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Purpose. In the early 1990s, laparoscopic colon surgery was shown to be
technically feasible and was applied to managing benign and malignant
colon disease. Few published discussions describe the learning curve for
performing this procedure in regional hospital. Here we present our surgi-
cal experience and early outcomes for laparoscopic colorectal resection.
Methods. Our laparoscopic surgical team comprised well trained colo-
rectal surgeons without prior experience performing laparoscopic colo-
rectal surgery. From August 2008 to January 2009, we performed 30 lap-
aroscopic colorectal surgeries. Two equal, consecutive groups, the first 15
cases (group A) and later 15 cases (group B), were retrospectively re-
viewed. Patient demographics, perioperative parameters and early out-
comes (i.e., operative times, blood loss, length of stay, need for technique
assistance, complications, conversion to open surgery) were recorded.
Surgical experience and outcomes were analyzed to document our learn-
ing curve.

Results. No significant differences were found between groups in surgical
procedures, gender ratios and difficulty of operative procedures. Group B
had shorter operative times, earlier recovery of gastrointestinal function,
less blood loss, and shorter hospital stays without significant differences.
Significant differences between groups included higher ages in group B
and higher incidence of calls for technical assistance in group A. The
groups’ complication rates were identical. Group A had the only case of
conversion to open surgery. Operation times and blood loss decreased
significantly after case 16.

Conclusions. Laparoscopic colorectal resection can be performed safely
in regional hospital. Assistance from a surgeon experienced in laparo-
scopic colorectal resection helped, colorectal surgeons with laparoscopic
experienced (laparoscopic cholecystectomy and laparoscopic appendec-
tomy) achieve proficiency at 16 cases.

[J Soc Colon Rectal Surgeon (Taiwan) 2010,21:1-8]

Laparoscopic colon resection was first described
in 1991' and was slow to gain acceptance in-
itially. Some early reports of port-site recurrence and
varying effects of pneumoperitoneum on tumor biol-
ogy prompted several studies that investigated out-

comes and survival rates.” However, in recent de-
cades, prospective randomized studies have demon-
strated that the long term outcome after laparoscopic
resection for colorectal cancer is comparable to that of
open surgery.”*
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Patients receiving laparoscopic colon resection
have the accepted advantages of laparoscopic effects
such as shorter hospital stays, shorter durations of
postoperative narcotics use, and decreased intervals
until return of bowel function and oral intake.*” How-
ever, even when performed by experienced surgeons,
laparoscopic colorectal surgery takes more operation
time when compared to open colorectal surgery. Lap-
aroscopic colorectal surgery is a technically difficult
operation that requires a skilled and attentive surgical
team for its successful completion, a requirement that
has slowed the widespread use of laparoscopic colon
surgery.

In Taiwan, only 5% to 10% of colon cancer pa-
tients receive laparoscopic colorectal resection and
most of them are hospitalized in larger medical cen-
ters. The aim of this study was to assess factors related
to the learning curve for performing laparoscopic
colorectal surgery and to determine whether or not it
is feasible for this surgery to be performed in regional
hospital.

Patients and Methods

We organized a laparoscopic colorectal surgery
team in January 2008. The team consisted of two prin-
cipal surgeons who were trained, experienced colo-
rectal surgeons whose experience included perform-
ing over 50 open colorectal surgeries. Each surgeon
had also maintained a practice in laparoscopic sur-
gery, performing over 50 cases of laparoscopic cho-
lecystectomy or laparoscopic appendectomy. The
team’s initial training consisted of a one-month lap-
aroscopic course in the colorectal unit of National
Taiwan University Hospital.

An experienced professor, whose laparoscopic
colorectal surgery experience included over 600
cases, served as a supervisor of our surgical team. All
operations were performed by one of two attending
surgeons and if any difficulties occurred during lap-
aroscopic colorectal surgery, the team relied on the su-
pervisory surgeon to provide assistance with opera-
tive technique.

