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Evaluation of the Learning Curve in Laparoscopic
Colorectal Surgery

Comparison of Right-Sided and Left-Sided Resections

Paris P. Tekkis, MD, FRCS,*7} Antony J. Senagore, MD, MS, FACS,}
Conor P. Delaney, MCh, PhD, FRCSL§ and Victor W. Fazio, MD, MS*

Objective: To provide a multidimensional analysis of the learning
curve in major laparoscopic colonic and rectal surgery and compare
outcomes between right-sided versus left-sided resections.
Summary Background Data: The laparoscopic learning curve is
known to vary between surgeons, may be influenced by the patient
selection and operative complexity, and requires appropriate case-
mix adjustment.

Methods: This is a descriptive single-center study using routinely
collected clinical data from 900 patients undergoing laparoscopic
surgery between November 1991 and April 2003. Outcome mea-
sures included operation time, conversion rate (CR), and readmis-
sion and postoperative complication rates. Multifactorial logistic
regression analysis was used to identify patient-, surgeon-, and
procedure-related factors associated with conversion of laparoscopic
to open surgery. A risk-adjusted Cumulative Sum (CUSUM) model
was used for evaluating the learning curve for right and left-sided
resections.

Results: The conversion rate for right-sided colonic resections was
8.1% (n = 457) compared with 15.3% for left-sided colorectal
resections (n = 443). Independent predictors of conversion of
laparoscopic to open surgery were the body mass index (BMI) (odds
ratio [OR] = 1.07 per unit increase), ASA grade (OR = 1.63 per
unit increase), type of resection (left colorectal versus right colonic
procedures, OR = 1.5), presence of intra-abdominal abscess (OR =
5.0) or enteric fistula (OR = 4.6), and surgeon’s experience (OR 0.9
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per 10 additional cases performed). Having adjusted for case-mix,
the CUSUM analysis demonstrated a learning curve of 55 cases for
right-sided colonic resections versus 62 cases for left-sided resec-
tions. Median operative time declined with operative experience
(P < 0.001). Readmission rates and postoperative complications
remained unchanged throughout the series and were not dependent
on operative experience.

Conclusions: Conversion rates for laparoscopic colectomy are de-
pendent on a multitude of factors that require appropriate adjustment
including the learning curve (operative experience) for individual
surgeons. The laparoscopic model described can be used as the basis
for performance monitoring between or within institutions.

(Ann Surg 2005;242: 83-91)

aparoscopic colorectal surgery has been used for inflam-
matory, benign and malignant disease entities and has
been shown to reduce postoperative pain and length of
hospital stay, provide faster recovery, and shown to be
cost-effective in comparison to open surgery.' As the demand
for laparoscopic colorectal surgery increases, patient selec-
tion, case-mix, and laparoscopic outcomes such as conversion
rates are expected to vary between surgeons and institutions.
Laparoscopic surgery requires a high degree of special
resolution, dexterity, and technical skills. An initial training
period is usually required for the majority of surgeons to
become proficient in these complex procedures by continuous
repetition of these tasks. As a result, one would anticipate that
to become technically proficient at laparoscopic colorectal
resections may require a longer training period than simpler
procedures such as cholecystectomy.” This initial training
period or learning curve often consists of a steep gradient,
which varies between surgeons and procedures, representing
the rapid change in the ability to complete the task until
“failure” is eliminated or reduced to a minimum constant rate.
Ramsay et al** reviewed 272 articles, which formally as-
sessed the learning curve in minimal access (51%), other
surgical (41%), and diagnostic (8%) procedures. The majority
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of studies used simple graphs (44%), arbitrarily splitting of
the data into chronologic groups and performing univariate
statistics with (9%) and without (60%) tests for trend. Ad-
vanced multivariate techniques were used sparingly (4%) and
the Cumulative Sum (CUSUM) technique was used in only
2% of all studies without any formal adjustment for the
patient risk factors or case mix.

The aim of the study is to provide a risk-adjusted
multidimentional analysis of the learning curve in laparo-
scopic colorectal surgery and compare surgeon-specific and
patient-specific outcomes between right- and left-sided resec-
tions. Particular emphasis is given to the adjustment of
potential confounding factors (patient case-mix and proce-
dural risk factors) that may affect the learning curve in
colonic and rectal surgery.

