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Objective
The authors described their experience with laparoscopic-assisted colorectal resection for
colorectal carcinoma, both curative and palliative, with emphasis on patient selection. The
techniques of the operations were described.

Summary Background Data
Laparoscopic colorectal procedures for treatment of benign lesions have been shown to be less
painful and to enhance early postoperative recovery. However, use of laparoscopic procedures
for treatment of colorectal cancer are controversial. The authors have used laparoscopic
techniques for curative and palliative resections of colorectal carcinoma with satisfactory early
results.

Methods
One hundred patients with colorectal carcinoma were selected over a 30-month period for
laparoscopic-assisted colon and rectal resection. For 17 patients, laparoscopy revealed bulky
tumor or locally advanced disease, and open surgery was performed. For 83 patients,
laparoscopic-assisted colorectal resections were attempted. Procedural data and postoperative
results were entered prospectively. The median follow-up period was 15.2 months (range, 2.5-
32.7 months).

Results
Fourteen of 83 patients eventually required conversion to open surgery. The median operative
time was 180 minutes. The patients could return to a normal diet in a median of 4 days. The
median number of doses of analgesics required was two, and the median hospital stay was 6
days. The morbidity rate was 12%, and there was no deaths attributable to the procedure. There
were four distant recurrences and one pelvic recurrence.

Conclusions
Laparoscopic-assisted colorectal resection for selected patients is feasible, and early
postoperative results are encouraging. This procedure does not appear to be associated with an
excessive recurrence rate, and long-term follow-up is necessary for late survival figures.
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Since the successful introduction of laparoscopic cho-
lecystectomy, which revolutionized the surgical ap-
proach to cholecystectomy worldwide, the feasibility of
the laparoscopic approach for many other general surgi-
cal operations, such as appendectomy, repair of perfora-
ted peptic ulcer, hernia repair, Nissen fundoplication,l
esophagectomy, gastrectomy, adrenalectomy, and colec-
tomy2'3 has been demonstrated and reported. To explore
the limits of laparoscopic surgery for the treatment of
colorectal diseases, researchers have performed various
laparoscopic and laparoscopic-assisted colorectal proce-
dures, including colostomy,4 total colectomy,5 segmen-
tal bowel resection,6 anterior resection,7 abdominoperi-
neal resection of the rectum,8 Hartmann's operation,
and rectopexy. Some larger series of laparoscopic-as-
sisted colonic resection have demonstrated good re-
sults.3'6'9 '0 However, the literature on laparoscopic pro-
cedures in dealing with colorectal malignancy is scanty.
The question ofwhether the benefits of laparoscopic op-
erations will extend to patients with colorectal cancer
and whether the laparoscopic technique is adequate in
terms oftumor clearance remains largely unanswered." -

13 Encouraged by our early results with laparoscopic-as-
sisted colectomy in treatment of cancer,14"5 we at-
tempted curative and palliative laparoscopic-assisted co-
lorectal excision for tumors at all levels. In the current
study we reported on our experience with laparoscopic-
assisted colorectal excision for cancer for our first 100
cases.

PATIENTS AND METHODS
From April 1992 to October 1994, we have attempted

laparoscopic-assisted colonic or colorectal resection for
100 selected patients with colorectal carcinoma at the
Prince of Wales Hospital. In the first 30 cases (phase 1),
we chose to perform laparoscopic surgery for patients
older than 65 years ofage and/or patients with metastatic
disease not treatable by surgery. Patients were excluded
if they had a distal rectal tumor requiring anastomosis
within 5 cm of the dentate line. Laparoscopic abdomi-
noperineal resection ofthe rectum was performed for tu-
mors 5 cm or less from the anal verge or below without
anastomosis.
On the basis ofour experience with the converted cases

in phase 1, we altered our selection criteria accordingly.
In the subsequent 70 cases, we attempted laparoscopic
procedures, curative or palliative, for all age groups. We
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excluded patients who had a distal rectal tumor requiring
anastomosis within 5 cm of the dentate line, patients
with bulky tumors (6 cm or larger) or locally advanced
disease (infiltrating adjacent organs) on examination, pa-
tients who had undergone previous major abdominal op-
erations, patients who did not consent to the procedure,
and patients who presented with intestinal obstruction
or perforation.

