmissions 0 (0) 1 (5) NS
Loop ileostomy 0 (0) 2 (10) NS

NS Not significant
aProportion of patients with complications before hospital dismissal

Table 4 Histological examination using laparoscopic and conven-
tional approaches

LSG (n=20)
(%)

CSG (n=20)
(%)

Difference
(p value)

Specimen length (cm) 20.6±7.5 25.7±10.3 NS
Distal resection margin (cm) 3.7±1.3 1.6±1.4 .0001
Radial margin (cm) 1.2±0.7 0.7±0.5 .03
No. of lymph nodes 6.5±5.1 7.8±6.0 NS
Tumor perforation 1(5) 0 NS
Radial margin >2 mm 20 (100) 16 (80) .04
Tumor-free distal margin 20 (100) 20 (100) NS
Curative surgery 17 (85) 14 (70) NS

NS Not significant



was shorter. Despite a greater proportion of CSG patients
requiring blood transfusions (35 vs 65%, p=.06), this dif-
ference was not statistically significant. Two LSG patients
(10%) required conversion, in one case owing to difficulty
exposing the surgical field due to obesity and in the other to
tumor size (Table 2).

No perioperative deaths were recorded. Intraoperative
complication rates were no different, neither for overall
patient postoperative complication rate (35 vs 45%) nor in
readmission or reoperation rates. However, the LSG regis-
tered higher urodynamic disorder rates: three cases of acute
urine retention and one of incontinence, which required
temporary urinary catheterization, against zero cases in the
CSG (Table 3).

Various parameters were examined to check adequacy of
oncological resection. There were no differences in the
proportion of patients with curative surgery or in the per-
centage of patients with tumor-free margins. One case of
tumor perforation was registered in the LSG, during per-
ineal dissection. Regarding histological assessment of
surgery, neither the length of surgical resection nor the
number of lymph nodes harvested was different. The LSG
had a higher number of tumors with radial margins greater
than 2 mm, as well as greater distal and radial resection
margins (Table 4).

As for economic variables studied, operative costs were
greater in the laparoscopy group. However, hospitalization
costs were greater in the open surgery group. Overall costs
per procedure were no different (Table 5).

Discussion

Randomized prospective research has proved the safety of
laparoscopy for treatment of colon cancer, in terms of long-
term survival and recurrence [3–5]. Although there is not
much scientific evidence regarding rectal resections for
carcinoma, several prospective nonrandomized studies
point in the same direction [6, 7]. Altogether, this has

meant that endoscopic techniques in general surgery units
are indeed a reality. The learning curve for LSRC, however,
is yet to be defined, and its results, regarding the standards
of excellence these procedures must attain, are yet to be
validated [8].

LSRC does offer advantages over conventional surgery:
pain reduction, earlier introduction of oral intake, and re-
duced hospital stay, at the expense of longer operative
times [9]. However, we have not found differences at our
institution in operative time between both techniques. The
difference in hospital stay was due to later introduction of
oral intake and a hospital stay of over 30 days in the two
CSG patients with postoperative anastomotic leakages.

As a result of lower blood loss during laparoscopic
surgery, the need for perioperative transfusions is greater in
open surgery [10]. In our patients, this difference is close to
statistical significance.

Postoperative morbidity rates reported in literature vary
from 18 to 44%, most comparative studies not having
encountered differences between both approaches [11].
The most common complications are surgical wound in-
fections, at around 10–15% for anterior resections and
above 25% for abdominoperineal resections [12]. Some
authors found a higher number of short- and long-term
wound complications in laparoscopic surgery [13]. In our
study, the auxiliary incision was protected by means of a
plastic bag from specimen extraction until closure of the
intestinal lumen, gloves, and instruments being changed
for wound closure and subcutaneous tissue washed out
with 5‰ povidone–iodine solution. Perineal incisions
received partial closure with a subcutaneous drain. Despite
all measures taken, we did not find a significant difference
between both groups.

Frequency of anastomotic leakage in open surgery is
reported at around 10%, independent of the proportion of
patients who received neoadjuvant treatment or who had an
ostomy [14]. These rates are similar to those obtained with
laparoscopic surgery [12]. Incidence of anastomotic leak-
age has been related to the distance at which anastomosis is
performed, independent of the chosen approach [15, 16].
At our hospital, we systematically checked anastomotic
integrity in all anterior resections by instillation of saline
into the pelvis, with air insufflation through the rectum
before and after performing anastomosis. There were no
cases of suture dehiscence in the LSG. The CSG recorded
two cases of postoperative anastomotic leakage in low
anterior resections. One of them required Hartmann’s pro-
cedure after presenting with apparent sepsis and peritonitis.
The second case, who presented with fever and pelvic col-
lection, had an ileostomy and did not require reoperation.

