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Abstract

Background This study aimed to evaluate the learning

curve for laparoscopic colectomy of a surgical fellow in an

university colorectal unit using a structured training

protocol.

Methods This study analyzed the data from 100 consec-

utive patients who had laparoscopic colectomy performed

by a surgical fellow between 11/2004 and 12/2007. The

structured training protocol required the fellow to assist

more than 40 laparoscopic colectomies before embarking

on his first case. Rectosigmoidectomy was prioritized

during the initial experience. Operative times were ana-

lyzed to represent the learning curve. Other outcome data

including conversion and operative outcome were also

evaluated.

Results The following procedures were performed: 49

rectosigmoidectomies, 38 right colon resections, and 13

other resections. Median operative time was 150 min, and

conversion rate was 1%. Overall postoperative morbidity

rate was 28% (major morbidity 3%). Three patients required

early reoperation. There was no operative death. Median

hospital stay was 8 days. Operative times reached their

lowest point at period of cases 45–50, and remained rela-

tively stable afterwards. Comparing the first 50 and second

50 cases, the only difference observed was more frequent

presence of a supervisor in the theater in the first 50 cases

(74% versus 52%, p = 0.02), while the other parameters

including types of procedures, postoperative recovery,

hospital stay, and morbidity rate were not different.

Conclusions Our results indicated that laparoscopic

colectomy training can be safely performed under a

structured protocol. The surgeon can perform laparoscopic

colectomies more independently after 50 cases, without

jeopardizing the clinical outcome.

Keywords Colon cancer � Laparoscopic colorectal

surgery � Learning curve � Operative time

Laparoscopic colectomy is an established minimally

invasive procedure for treatment of both benign and

malignant large bowel disease. Compared with open

colectomy, it is associated with faster postoperative

recovery and lower morbidity [1–4]. Recent randomized

control trial and meta-analysis confirmed comparable

oncological outcomes between laparoscopic and open

colorectal surgery [1, 5–8]. We have previously reported

that laparoscopic colectomy was feasible and safe in the

hands of experienced laparoscopic surgeons [2, 7].

Laparoscopic colectomy is a technically demanding

procedure with a steep learning curve. The learning curve

reported in literature is highly variable, ranging from 20 to

70 cases [9–15]. A structured program was established in

our centre for training surgical fellow in laparoscopic

colectomy. We would like to evaluate the learning curve of

the first surgical fellow (J.C.M.L.) trained in a university

colorectal unit using this structured training protocol and

assess its feasibility.

Materials and methods

Between November 2004 and December 2007, 100 con-

secutive patients underwent laparoscopic colectomy by a

J. C. M. Li (&) � S. S. F. Hon � S. S. M. Ng �
J. F. Y. Lee � R. Y. C. Yiu � K. L. Leung

Department of Surgery, Chinese University of Hong Kong,

Prince of Wales Hospital, Shatin, Hong Kong SAR, China

e-mail: jimmylicm@surgery.cuhk.edu.hk

123

Surg Endosc (2009) 23:1603–1608

DOI 10.1007/s00464-009-0497-0



surgical fellow were included in this study. Demographic

data, intraoperative findings, operative procedures, post-

operative parameters, morbidities, and outcomes were

prospectively collected into our colorectal database.

Our unit had four experienced laparoscopic colorectal

surgeons. They work together and provide team approach

in laparoscopic colorectal surgery. They all supervised or

assisted the surgical fellow (J.C.M.L.) to perform the

operations in this study. Before starting hands-on laparo-

scopic colectomy, he had attended a training course, per-

formed at least 75 basic laparoscopic procedures

(cholecystectomy or appendectomy), and assisted in more

than 40 laparoscopic colectomies. In order to ensure patient

safety and oncological clearance as well as facilitate

learning, the initial cases were highly selected. The

sequence would be starting from benign disease to early

cancer then more advanced disease. The operation to start

was sigmoidectomy, followed by anterior resection then

right hemicolectomy and then resection of lower rectum

tumor.

We had standardized the preoperative preparations,

operative steps, instrumentations, and postoperative care.

Our technique of laparoscopic colectomy has been reported

previously [2, 7]. In principle, we mobilized the colon,

followed by transection of the lymphovascular pedicles.

For left colon resection, distal transection was performed

intracorporeally by linear stapler. A port wound was

extended to deliver the specimen under the protection of a

plastic bag. The division of the bowel was then performed

extracorporeally. The ileocolic anastomosis was performed

extracorporeally either handsewn or functional side-to-side

anastomosis with linear stapler, while the colo-colic or

colorectal anastomosis was performed intracorporeally

with circular stapler for left colon resection or rectum,

respectively. Postoperatively, diet was resumed as soon as

bowel function returned clinically. Patients were dis-

charged when they tolerated diet and regained ambulation.