All patients underwent preoperative colonoscopy and
biopsy. Barium enema studies were performed for le-
sions 30 cm or more from the anal verge to localize the
lesions radiologically. Ultrasonography was used to
gauge the size of the lesions and to look for evidence of
infiltration to adjacent organs. Computed tomography
scanning was used if locally advanced disease was sus-
pected. Chest radiography and ultrasonography of the
liver were performed to reveal distant metastases.
Bowel preparation with 4 L polyethylene glycol elec-

trolyte solution was performed the day before surgery,
and systemic prophylactic antibiotics were administered
at induction of anesthesia. A urinary catheter and a na-
sogastric tube were used for all patients.

Operation time was measured from the first incision
to reversal of anesthesia. Postoperative analgesia was
provided on demand with use of pethidine (1 mg/kg ad-
ministered intramuscularly). Data were entered prospec-
tively.

Surgical Techniques
The techniques oflaparoscopic-assisted colon or rectal

excision were still evolving at the time of this series. In
the initial period, the operations were performed by a
team of four surgeons, including the camera operator.
Pneumoperitoneum was introduced through a subum-
bilical incision with the Veress needle. Four accessory
ports were introduced under laparoscopic guidance and
used by the operating surgeon and the assisting surgeons.
With the experience gained from the first few cases, we
were adept with the laparoscopic techniques in colon and
rectal excision. We were comfortable with only three
surgeons and three working ports. We also converted to
the open laparoscopy technique, with the laparoscope in-
serted at the subumbilical port site. We described below
the techniques that we are using currently in our laparo-
scopic-assisted colon and rectal excisions.

Positioning
All patients were placed in the Lloyd Davies position

with a head-down tilt and with the right arm alongside
the body. One monitor was put on either side of the pa-
tient so that the chief surgeon and the assisting surgeons
could see the monitors. For left hemicolectomy, sigmoid
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colectomy, anterior resection ofthe rectum, and abdom-
inoperineal resection of the rectum, the chief surgeon
and the camera operator stood on the right side of the
patient, with the latter toward the head of the patient.
The other assistants stood on the patient's left side. The
scrub nurse stood to the right ofthe chief surgeon and at
the foot of the patient.

For right hemicolectomy and transverse colectomy,
the patient, monitors, and nurse were positioned as
above. The chief surgeon stood between the patient's
legs, the camera operator on the patient' left, and the
other assistant on the patient's right.

Port Sites
Pneumoperitoneum was induced with open technique

through a 10- to 11-mm port at the subumbilical posi-
tion. The laparoscope, which had a camera attached, was
then inserted through the subumbilical port to guide the
positioning ofthe other three ports. For left-sided colonic
lesions and rectal lesions, two 12-mm ports were posi-
tioned along the right midclavicular line, one at the level
of the umbilicus and one at the level of the anterior su-
perior iliac spine for the use ofthe chiefsurgeon. Another
12-mm port was positioned on the left midclavicular line
at the level ofthe anterior superior iliac spine for the use
ofthe assistant.
For right hemicolectomy and transverse colectomy,

two 12-mm ports were positioned suprapubically just
above the pubic tubercle on either side for the use of the
chief surgeon. The other 12-mm port was positioned in
the right upper quadrant for the use ofthe assistant.

Procedures
The laparoscopic-assisted operation consisted of (1)

mobilization of the relevant segment of bowel loop; (2)
division of the lymphovascular pedicle; (3) division of
the associated mesentery; (4) mobilization ofthe rectum
in anterior resection and abdominoperineal resection;
(5) division of the distal and proximal bowel ends; and
(6) anastomosis, either intracorporeal or extracorporeal.
For right hemicolectomy, transverse colectomy and

left hemicolectomy, bowel loop mobilization, and divi-
sion of the lymphovascular pedicle and associated mes-

entery were achieved with laparoscopic-guided dissec-
tion. Division of the lymphovascular pedicle was com-

pleted with the endoGIA 30 (AutoSuture, div. of U.S.
Surgical Corp., Norwalk, CT). The bowel loop was at this
stage mobile enough to be exteriorized through an ex-

tended assistant port site (right side for right hemicolec-
tomy and transverse colectomy, left side for left hemico-
lectomy) and was protected with a plastic bag. The bowel
ends were divided outside the wound, and an anastomo-

sis was created extracorporeally with either sutures or
staples. The completed anastomosis was internalized,
and the mesenteric defect was closed with endoscopic
hernia staples under laparoscopic guidance.
For sigmoid colectomy and anterior resection, the op-

erative steps from mobilization ofthe sigmoid colon and
the rectum, and division of the inferior mesenteric ves-
sels and associated mesentery up to the distal bowel divi-
sion using endoGIA 30 (applied one or more times) were
all achieved under laparoscopic guidance. The proximal
cut end of the bowel was then exteriorized through the
extended left side of the port and protected with a plastic
bag, and the proximal division of the bowel was made
extracorporeally. The anvil of the premium CEEA (Au-
tosuture, U.S. Surgical Corp.) was then inserted into the
proximal bowel end and secured with a 2/0 prolene
purse-string suture. The bowel end was then internalized
and the extended wound closed. Pneumoperitoneum
was again induced and a stapled anastomosis was fash-
ioned intracorporeally under laparoscopic guidance us-
ing the double-stapling technique.