Beginning in August 2008, we began to routinely
perform laparoscopic colorectal surgery. All patients

diagnosed as colorectal cancer were referred to the
laparoscopic team. Patients with synchronous or me-
tachronous colon cancer and patients with cancer per-
foration were excluded from the study. Patients who
had received lower abdominal surgery previously
were also excluded. In total, 30 colon cancer patients
underwent laparoscopic colon resection in the Na-
tional Taiwan University Hospital, Yun-Lin Branch,
between August 2008 and January 2009.

For the anesthesiologists performed central ve-
nous catheter (CVP) or epidural patient-controlled
analgesia (PCA) insertion after anesthesia. The anes-
thesia times were variation from 15 to 55 mins to
“real” operation times. The operation times we re-
corded here were start from the incision time, not in-
cluding the per-operative setting times.

In this study, 30 patients were received surgery by
one operator and same surgical team. The surgical in-
struments and operative procedures did not change in
these 30 patients. First, the patients were in lithotomy
position. Four or five trocars were placed in the ab-
dominal wall. After insufflating carbon dioxide gas,
the abdominal wall was tented away from the intes-
tine. Second, electronic video laparoscope was used
for better vision in pelvic cavity and laparoscopic me-
dial-to-lateral approach was performed for the cura-
tive resection colorectal cancer. The major vessels
were high ligated by endoclips 10mm or endo-GIA
universal straight 30-2.5 mm, mesocolon resection
was performed by endo-Ligasure 5 mm. We divided
the distal end of colon (or rectum) with endo-GIA uni-
versal roticulator 45-3.5 mm and pull the lesion colon
out of the abdominal wall through one extent working
port. In laparoscopic right and left hemicolectomy
procedures, we divided the cancer lesion with safety
margin and extracorporeal anastomosis with hand-
sewn suture. In laparoscopic anterior resection or low
anterior resection procedures, we performed intra-
corporeal anastomosis with CEEA stapler 31.

One rubber drain was placed though the previous
working port to check leakage in these 30 patients.

Patient demographics, including age, gender, op-
erative procedure, and perioperative parameters such
as operation time, blood loss, time of recovery of gas-
trointestinal function, length of hospital stay, compli-
cation rate, need for technical assistance, and conver-
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sion rate were recorded and analyzed.

We classified different operative procedures and
times as low or high on the basis of degree of diffi-
culty.® The low-difficulty group included right hemi-
colectomy, anterior resection. The high-difficulty ap-
proach consisted of left hemicolectomy and low ante-
rior resection (LAR) and abdominoperineal resection.

The learning curve was defined as the operative
times required for each procedure to reach a nadir at
which the times of the subsequent procedures did not
vary by more than 30 minutes.’

Statistical analysis

Statistical analyses were performed using one-
way ANOVA and chi-square methods for comparison
of variables among the two groups. Significance was
determined as having a p value of < 0.05. The least
significant difference method was used for further ex-
amination of differences in perioperative parameters
between the groups.

Results

For the purpose of recording results and docu-
menting the learning curve, the 30 consecutive pa-
tients were divided into two equal groups (A = the
early group of 15 patients, and B = the later group of
15 patients) for analysis.

Surgeries performed included right hemicolec-
tomy (n = 2), left hemicolectomy (n = 2), anterior re-
section (n = 14), low anterior resection (LAR) (n=10)
and abdominoperineal resection (n = 2). In the early
group (group A), one patient received right hemi-
colectomy, 7 patients received anterior resection, 2
patients received left hemicolectomy, 4 patients re-
ceived LAR, and one patient received abdomino-
perineal resection. In the later group (group B), one
patient received right hemicolectomy, 7 patients re-
ceived anterior resection, 6 patients received LAR,
and one patient received abdominoperineal resection.
The operative procedures were similar in both groups,
and showed no significant differences. (P < 0.05)

The mean operative times were 195 minutes for
right hemicolectomy, 270 minutes for left hemico-

lecotmy, 207.5 minutes for anterior resection, 229.5
minutes for LAR, and 232.5 for abdominoperineal re-
section (Table 1).