PATIENTS AND METHODS

Consecutive patients undergoing elective or emergency
colorectal surgery between November 1991 and April 2003
by the laparoscopic approach at the Cleveland Clinic Foun-
dation were identified from the institutional review board
approved database.” The database provided a comprehensive
dataset comprising of patient demographic characteristics,
preoperative assessment, surgical treatment, postoperative
course, pathology section, intraoperative and postoperative
complications, readmission within 30 days, and length of stay
in hospital. The study population was divided into 2 groups
according to the type of operation performed: 1) right-sided
colonic resections included ileocolic resection, right-hemico-
lectomy, and extended right-hemicolectomy; and 2) left-sided
colonic resections included left hemicolectomy, sigmoid co-
lectomy, and rectosigmoidectomy.

Study End Point and Risk Factors

The primary end-point was conversion of laparoscopic
to open surgery defined an “early or unplanned” need for a
midline laparotomy or an abdominal incision greater than 10
cm, for either completion of the operative procedure or
extraction of the specimen. Secondary end-points were pa-
tient readmission to hospital within 30 days followings dis-
charge, postoperative complications within 30 days from
surgery, and operative time calculated from the first skin
incision to the application of dressings in theater. Patient-
specific, procedure-specific, and surgeon-specific factors
were considered, comprising age, gender, BMI, diagnosis,
American Society of Anesthesiology classification, operative
procedure, operative time, cancer staging according to the
preoperative and perioperative clinical findings, and histo-
logic TNM classification for colorectal cancer. Intraoperative
factors included the presence of intra-abdominal phlegmon,
abscess, enteric-related fistulae, and adhesive tenacity
(classed as no adhesions, loose filmy adhesions that can be
separated by blunt dissection, adhesions requiring <50% or
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>50% of sharp dissection for separation, serosal injury, full
thickness injury). Operative experience was represented as
each individual surgeon’s case sequence number. The oper-
ative sequence was categorized into 8 levels of increasing
operative experience, each level representing 25 cases, except
the highest group, which denoted experience beyond 175
cases.

Statistical Analysis

Continuous variables such as age and BMI were cate-
gorized into quartiles representing groups of increasing risk
of conversion to open surgery. To reduce the influence of
outlying values such as operative time, these were trans-
formed logarithmically, thus assuming a near-normal distri-
bution. Information on intraoperative risk factors was not
recorded before January 2001 and to maximize the informa-
tion extracted from the predictor variables the technique of
median imputation was used to substitute for incomplete
data.® True adjustment for intraoperarive factors was feasible
for the last 2 years of the study. Risk factors with a univariate
P value of <0.25 were included in the multivariate logistic
regression model. Each risk factor was manually entered into
the model starting from the most relevant; smallest P value,
and adding each factor in-turn. By observing the odds ratios,
the 95% confidence intervals for each new factor, we were
able to ascertain whether each variable should remain in the
model or not. The final variable selection was based on
clinical relevance and statistical significance. Operative ex-
perience is a surgeon-dependent variable; and although it was
included in the final multifactorial model, this is merely done
for illustrative purposes. It was not used in the estimation of
the probability of conversion to open surgery and in the
calculation of the risk-adjusted CUSUM chart.

Risk-Adjusted Cumulative Sum (RA-CUSUM)
Chart

This is an extension of the original CUSUM method,
which plots the difference between the cumulative expected
laparoscopic conversions (calculated by the logistic regres-
sion model in this study) and the actual conversions to open
surgery. The RA-CUSUM plot gives a visual representation
on how far a surgeon’s or group of surgeons’ cumulative
laparoscopic conversions are above or below the predicted
cumulative conversions, taking into account the expected risk
associated with a particular caseload.”® Every case in the
series is plotted from left to right on the horizontal axis, and
the line moves up for every case completed laparoscopically
and down for every case that is converted to open surgery.
For each patient, the probability of conversion to open sur-
gery is determined by the logistic regression model, which in
turn determines the magnitude by which the graph ascends or
descends. For every nonconverted case, the graph ascends by
an amount equal to the estimated probability of conversion
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and for every case that is converted the graph descends by an
amount equal to the estimated probability of nonconversion.
Therefore, if a laparoscopic case is converted in a high-risk
patient, the surgeon’s performance chart is not unduly penal-
ized. The converse is true if conversion occurs in a low-risk
patient. In the present study, the RA-CUSUM graph evalu-
ated the learning curve for right-sided and left-sided resec-
tions for a number of surgeons; therefore, each case number
represented the aggregated observed minus expected conver-
sions for all staff during their first laparoscopic case, second
case, and so on.