For abdominoperineal resection of the rectum, the
mobilization of the sigmoid colon and the rectum and
division of the inferior mesenteric vascular pedicle were
the same as in laparoscopic-assisted anterior resection.
However, the bowel proximal to the tumor, instead of
distal, was divided using the endoGIA. With the help of
the perineal surgeon, the rectum was fully mobilized and
the specimen retrieved through the perineal wound. The
pelvic peritoneum was reconstructed with endoscopic
hernia staplers, and a terminal colostomy was fashioned
through an extended left lower quadrant port site.

RESULTS
From April 1992 to October 1994, we have chosen 107

patients with colorectal cancer for laparoscopic-assisted
colorectal procedures, of whom 100 underwent laparo-
scopic-assisted colorectal excisions for colorectal carci-
noma. Of the remaining seven patients, two underwent
laparoscopic colotomy and polypectomy for colonic ad-
enomas, one underwent laparoscopic anterior resection
for rectal adenoma, two underwent laparoscopic rec-
topexy for complete rectal prolapse, one underwent sig-
moid colectomy for sigmoid volvulus, and one laparo-
scopic right hemicolectomy for colonic lymphoma.
Of the 100 patients selected for laparoscopic-assisted

colon and rectal excision for colorectal carcinoma, 52
were male and 48 female, with age ranging from 16 to 87
years (mean, 67.3 years; SD, 11.9 years). The distribu-
tion of Dukes' staging was 9 patients with stage A, 39
with stage B, 24 with stage C, and 28 with stage D disease.
The median follow-up period was 15.2 months (range,
2.5-32.7 months). The distribution of the carcinoma
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along the large bowel was as follows: 18 patients, cecal or
ascending colon; 2, transverse colon; 5, descending co-
lon; 27, sigmoid colon; 30, rectum; and 18, anorectum
requiring abdominoperineal resection.

According to the different selection criteria, the series
can be divided into phases 1 (initial 30 cases) and 2 (sub-
sequent 70 cases). The selection criteria used in phase 2
were based on the experience gained from phase 1.
For the purposes of analysis, the patients were catego-

rized into three groups: group A, completed laparo-
scopic-assisted procedure; group B, attempted laparo-
scopic-assisted procedure followed by conversion to con-
ventional laparotomy; and group C, laparoscopy only
without attempted laparoscopic-assisted procedure fol-
lowed by conventional laparotomy. In group C, laparo-
scopic assisted procedure was not attempted because lap-
aroscopy revealed that the tumor was either too bulky or
locally advanced with infiltration to adjacent organs or
the abdominal wall, which was not evident in preopera-
tive investigations. Data on patients in group C were not
analyzed further because the procedure used was essen-
tially a diagnostic laparoscopy combined with a conven-
tional open colectomy, which was not one of the proce-
dure of interest in the current article.

In phase 1, 18 patients were in group A, 9 in group B,
and 3 in group C. In phase 2, 51 patients were in group
A, 5 in group B, and 14 in group C.
The distribution of the laparoscopic-assisted proce-

dures used in groups A and B is shown in Figure 1. Of
the 83 procedures in groups A and B, 62 were performed
with curative intent and 21 with palliative intent. Ofthe
14 conversions, 9 were in phase 1 and only 5 in phase 2.
Therefore, the conversion rate, after excluding the cases
in group C, in phase 1 was 33.3% (9 of 27 patients) and
in phase 2 was 8.9% (5 of 56 patients) The low conver-
sion rate in phase 2 is attributed to a strict selection cri-
teria, and laparoscopy helped to exclude cases that were
likely to be converted.
An analysis of the perioperative results of the 83 pa-

tients in groups A and B revealed a median operating
time of 180 minutes (range, 120-320 minutes), and me-
dian intraoperative blood loss was 325 mL (range 50-
3000 mL). The patients could resume a normal, full diet
in a median of 4 days (range, 1-15 days). The median
postoperative hospital stay was 6 days (range, 2-33 days).
The median postoperative analgesic requirement in

group A was 2 doses (range, 0-39 doses) of pethidine (1
mg/kg administered intramuscularly) and that of group
B was 4.5 doses (range, 1-15 doses). The difference in
analgesic requirement was statistically significant ac-
cording to the Mann-Whitney U test (p = 0.04). In fur-
ther analysis of group A, the analgesic requirement for
the laparoscopic-assisted abdominoperineal resection
patients with perineal wounds (median, 7 doses; range,

1-39 doses) was significantly more than that for the rest
of group A, for whom all wounds in the abdomen were
minimal without perineal wounds (median, 2 doses;
range, 0- 16 doses) (Mann-Whitney Utest, p = 0.04).