We designed the technique difficulty of operation
procedures into two groups by the mean operation
time. The low-difficulty operation group (n = 16), in-
cluding right hemicolectomy and anterior resection,
required less operation time. The high-difficulty oper-
ation group consisted of 14 cases receiving left hemi-
colectomy, LAR, or abdominoperineal resection.

The age in group B was older than group A and
reach significant difference. (P = 0.027) No signifi-
cant differences were found between the two groups
in the male-to-female rate or difficulty of operative
procedures (P=0.116, 1) (Table 2).

Mean operative time and blood losses were lower in
group B than in group A, but differences did not reach
statistical significance (P = 0.083, 0.365) (Table 3).

Decreases in the time of first flatus and the length
of hospital stay were noted in group B, but did not
reach statistical significance (P = 0.254, 0.234). Four
postoperative complications occurred, including pro-
longed ileus, wound infection and anastomosis leak-
age. Each group had two complications. No differ-
ences were noted in the postoperative complication

Table 1. Procedures of group A and B

Total case Mean operation

Variables Group A Group B number time
Anterior 7 7 14 207.5
resection

Right 1 1 2 195

hemicolecotmy

Left 2 0 2 270

hemicolectomy

Lower anterior 4 6 10 229.5
resection

APR 1 1 2 232.5

Table 2. Comparison of demographic data for group A and B

Group A Group B

Variables (n=15) (n=15) P value
Age 66.5 70.5 0.027
Sex (male: female) 12/3 10/5 0.116
Low difficulty 8 8 1
Operation procedure

High difficulty 7 7 1

Operation procedure
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rates between groups A and B. A significantly higher
incidence of calls for technical assistance was noted in
group A (P =0.002). Only one case of conversion to
open surgery occurred in the early group (group A)
(Table 3).

The blood losses were much more at the begin-
ning of the study. By the experience gaining, the
blood losses were significant decrease. The curve of
blood loss keep standard below 100 c.c. at case 20.
(Fig. 1)

The operative time for each group is shown in
Figs. 2 and 3. In the low difficulty group, the mean op-
eration times dropped to a low point of 150 min at
cases 16. In the high difficulty group, the mean opera-
tion times declined to a nadir of 140 min at cases 20.
Thus, in both sets, 16 to 20 laparoscopic colectomy
were required for adequate learning.

Discussion

National Taiwan University Hospital, Yun-Lin

Table 3. Comparison of mean perioperative parameters for

groups A and B
. Group A Group B
Variables (n=15) (n=15) P value
Operative times 268 163 0.083
Blood loss 199 63 0.365
First bowel movement 3.8 2.9 0.254
Length of stay 11.5 9.2 0.234
Complication 2 2 1
technical assistance 4 1 0.002
Conversion 1 0 0
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Fig. 1. Blood loss over the study period.
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Fig. 2. The learning curve of operation time for laparo-
scopic colectomy.
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Fig. 3. The operation time for high-difficulty procedure
and low-difficulty procedure. Low-difficulty pro-
cedures (n = 16) included right hemicolectomy (n
= 2) and anterior resection (n = 14). High-diffi-
culty procedures (n = 14) involved low anterior re-
section (n = 10) and left hemicolectomy (n=2) and
APR (n=2).

Branch is a 600-bed rural hospital providing acute
care facilities for the people of Touliu city and the sur-
rounding rural communities. Touliu city is located in
southern Taiwan and has a population of 100,000.
Most people in Touliu are engaged in agriculture or
forestry and are of a lower socio-economic status.

In August 2008, in order to provide more surgical
options for colorectal cancer patients, our hospital de-
cided to begin performing laparoscopic colorectal re-
sections. Two colorectal surgeons completed a one-
month laparoscopic training course in the National
Taiwan University Hospital colorectal unit. An expe-
rienced professor (with personal laparoscopic colo-
rectal surgery experience over 600 cases) was desig-
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nated as lead surgeon and the supervisor of the surgi-
cal team.