Urodynamic disorders during the immediate postopera-
tive period were higher in the LSG (Table 3). These com-
plications, although not always commented in literature,
have often been related to rectal cancer, related factors
being abdominoperineal resection, patient age over 60 years,
and a background of prostate disorders, with rates spanning

Table 5 Economic data

LSG
(n=20)

CSG
(n=20)

Difference
(p value)

Operating
costs (€)a

2,126.6±341.6 952.4±293.3 .0001

Hospitalization
costs (€)b

2,054.4±1,291.4 4,006.6±1,936.4 .001

Overall procedure
costs (€)c

4,163.0±1,255.1 5,109.3±2,202.5 NS

NS Not significant
aTotal obtained from the addition of disposable material,
operative time, and sterilization costs
bTotal obtained from the addition of pharmaceutical and nursing
costs
cAddition of the previous two totals



from 10 to 60%, depending on references [17]. In our
experience, laparoscopy allows excellent pelvic and auto-
nomic nerve vision, although lateral and anterior dissection
in the correct plane is complicated. Learning of the tech-
nique and early removal of urinary catheterization in
laparoscopic surgery might account for the higher inci-
dence of urodynamic disorders in this group.

When surgery is performed correctly, there is no dif-
ference in number of resected lymph nodes [18]. The
subject of safety margins is more controversial and has
been studied by various authors. Tate et al. [19] obtained a
lower distal margin in 11 laparoscopically operated patients
in comparison with an open surgery group of 14 patients,
despite greater anal verge distance in the laparoscopy
group. However, Lord et al. [20] found differences in favor
of laparoscopic surgery, 4.9 vs 2.5 cm, although average
tumor distance in each group was not specified. In more
recent research, distal resection margins obtained are in the
region of 3–4 cm [6, 21, 22], no different to those obtained
by open surgery. In addition to problems with distal mar-
gins, Darzi et al. [23] noted a reduction of approximately
50% in the tumor-free lateral margin in a group of 12,
compared with 16 patients who underwent abdominoper-
ineal resection by laparotomy. Differences have not been
observed in radial margins either, which fluctuate between
0.6 and 0.8 cm, although there has been less research in this
area.

Recently, MRC-CLASICC trial has addressed this issue,
with similar rates of positive resection margin between
treatment groups [24].

Although oncological result evaluation is carried out
using local recurrence and mortality rates due to cancer,
some of our research results in respect of oncologic ade-
quacy of resection are relevant. In LSG, surgery was
curative in 17 cases, 2 patients revealed synchronous liver
metastases and a third rectal tumor perforation, encoun-
tered at the time of perineal dissection. In the CSG, 14
patients underwent curative surgery, 4 had liver metastases
and, in another, a radial margin of more than 2 mm was not

achieved. The proportion of patients with a radial margin
more than 2 mmwas larger in LSG (100 vs 80%, p=.04), as
were the radial (0.7 vs 1.2 cm, p=.03) and distal (3.7 vs
1.7 cm, p=.0001) margins of resection. In relation to these
differences, we believe that the impossibility of palpating
the tumor in LS leads to performing upper rectal tumor
dissection to an area accessible for rectal palpation, which
could account for greater distal margins in the LSG.
Further, in our opinion, the higher proportion of patients
with D stage tumors in the CSG explains the radial margin
results referred. Other important and controversial issue is
the number of low number of lymph nodes harvested in our
patients (mean 6.5). According to the TNM guidelines,
ideally 12 lymph nodes should be routinely examined.
However, the number of 12 nodes is not a requirement and
usually hard to reach. An important TME trial found that in
82% of the cases, less than 12 lymph nodes were examined
(mean 7.5) [25].

One of the inconveniences ascribable to LSRC is the
increase in costs owing to surgical intervention, mainly
owing to disposable materials. Some recent research dem-
onstrates that this expense is offset by the reduction of
indirect costs incurred by hospital stay, pharmaceuticals,
laboratory, and nursing [15, 16]. In our research, there was
no difference in overall procedure costs.

The main problem for implementing LSRC is the more
or less prolonged learning curve required, which does not
guarantee accomplishment of the standards of quality
established for this type of surgery. Following the results
obtained in our experience, we believe that it is crucial that
the team performing this type of surgery during the
learning stage has a combination of thorough experience in
open colorectal surgery and advanced laparoscopy tech-
niques, together with specific LSRC training obtained at
referral hospitals. In these conditions, our results suggest
that laparoscopic surgery can be performed safely during
the learning curve, reaping its clinical benefits, without
compromising the oncologic principles of resection or
increasing procedure costs.
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