Patients were regarded to be suffering from prolonged ileus

if they were unable to resume diet after postoperative day 4

and required parenteral nutrition supplementation. Time to

full ambulation was defined as time when the patient could

walk independently in the ward without assistance.

Operative time was measured from skin incision to

completion of wound closure. Mean operative time of every

five consecutive cases was used to plot a learning curve.

Conversion rate and perioperative outcome were also ana-

lyzed. The patients were divided into two successive groups

for statistical analysis: the first 50 cases belonged to group 1,

and the second 50 cases belonged to group 2. The learning

curves for rectosigmoidectomy (sigmoidectomy, anterior

resection, and low anterior resection) and right colonic

resections (right hemicolectomy and extended right hemi-

colectomy) were also analyzed.

The staging reported in this study was based on the 6th

edition of the American Joint Committee on Cancer

(AJCC) manual [16]. All patients were followed up every

3 months in the first year, every 4 months in the second

year, and every 6 months thereafter. Demographic data,

operative outcomes, and complications were analyzed by

Pearson chi-squared test, Fisher’s exact test, and Mann–

Whitney U-test. Significant difference was defined when p

value \ 0.05. All numerical values are expressed as med-

ian with the corresponding range in parenthesis. Statistical

analyses were performed with SPSS for Windows.

Results

From November 2004 to December 2007, 100 patients (59

men, 41 women) of median age 70 years (range 30–

91 years) underwent laparoscopic colectomy for varies

condition. Eighty-five patients suffered from adenocarci-

noma of colon. There were 10, 32, 29, and 14 patients who

suffered from stage I, II, III, and IV disease, respectively.

Eighty-six of 100 patients were of American Society of

Anesthesiologists (ASA) score less than III. There was no

surgical mortality in this series. Overall morbidity rate was

28% (3% major, 25% minor). One case (1%) was con-

verted to open because of locally advanced disease. During

the study period, there were 445 laparoscopic colorectal

resections performed in our unit and the overall conversion

rate was 5%.

The operative time of all patients is shown in Fig. 1.

Mean operative time started to drop at the period of cases

16–20 (120 min) and the operative time increased there-

after. The operative time dropped again at the period of

cases 46–50 (141 min). The learning curve for rectosig-

moidectomy and right colon resection were also analyzed

separately; mean operative time dropped to a low point at

31–35 cases and 16–20 cases, respectively (Fig. 2).

When comparing the two consecutive periods, there was

no significant difference between the two groups in terms

of age, gender or comorbidities (Table 1). The operative

results are summarized in Table 2. The median operative

time, blood loss, and number of lymph nodes retrieved

were also similar between the two groups. The presence of

supervisor in theatre was more frequent in group 1 then in

group 2 (74% versus 52%, p = 0.02). The surgical out-

comes are shown in Table 3. The time to full ambulation,

time to resume soft diet, time to first bowel motion, and

hospital stay were similar between the two groups. The

postoperative complications showed no significant differ-

ences between the two groups.

Comparing elective rectosigmoidectomy and right colon

resection, there were no significant differences in demo-

graphic data. Median operative time was significantly
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longer (157.5 versus 130 min; p = 0.005) and number of

lymph node retrieval was significantly higher (18 versus

15; p = 0.006) for right colon resection than for rectosig-

moidectomy (Table 4). Time to resume soft diet was sig-

nificantly longer in the right colon resection group (5

versus 4 days; p = 0.001), but time to full ambulation,

time to first bowel motion, and hospital stay were similar

between the two groups (Table 5). Right colon resection

group had more postoperative ileus (19.2% versus 2.04%;

p = 0.02) and reoperation (11.5% versus 0%; p = 0.04)

than rectosigmoidectomy group. Reasons for reoperation

included anastomotic leak, intra-abdominal collection, and

intestinal obstruction. Other postoperative complications

showed no significant differences between the two groups.

Discussion

The key to the widespread application of any surgical

procedure is based on ability to treat the disease effec-

tively with minimal morbidity and to transfer the tech-

nique to a large number of surgeons. Laparoscopic

colectomy is a technically demanding procedure that

requires high degree of spatial resolution, dexterity, and

technical skills. The assessment of trainee progress and

operator competency is an important aspect of quality

assurance in patient care.