In the completed laparoscopic-assisted large-bowel re-
section group (group A), the mean number of lymph
nodes harvested on histopathologic examination was
12.8 (SD, 7.0). The mean length of distal safety margin
ofthe rectum in the fixed shrunken specimen was 3.2 cm
(SD, 1.8 cm) in cases ofcompleted laparoscopic-assisted
anterior resection for rectal carcinoma. All resection
margins, including distal and lateral resection margins,
were clear of tumors for all patients undergoing surgery
with curative intent.
The overall complication rate in the current series was

12% (10 of 83 patients). There were two major compli-
cations. One patient had small-bowel perforation pre-
senting as peritonitis on day 1, requiring a laparotomy.
The other patient had a ureteric injury that was made
after conversion to formal laparotomy during a difficult
laparoscopic abdominoperineal resection of the rectum.
Other minor complications included two cases of reten-
tion of urine, one case ofdeep vein thrombosis, one case
of incisional hernia, and four cases of minor wound in-
fection. Fortunately, there was no incidence of anasto-
mosis leakage in the whole series. At the time ofthis writ-
ing, there were five cases of recurrence among patients
receiving curative surgery. Four were cases ofdistant me-
tastases, including lung, liver, ovary and carcinomatosis
peritonei with port site recurrence. One patient had a lo-
coregional recurrence in the pelvic region. One patient
who had undergone a palliative laparoscopic-assisted
right hemicolectomy had a recurrence in the abdominal
wound through which the specimen was delivered.
There were two perioperative deaths, one due to cere-

brovascular accident and the other due to aspiration
pneumonia. Both perioperative deaths were unrelated to
the laparoscopic procedures. Five patients in the entire
series died ofadvanced malignancy.

DISCUSSION
Laparoscopic cholecystectomy has rapidly established

its role in place of open surgery since Philippe Mouret
performed the first laparoscopic cholecystectomy during
a laparoscopic gynecologic operation in March 1987 in
France.'6 However, laparoscopic large-bowel surgery has
not received the same degree of acceptance by the surgi-
cal community,12"13 although initial series have shown
promising results.6'9 This lack of acceptance exists for
two main reasons. First, laparoscopic large-bowel sur-
gery is much more complicated than laparoscopic chole-
cystectomy, and more advanced laparoscopic tech-
niques are required.'7 Second, the efficacy of laparo-
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scopic large-bowel resection for cancer is unproven.'2 '3
People have questioned whether laparoscopic colectomy
can achieve the same degree of tumor clearance as in
conventional open surgery'3 and whether laparoscopic
surgery actually enhances tumor dissemination.'8
Our large initial series of 100 cases of laparoscopic-as-

sisted colectomy for colorectal cancer is promising in
terms of favorable early postoperative results and me-
dium term recurrence rates and survival figures. There is
a suggestion of less postoperative pain, reflected by the
requirement for less analgesia, earlier return of bowel
function, and shorter hospital stay compared with con-
ventional open surgery, as documented in our early com-
parative study. ' Although it has been suggested that
early postoperative oral intake may not be related to the
minimally invasive approach,'9 we believe that the im-
proved morbidity in terms of less pain (leading to earlier
mobilization) and earlier return to normal diet have led
to shorter hospital stay, and these are the major benefits
of the minimally invasive surgery. The much better cos-
metic result and patient satisfaction associated with the
laparoscopic approach is difficult to quantify and mea-
sure. Whether the laparoscopic approach causes less im-
munosuppression as a result of less trauma is debatable.
However, recent evidence showing unimpaired immune
functions and attenuation of metabolic and inflamma-

Sigmoid colectomy Anterior resection AP resection

tion by procedures and phase.