Laparoscopic colorectal surgery is technically
challenging, including performance of operations that
frequently involve two or more abdominal quadrants,
control of large blood vessels, identification of ex-
rtaperitoneal structures such as the ureters, and intra
or extracorporeal reconstruction of intestinal continu-
ity.> These highly technical laparoscopic thresholds
may affect initial early outcomes and limit the pro-
gression of laparoscopic colorectal resection surgery
within an institution. In this study, we evaluated the
learning curve for performing laparoscopic colorectal
resection in a rural community hospital based on the
initial outcomes of our first 30 elective operations.

Because colon resection encompasses several
similar but distinctly separate operations (right hemi-
colectomy, left hemicolectomy, anterior resection,
LAR, and abdominoperineal resection), the degree of
difficulty of colorectal resection can not be consid-
ered equal across all procedures. Even in open colo-
rectal surgery, left hemicolectomy and LAR are typi-
cally more difficult and time consuming than right
hemicolectomy and anterior resection.'”

Our results showed that different laparoscopic
surgical procedures had significant variations in mean
operation time. The mean operative times were longer
in left hemicolectomy, LAR or APR, largely because
of the difficulty of anatomical dissection and loss of
orientation or landmarks during procedures.

Other possible confounding factors include pa-
tient variables such as gender, age, and surgical indi-
cations. In laparoscopic surgery, as in open surgery,
the female anatomy is generally more favorable in
terms of pelvic cavity dissection.? In our study, the
male to female ratio in the early group was 12/3 and
10/5 in the later group, with no significant difference
in the p value.

To decrease surgical risk during the laparoscopic
learning curve, the patients who had received lower
abdominal surgery previously were excluded from the
study. Generally, we find more adhesions in older pa-
tients, whereas younger and healthier patients are less
likely to have prior surgery or adhesions that may add
to technical difficulty.? The mean age of group A was
younger than that of group B (66.5 v.s. 70.5) and sig-

nificant difference in the p value.

The learning curve for performing laparoscopic
colorectal surgery should reflect the number of cases
needed to conduct these procedures with a reasonable
rate of significant complications.'"'® It is important to
evaluate operation times, complication rates, and
blood loss to help determine and document the learn-
ing curve. In our series, blood loss and operative time
decreased significantly at case 16, indicating the point
at which proficiency had been achieved in performing
laparoscopic colorectal surgery.

The operative time in laparoscopic colorectal sur-
gery is longer than in open procedures even when per-
formed by experienced surgeons.’ Nevertheless, oper-
ation times do decrease along the learning curve, as
shown in our series and others.!'"'® In the present
study, the mean operation time for laparoscopic colo-
rectal resection was 268 minutes in the early group,
while the current estimatation of operation time for
this procedure is 163 minutes given the development
of instruments and accumulation of surgeon experi-
ence.

Transfusion of blood during the hospital stay had
a negative impact on survival of patients with colo-
rectal cancer. Similar results have been reported in
other studies. Possible explanations for this may be
that blood transfusion can have a negative immuno-
logical effect.!” Under laparoscopic vision, the pelvic
anatomy is viewed more clearly and dissection can
therefore be more precise. It is important to ligate ves-
sels precisely, not only to decrease the need for blood
transfusion, but also to preserve the quality of ana-
tomic viewing, which can become obscured if bleed-
ing occurs during the laparoscopic surgical procedure.
In our series, blood loss was less in the later group
(group B) than in the early group (group A), and the
need for blood transfusion was correspondingly rare
in the later group.

Several studies have shown better clinical out-
comes after surgeons have gained experience in per-
forming laparoscopic procedures.'!"'® In this study, the
patients in the later group (group B) had shorter times
to first flatus and bowel movements, earlier com-
mencement of oral intake, and shorter hospital stays
than patients in the earlier group (group A).