Having four surgeons practising similar technique, we

have more opportunities to share experience and learn from

each other. This group learning effect might reduce the

number of procedures required to acquire proficiency. This

is the basis of our structured training. In our protocol, the

training surgeon is required to assist more than 40 lapa-

roscopic colectomies before starting his first case. During

this process, he can have greater appreciation of anatomy,

gain experience in laparoscope manipulation, and learn to

provide countertraction. In order to facilitate the initial

training of the training surgeon, we intend to select less

complicated cases, including benign disease and early

cancer of sigmoid and upper rectum. The operative time in

the first 15–20 cases may reflect learning progress with this

case selection. Therefore, there is an initial drop in oper-

ation time, but it increases in the latter period of training

because there will be no more case selection.

Fig. 1 Learning curve for

laparoscopic-assisted colectomy

Fig. 2 Learning curve for

laparoscopic-assisted right

colon resection and

rectosigmoidectomy
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The learning curve for an operation refers to the number

of cases required to acquire the technique with minimal

operative time and complication rate. Previous studies have

analyzed the learning curve in laparoscopic colectomy [9–

15]. The most frequently used technical indicators of the

learning curve were operative time, conversion rate, and

operative complications [15, 17, 18]. The outcome vari-

ables can be classified into clinical process and task effi-

ciency, or patient outcome. The present study measured

operative time, conversion rate, postoperative recovery,

and complications. The first two variables represent clinical

process and task efficiency and the latter two variables

represent patient outcome.

The mean operative time of five consecutive cases was

used to plot a learning curve. This is more representative

than a single case because it reflects the performance of the

Table 2 Operative results for laparoscopic-assisted colectomy

Group 1

(n = 50)

Group 2

(n = 50)

p

Median operative

time (min)a
150 (90–240) 152.5 (65–240) 0.92b

Median blood loss (ml)a 25 (0–400) 30 (0–450) 0.95b

Conversion 0 1 1.0c

Retrieved lymph nodesa,d 15 (5–28) 15 (6–28) 0.77b

Presence of supervisor

in theatre

74% 52% 0.02c

a Median (range)
b Mann–Whitney U-test
c Chi-squared test or Fisher’s exact test
d Cancer cases only

Table 3 Surgical outcomes for laparoscopic-assisted colectomy

Group 1

(n = 50)

Group 2

(n = 50)

p

Time to resumption of soft diet (days)a 4 (3–33) 4 (3–14) 0.31b

Time to first bowel motion (days)a 3 (1–9) 3 (2–12) 0.80b

Time to full ambulation (days)a 4 (1–8) 4 (1–11) 0. 62b

Hospital stay (days)a 8 (5–43) 8 (5–35) 0.93b

Wound infection 4 7 0.53c

Retention 4 5 1.0c

Urinary tract infection 6 6 1.0c

Prolonged ileus 2 7 0.16c

Anastomotic leak 0 1 1.0c

Reoperation 1 2 1.0c

Readmit 4 6 0.74c

Total number of patients with

complications

13 15 0.82c

a Median (range)
b Mann–Whitney U-test
c Chi-squared test or Fisher’s exact test

Table 1 Demographic data for laparoscopic-assisted colectomy

Group 1

(n = 50)

Group 2

(n = 50)

p Value

Age (years)a 70 (30–91) 71 (34–89) 0.9b

Sex (M:F) 26:24 33:17 0.17c

ASA \ 3 46 40 0.15c

ASA C 3 4 10

Emergency surgery

Yes 9 3 0.12c

No 41 47

Operative procedure

Right colon resection 16 22 0.07c

Rectosigmoidectomy 30 19

Other 4 9

Operative indication

Cancer 41 44 0.29c

Adenoma 2 1

Diverticulitis 5 4

Others 2 1

a Median (range)
b Mann–Whitney U-test
c Chi-squared test or Fisher’s exact test

Table 4 Demographic data and operative results for laparoscopic-

assisted right colon resection and rectosigmoidectomy

Rectosigmoidectomy

(n = 49)

Right colon

resection

(n = 26)

p

Age (years)a 71 (42–91) 70 (34–87) 0.76b

Sex (M:F) 26/23 16/10 0.48c

ASA \ 3 46 22 0.23c

ASA C 3 3 4

Operative indication

Cancer 46 24 0.48c

Adenoma 2 1

Diverticulitis 0 0

Others 1 1

Median operative time

(min)a
130 (65–235) 157.5 (110–

220)

0.005b

Median blood loss

(ml)a
20 (0–450) 30 (0–150) 0.91b

Conversion 0 1 1.0c

Retrieved lymph

nodesa,d
15 (5–27) 18 (10–36) 0.006b

a Median (range)
b Mann–Whitney U-test
c Chi-squared test or Fisher’s exact test
d Cancer cases only
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surgeon throughout the study period. Some studies use

moving-average method to demonstrate the change of the

operative time [14, 18]. This technique cannot show the

operative time during the early part of the study (for

example during the first ten cases) and the trend over time.