tory responses after laparoscopic cholecystectomy com-
pared with open cholecystectomy is encouraging.20'2'.
We began to perform laparoscopic-assisted colectomy

in humans only after acquiring the technique of laparo-
scopic bowel surgery in the porcine model and also after
gaining enough laparoscopic surgical experience in hu-
mans by performing laparoscopic cholecystectomy and
laparoscopic appendectomy. We are very cautious in our
case selection criteria to select patients with distant me-
tastases or patients who are relatively old, so that survival
will not be adversely affected in phase 1 of our series. In
fact, once we started performing the laparoscopic-as-
sisted colectomy in humans, we were confident that we
could perform the laparoscopic dissection in the same
way as in laparotomy procedures and that we could ac-
tually go through the same tissue planes, and we believe
that the same amount of tissue is removed, hence the
tumor clearance achieved should be the same.
Adequate oncologic resection of the large bowel has

been shown to be feasible in dogs22 and cadavers.23 Ade-
quate lymphadenectomy in laparoscopic bowel surgery
in humans can be achieved in the same way as in open
surgery, as demonstrated in our experience and in that of
others.24 In the current series, the number of lymph
nodes harvested and the noninvolvement of all distal
and lateral margins further supports the feasibility of ad-
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equate oncologic clearance in laparoscopic colorectal re-
section.

This is also reflected by the acceptable recurrence rate
in the current series, and most of the recurrences are ac-
tually distant metastasis. Therefore, locoregional clear-
ance by laparoscopic technique is reliable.
The single incidence of abdominal wound recurrence

in the palliative right hemicolectomy case (in the ex-
tended port site incision through which the specimen
was exteriorized) occurred early in our series, before we
practiced wound protection with use of a plastic bag.
This recurrence is believed to be due to tumor cell seed-
ing during specimen extraction through the abdominal
wound. The single incidence of port site recurrence as
part ofthe widespread carcinomatosis peritonei occurred
in a curative sigmoid resection. We did not observe iso-
lated port site recurrence, as has been reported in other
series, probably due to a different mechanism by which
tumor cells spread to the port sites other than by direct
tumor-wound contact.'8
The conversion rate can be markedly reduced by care-

ful case selection. In our experience with conversion in
our early cases, we learned that the main reasons for
difficult laparoscopic dissection and eventual conversion
to laparotomy are bulky tumors and locally advanced
disease infiltrating adjacent organs, abdominal walls, or
pelvic side walls. Therefore, in the phase 2 selection cri-
teria, we excluded cases of tumors more than 6 cm in
greatest dimension and locally advanced disease. This se-
lection policy has lowered our conversion rate from
33.3% to 8.9%. Ifpreoperative investigation fails to dem-
onstrate bulky tumors or locally advanced disease, lapa-
roscopy itself often can be very useful for finding such
tumors, and formal laparotomy should follow rather
than laparoscopic dissection, which is likely to end up in
a conversion. Tumor located in the lower third of the
rectum was also excluded in our series, because the
straight endoscopic stapler that is used in distal rectal di-
vision cuts the rectum at an angle instead of straight
across, which could compromise the distal margin in low
tumors.

Gross obesity was noted to be one contributing factor
leading to conversion to an open procedure in laparo-
scopic-assisted colorectal excision, as has been reported
in other series in the literature.29 However, in the patient
population in Hong Kong, gross obesity was not encoun-
tered commonly. Therefore obesity was not an exclusion
criterion in the current series, nor was it a cause leading
to conversion.
We perform laparoscopic-assisted colectomy rather

than total laparoscopic colectomy alone, which has been
reported to be feasible.25 We believe that because a small
wound in the abdomen is used to extract the specimen,
except in abdominoperineal resection ofthe rectum, that
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wound may be used in performing part of the operation
extracorporeally, which greatly expedites the whole pro-
cedure. The length of the wound (median, 5 cm in the
current series) for specimen extraction is mainly deter-
mined by the size of the tumor. This wound is usually
adequate for exteriorization of the whole bowel loop for
a colectomy, provided that the bowel loop is adequately
mobilized and the vascular pedicle is divided under lap-
aroscopic guidance. In the case of laparoscopic-assisted
anterior resection, the anastomosis is performed intra-
corporeally with the use of a transanal circular stapler
under laparoscopic guidance, because it is difficult to
perform the anastomosis either at the abdominal wound
or through the abdominal wound, especially for lower
anastomoses because ofthe short rectal stump.
The question of whether laparoscopic-assisted large-

bowel resection is advantageous over conventional open
operation in terms of less morbidity and acceptable re-
currence and survival rates has to be answered by a care-
fully conducted randomized trial. We believe it to be so,
as the current study has shown, for selected patients with
colorectal cancer.
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