Software
The following statistical software package was used:
“Statistical Package for the Social Sciences” version 11 for

Windows (SPSS, Chicago, IL) and MLwiN Version 1.2
(University of London) for multilevel modeling.

RESULTS

A total of 900 patients (461 men and 439 women)
underwent laparoscopic colorectal surgery during the study
period. The average age in the series was 50.3 £ 18.7 years
(range, 10.1-92.4 years), and the average BMI was 25.8 *=
5.1 kg/m? (range, 14.1-49.2 kg/m?). Surgery was performed
for malignant disease in 176 cases (19.6%), diverticulitis in
289 cases (32.1%), inflammatory bowel disease in 218 cases
(24.2%), and other pathologies in 72 cases (8.0%). The
patients’ preoperative characteristics, diagnosis, staging, and
intraoperative factors for right-sided and left-sided resections

TABLE 1. Distribution of Patient-Related Factors and Intraoperative Factors by Type of Colonic/Rectal
Resection
Right-Sided  Left-Sided Right-Sided  Left-Sided
(n = 457) (n = 443) (n = 457) (n = 443)
Risk Factor (%) (%) Risk Factor (%) (%)

Age group* Previous abdominal surgery
<35 169 (38.3) 21 (4.7) No 108 (23.6) 127 (28.7)
35-50 99 (20.8) 138 (31.2) Yes 77 (16.8) 110 (24.8)
50-65 86 (17.7) 171 (38.6) Not recorded 272 (59.5) 206 (46.5)
>65 103 (23.2) 113 (25.5) Intra-abdominal abscess

Gender No 101 (22.1) 110 (24.8)
Male 218 (47.7) 243 (52.9) Yes 12 (2.6) 23 (5.0)
Female 239 (52.3) 200 (45.1) Not recorded 344 (75.3) 310 (69.9)

ASA grade* Intra-abdominal fistula
I 66 (14.4) 19 4.3) No 104 (22.8) 123 (27.8)
11 252 (55.1) 253 (57.1) Yes 12 (2.6) 13 (2.9)
nr-1v 125 (27.4) 155 (35.0) Not recorded 341 (74.6) 307 (69.3)
Unknown 14 (3.0) 16 (3.6) Intra-abdominal phlegmon*

Body mass index* No 84 (18.4) 61 (13.3)
<22 140 (30.6) 41 (9.2) Yes 32 (7.0) 74 (16.3)
22-25 129 (28.2) 102 (23.0) Not recorded 341 (74.6) 308 (67.4)
25.1-28.5 80 (17.5) 140 (31.6) Intra-abdominal adhesions*
>28.5 85 (18.6) 139 (31.4) No or <50% 68 (14.9) 44 (9.9)
Unknown 23 (5.0) 21 (4.7) >50% 41 (9.0) 84 (19.0)

Operative urgency Not recorded 348 (76.1) 315 (71.1)
Elective 446 (97.6) 439 (99.1) T-stage
Unknown 11(2.4) 4(0.9) Adenomas/TO 12 (14.5) 10 (10.7)

Diagnostic group* T1 13 (15.7) 16 (17.2)
Benign polyps 126 (27.6) 19 (4.3) T2 9 (10.8) 13 (14.0)
Cancer 83 (18.2) 93 (21.1) T3 43 (51.8) 45 (48.4)
IBD 209 (45.7) 9(2.0) T4 5(6.0) 4(4.3)
Diverticulitis 2(0.4) 287 (65.1) Unknown T stage 1(1.2) 5(5.3)
Other 37 (8.1) 35(7.9)

*Statistical significance at P < 0.05.
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TABLE 2. Laparoscopic Conversion, Postoperative Complication, and Readmission Rates
Following Colorectal Surgery Categorized According to Patient-, Procedural-, and
Surgeon-Related Factors