In some series, operative time failed to decrease with

experience [19] and shorter operative times did not corre-

late with better clinical outcomes [19]. The failure of

operative time to decline with experience often reflects

surgeons’ willingness to attempt more difficult cases rather

than an accurate representation of a learning curve. In our

study, the learning curve reached plateau at around 46–50

cases. The operative time actually went up thereafter, and

this may reflected the fact that more challenging cases were

performed.

Using operative time as a solitary indicator for surgical

performance might be inadequate [13–15, 20, 21]. Some

authors use conversion and intraoperative complication

rate as the outcome variable which is plotted against time,

showing a decreasing trend with time [10, 12, 13, 17, 21,

22]. Because of the low conversion and intraoperative

complication rate, we do not attempt to use these factors to

plot a learning curve. Lymph nodes involvement is a major

prognostic factor for colorectal cancer, and the current

AJCC manual recommends assessment of 12 or more

lymph nodes for accurate staging [16]. Lymph node

retrieval can be influenced by factors, including patient,

surgeon, and pathologist. Lymph node involvement is often

regarded as an indicator of surgical performance [18]. In

our study, lymph node retrieval was the same between the

two time periods. In fact, the only significantly different

result was the presence of supervisor in theatre. Based on

the observation that mean operative time reached a low

point at the period of cases 46–50 and on the significant

difference in percentage supervisor presence in theatre, we

think the steady state was reached after approximately 46–

50 interventions for the surgeon.

In general, right colon resections are regarded as simpler

procedures to perform, also requiring less time to perform

[19]. However some studies showed right hemicolectomy

had higher conversion rate [15] and minor complication

rate [19]. Our result showed that right colon resections

resulted in longer operative time, more time to resume soft

diet, and more postoperative complications (postoperative

ileus and reoperation) than rectosigmoidectomy. These

results support our protocol in starting straightforeword

rectosigmoidectomy during initial training period.

Patient safety is a major concern at anytime of a sur-

geon’s career, especially during the training period, and

patient benefit should not be jeopardized by lack of surgical

experience. The current study supported that skill of lap-

aroscopic colectomy can be taught and acquired safely

under this structured training protocol. For surgical fellow

trained in an established centre, a structured training pro-

tocol can be formulated. The protocol should include

standardization of operative steps, instrumentation, and

postoperative care plan. The training surgeon has to

observe at least ten resections, followed by assisting 30–40

cases. The initial cases should be started, preferably rec-

tosigmoidectomy, with direct supervision of an experi-

enced surgeon. Meanwhile, the training surgeon continues

to assist and observe other surgeons. With time, the sur-

gical fellow can operate independently and supervision will

be provided for difficult or complicated cases only.

Several studies suggest that evaluation of surgical per-

formances based solely on operative time is inappropriate

[13–15, 20, 21]. Assessment of a learning curve should also

include surgical outcomes and degree of independence.

The current study demonstrated the performance of a sur-

gical fellow in terms of operative time and operative

Table 5 Surgical outcomes for

laparoscopic-assisted right

colon resection and

rectosigmoidectomy

a Median (range)
b Mann–Whitney U-test
c Chi-squared test or Fisher’s

exact test

Rectosigmoidectomy

(n = 49)

Right colon resection

(n = 26)

p

Time to resumption of soft diet (days)a 4 (3–10) 5 (3–33) 0.001b

Time to first bowel motion (days)a 5 (1–10) 5 (2–12) 0.91b

Time to full ambulation (days)a 4 (1–6) 4 (2–7) 0.08b

Hospital stay (days)a 8 (5–22) 8 (6–43) 0.15b

Wound infection 3 3 0.41c

Retention 3 2 1c

Urinary tract infection 6 2 0.71c

Prolonged ileus 1 5 0.02c

Anastomotic leak 0 1 0.35c

Reoperation 0 3 0.04c

Readmit 3 1 1.0c

Total number of patients with

complications

11 6 0.95c
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morbidity. With appropriate supervision, patient outcome

and safety can be maintained throughout the training

period.

In conclusion, our study shows the training process of a

surgical fellow in performing laparoscopic colectomy. The

surgeon can perform laparoscopic colectomies more inde-

pendently after approximately 50 cases, without jeopar-

dizing the clinical outcome.
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