Several other studies have demonstrated the im-
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pact of surgeon experience on complications, show-
ing a significant decrease in the complication rate as
experience is gained.'”?° Agachan et al.'” reported
similar results and concluded that at least 50 proce-
dures are necessary to lower the complication rate sig-
nificantly. Another study by Bennett et al.!! demon-
strated that fewer complications occurred in proce-
dures performed by surgeons who had performed
more than 40 cases.

In our series, only one case of conversion to open
surgery occurred in the early group and none in the
later group. Four cases of calls for the supervising sur-
geon’s assistance took place during surgeries per-
formed for the early group and only one case during
surgeries for the later group. We believe that having a
complete laparoscopic colorectal resection training
program and a supervisor to provide technological
guidance was a significant influence on reducing the
conversion rate during the learning curve for perform-
ing laparoscopic colorectal resection. For example,
the supervisor is readily able to point out where the
problem is and encourage the less experienced sur-
geons to overcome difficulties in the laparoscopic
procedures; this transmission of experience was
shown to help shorten the learning curve of perform-
ing laparoscopic colorectal resection.

Four postoperative complications occurred in our
series, including one anastomosis leakage in case
number 3, one small intestinal obstruction in case
number 16, and two cases of wound infection (cases
number 6 and 17). Although the complication rate
was same in both groups, two postoperative complica-
tions in the early group were much major complica-
tions. In surgeries performed for patients with rectal
cancer at the upper to middle rectum, we created a
protective ileostomy and administered total meso-
rectal excision, which might help to decrease major
complications during laparoscopic colorectal surgery.

Conversion rate, as well as intra-operative and
postoperative complication rates and operative times,
has been used as indicator of proficiency, and has
been much examined for trends.?*?* In our study, the
conversion rate during the learning curve was notably
low. Only one case was conversion to open surgery in
the early group. Our operative times for this technique
decreased significantly after the first 16 cases. This

improvement represents our acquired aptitude as we
gained experience and progressed along the learning
curve. Previous learning curve studies recommended
a varied number of cases, ranging from 11 to 80, to
achieve proficiency with laparoscopic colon resec-
tion.!!® We believe there are several reasons why we
were able to shorten the learning curve in our series.
First, by engaging the help of a respected laparoscopic
colorectal resection training program and having the
support of the whole surgical team, we were able to
perform 30 laparoscopic colorectal resections in six
months. To optimize learning and shorten the learning
curve, we found it was important to accumulate a suf-
ficient number of cases within a short time. Second,
having an experienced laparoscopic colectomy sur-
geon as a supervisor can help to solve laparoscopic
surgery problems in the beginning of the learning
curve and, indeed, point out techniques to help us
avoid mistakes. As our result have shown, the inci-
dence of calls for assistance were more frequent in
surgeries of the early group, but as the team surgeons
gained experience, no calls for assistance were made
during surgeries of the later group.

The study was not primarily designed to look at
oncological outcomes of laparoscopic colorectal sur-
gery, which would require subsequent follow up. We
tried to determine the adequacy of resection based on
resection margins and lymph nodes yielded in laparo-
scopic colorectal resection patients. Most of our surgi-
cal procedures involved at least a 2 cm distal safety
margin and D2 lymph node dissection.

Conclusion

Laparoscopic colorectal resection is technically
feasible and safe to perform in rural hospitals. The
procedure was shown to result in early postoperative
recovery and shorter hospital stays. After undergo a
complete laparoscopic colorectal resection training
program and surgical department coordination, the
surgery can be taken up by colorectal surgeons who
only had laparoscopic cholecystectomy and laparo-
scopic appendectomy experienced before. No extra
significant mortality was noted during the learning
curve. Having an experience laparoscopic colorectal
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surgeon as supervisor of the surgical team was shown
to result in shortening the learning curve and reducing
the rate of conversion to open surgery. Our laparo-
scopic team was able to overcome the learning curve
at case number sixteen.

10.
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