Postoperative
Conversion Complications Readmission
Risk Factor % P % P % P
Age group (yr) 0.192 0.040 0.702
<35 7.8 18.1 8.3
35-50 11.3 16.7 6.5
50-65 12.0 17.7 9.3
>65 14.6 26.4 9.0
Gender 0.056 0.045 0.467
Female 9.6 16.6 7.7
Male 13.7 21.9 9.1
ASA grade 0.001 0.061 0.454
I 3.5 10.6 7.1
11 9.9 19.2 7.6
-1v 16.4 22.1 10.1
Body mass index 0.001 0.218 0.062
<22 6.6 14.9 5.6
22-25 8.7 19.9 9.6
25.1-28.5 11.8 19.1 5.5
>28.5 18.3 23.2 11.3
Operative urgency 0.691 0.553 0.808
Elective 11.6 19.4 8.4
Unknown 13.3 13.3 6.7
Diagnostic group 0.020 0.032 0.260
Benign polyps/FAP 6.2 20.7 8.3
Cancer 17.0 26.7 8.6
IBD 9.2 19.7 11.7
Diverticulitis 11.8 14.9 6.0
Other 15.7 15.7 7.5
Prior abdominal surgery 0.470 0.210 0.007
No 11.1 16.6 7.5
Yes 134 21.4 15.9
Intra-abdominal abscess <0.001 0.672 0.020
No 6.6 18.5 10.4
Yes 343 14.3 20.0
Intra-abdominal fistula <0.001 0.433 0.047
No 8.4 17.6 9.7
Yes 32.0 24.0 23.8
Intra-abdominal phlegmon 0.092 0.999 0.617
No 7.6 17.9 11.9
Yes 14.2 17.9 9.8
Intra-abdominal adhesions 0.249 0.790 0.191
No or <50% 7.1 17.0 10.1
>50% 13.6 20.0 12.2
TNM stage (T-stage) 0.014 0.042 0.050
Adenomas/TO0 5.9 20.9 9.2
T1 17.2 24.1 0.0
(Continued)
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TABLE 2.

(Continued) Laparoscopic Conversion, Postoperative Complication, and

Readmission Rates Following Colorectal Surgery Categorized According to Patient-,

Procedural-, and Surgeon-Related Factors

Postoperative
Conversion Complications Readmission
Risk Factor % P % P % P
T2 22.7 18.2 9.1
T3 15.9 28.4 5.7
T4 333 44.4 333
Bowel resection 0.001 0.262 0.023
Right-sided 8.1 20.8 10.5
Left-sided 15.3 17.8 6.2
Operative experience <0.001 0.369 0.834
0-25 cases (n = 111) 20.7 14.4 7.3
25-50 cases (n = 100) 14.0 17.0 7.1
50-75 cases (n = 100) 18.0 18.0 8.3
75-100 cases (n = 95) 13.7 20.0 10.3
100125 cases (n = 75) 10.7 16.0 5.3
125-150 cases (n = 61) 11.5 24.6 13.1
150-175 cases (n = 50) 10.0 30.0 8.0
>175 cases (n = 308) 5.5 20.1 8.5
Total (n = 900) 11.7 19.3 8.4

are shown in Table 1. The patients’ age, ASA grade, BMI,
diagnosis, and presence of intraoperative phlegmon and ad-
hesions differed significantly between right-sided and left-
sided procedures (P < 0.05). Right-sided resections included
155 (17.2%) ileocolic resections, 151 (16.8%) right hemico-
lectomies, 137 (15.2) extended right hemicolectomies,
whereas left-sided resections included 419 (46.5%) rectosig-
moidectomies and 38 (4.2%) left hemicolectomies; 889 of
900 (98.7%) procedures were performed by one of 4 staff.
The 2 senior staff performed laparoscopic surgery from1991
to 1998 and 1999 to 2003 and did 310 and 348 cases,
respectively. The 2 junior staff were trained at the Depart-
ment of Colorectal Surgery, Cleveland Clinic Foundation
between 1997 and 1999 and 2000 and 2003 and performed
136 and 95 cases, respectively. With regards to the patient
case selection, during the late part of the study left-sided
resections were more frequently performed (54.9% versus
40.5%, P = 0.050) on patients with higher comorbidity (P =
0.034) with complex diverticular disease or cancer (P =
0.003).

Conversion to Open Surgery

The conversion rates to open surgery, 30-day readmis-
sion rates, and postoperative complication rates for various
risk factors are shown in Table 2. The rate of conversion to
open surgery for right-sided resections was 8.1% (95% CI,
5.8%—-11.0%) and for left sided resections 15.3% (95% ClI,

© 2005 Lippincott Williams & Wilkins

12.1%-19.0%) (x> test = 11.485,1 df, P = 0.001). Reasons
for conversion included: tumor fixity or inadequate distal
clearance, n = 11 (9.6%); adhesions and inflammation, n =
38 (36.1%); abscess/fistula, n = 15 (14.2%); bleeding, n = 11
(10.4%); obesity, n = 11 (10.5%); poor views, n = 7 (6.7%);
and other, n = 12 (11.4%).

The relationship between BMI and conversion rate for
right-sided and left sided resections is shown in Figure 1.
Increasing BMI was shown to be associated with a higher
conversion rate; adjusted odds ratio of 2.117 per 10 units
increase in BMI, CI, 1.43-3.133. Having adjusted for the
BMI, left sided resections were 1.701 times more likely to
undergo conversion than the right-sided resections 95% CI,
1.084-2.67.

On multivariate analysis, 6 factors were found to be
independent predictors of conversion of laparoscopic to open
surgery: the ASA grade, BMI, type of surgery, intra-abdom-
inal abscess or fistula, and the operative experience. These
factors are shown in Table 3 together with the 3-coefficients,
the odds ratios, and the 95% confidence intervals. First-order
interactions between these independent risk factors were also
considered, but none of these exceeded the significance
threshold for inclusion into the model. Having adjusted for
confounding variables, there was a 5.1-fold and 3.8-fold
increase in the likelihood of conversion to open surgery
during the first 25 cases and 25 to 50 cases, respectively, in
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FIGURE 1. Effect of body mass index and type of resection
(right-sided versus left-sided) on the conversion rate in lapa-
rosopic colorectal surgery.

comparison with the conversion rate following operative
experiences beyond 175 cases. The model fitted the data well,
as evidenced by the calibration Hosmer-Lemeshow ¢ statistic
(9.692, 8 df, P = 0.287), representing the ability of the model
to assign the correct probability of outcome to individual
patients. The model discrimination (the ability to assign
higher probability of conversion to patients who are actually
converted) was satisfactory as shown by the area under the
receiver operating characteristic curve of 0.759 (95% CI,
0.710-0.807).

The learning curve for right-sided laparoscopic proce-
dures for all staff (» = 7) is shown in Figure 2. The expected
conversion rate for each patient was calculated by excluding
the operative experience for each surgeon from the multivar-
iate model. A visual inspection of the aggregated risk-ad-
justed CUSUM plot showed that the conversion to open
surgery was more frequent (ie, more negative values) at the
beginning of the series and improved after the 55th consec-
utive case. The learning curve for left-sided laparoscopic
bowel resections is shown in Figure 3. Following an initial
training period of 40 cases, the conversion rate remained
stable upto the 62nd case followed by an improvement in the
conversion rate.

Readmission and Complication Rates
Readmission rate for right-sided resections was
10.5% (n = 47) and 6.2% (n = 27) for left sided resections
(x> test = 5.137,1 df, P = 0.023). Postoperative compli-
cation rates were similar between the 2 groups of patients
(20.8% versus 17.8% for right and left-sided resections
respectively). The type of adverse events included anasto-
motic leaks 2.6% (n = 24), bleeding/hematoma 1.6% (n =
15), superficial and deep abdominal sepsis 2.8% (n = 26),
postoperative ileus 3.7% (n = 34), bowel obstruction 2.3%
(n = 21), and other medical complications 6% (n = 54).
The study did not demonstrate a significant learning curve
based on the 30-day readmission rate or the postoperative
complication rate. On multifactorial logistic regression

88

TABLE 3. Multifactorial Analysis of Patient-, Procedure-,
and Surgeon-Related Factors Associated With Conversion
of Laparoscopic to Open Surgery

Risk Factor B Odds Ratio 95% CI P
ASA grade
lorll 0 1
1 1.074 2.928 0.864-9.919 0.084
IV orV 1.699 5.468 1.603-18.656 0.007
Body mass index
(kg/m?)
<22 0 1
22-25 0.461 1.586 0.707-3.557  0.263
25-28.5 0.738 2.091 0.947-4.617 0.068
>28.5 1.171 3.226 1.500-6.938  0.003
Type of surgery
Right-sided 0 1
resection
Left-sided 0.122 1.130 0.962-1.32 0.136
resection
Intra-abdominal
abscess
No 0 1
Yes 1.597 4.936 1.657-14.70  0.004
Intra-abdominal
fistula
No 0 1
Yes 1.616 5.034 1.406-18.02 0.013
Operative
experience
0-25 cases 1.643 5.168 2.470-10.813 0.000
25-50 cases 1.342 3.826 1.671-8.758  0.001
50-75 cases 1.517 4.557 2.032-10.222 0.000
75-100 cases 1.193 3.297 1.414-7.685 0.006
100125 cases 1.009 2.743 1.079-6.973  0.034
125-150 cases 0.926 2.524 0.954-6.680  0.062
150175 cases 0.629 1.875 0.623-5.647 0.264
>175 cases 0 1
Model constant —5.921

analysis (not shown), ASA grade (OR per unit increase for
ASA = 1.359; 95% CI, 1.021-1.810) and conversion to
open surgery (OR = 1.742; 95% CI, 1.076-2.820) were
the only 2 independent predictors of postoperative mor-
bidity. Significant predictors for readmission following
laparoscopic colorectal surgery were left-sided resections
(OR = 0.467; 95% CI, 0.235-0.93), prior abdominal
surgery (OR = 2.221; 95% CI, 1.143—4.31), and presence
of intra-abdominal fistula (OR = 3.943; 95% CI, 1.251-—
12.42). Having adjusted for confounding variables, the
readmission rate and complication rate remained stable
chronologically throughout the study period.

© 2005 Lippincott Williams & Wilkins
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FIGURE 2. Learning curve for laparoscopic surgery for right-
sided colonic resections for all staff at CCF. A risk-adjusted
CUSUM chart is displayed for a series of 457 consecutive
patients. The predicted conversion rate to open surgery was
calculated based on a multivariate model based on the patient
BMI, comorbidity, type of resection, presence of intra-abdom-
inal fistulae, and abscesses.
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FIGURE 3. Learning curve for laparoscopic left-sided colonic
resections for all staff at CCF.

Operative Time

The median operating time for the first 25 procedures
was 180 minutes (range, 60—430 minutes) and was longer in
comparison with all other groups of operative experience
(Fig. 4). Median operating time at the end of the series (>175
cases) was 115 minutes (range, 35—490 minutes). On multi-
variate analysis of covariance, having adjusted for the risk
factors that affected operating time (patient age: F; g5; = 8.823,
P = 0013; BMIL: F, g3 = 6405, P = 0.012; and gender:
F| 823 = 7.362, P = 0.007), a statistically significant difference
in operating time (ie, reduction) was demonstrated with increas-
ing operative experience (F; g,; = 10.030, P < 001). There was
no significant difference in the operating time between right-
sided and left sided resections (P = 0.115).

DISCUSSION
The first step in the evaluation of the learning curve of
any surgical intervention is the selection of an appropriate
outcome measure that indirectly acts as a proxy in the
measurement of the ability of a surgeon to perform that
particular task on a temporal basis. Such outcome variables
can be classified into 2 distinct categories: 1) measures of

© 2005 Lippincott Williams & Wilkins
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FIGURE 4. Box plots of median operative time grouped
according to the level of operative experience. ANOVA =
F, 823 = 10.030; P < 001. Asterisks denote statistical signifi-
cance at a P value of <0.05.

clinical process and task efficiency and 2) measures of patient
outcome and quality assurance. The present study provided a
multidimensional evaluation of the learning curve in left- and
right-sided colorectal resections by addressing multiple indi-
cators of surgical performance. These included operative
time, conversion to open surgery, postoperative complica-
tions, and readmission rates, the first 2 addressing the process
of care and the latter 2 representing patient outcomes as a
surrogate markers of clinical effectiveness.

Previous publications have suggested that the learning
curve in laparoscopic colorectal surgery ranges from 30 to 70
cases with the exception of Simons et al® who reported a
learning curve of 11 to 15 cases in a series of 144 patients.
Schlachta et al,> in a series of 461 patients, reported a
learning curve of 30 cases, Bennet et al'® reported a learning
curve of 40 cases among 1194 patients, and Dincler et al''
suggested that 70 to 80 cases may represent the learning
curve for sigmoid colectomy. In the present study, the learn-
ing curve for right-sided colectomies was calculated as 55
cases and 62 cases for left-sided resections. Although these
estimates may seem high for most trainee surgeons, these
should only be used as guidance as the series began in the
early 1990s at the time when technology and operative
efficiency was inferior by today’s standards, and these limit-
ing factors may not be applicable in the modern era of
laparoscopic surgery. In a recent multi-institutional random-
ized controlled trial of open versus laparoscopic colorectal
surgery,'? the participating surgeons had performed at least
20 laparoscopically assisted colectomies with a conversion
rate of 21%. The study did not demonstrate any disadvantage
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in the oncologic clearance of the cancer and similar recur-
rence rates between the 2 groups. The study investigators
concluded that “any decrease in conversion rates would need
to result from refining the process of patient selection, rather
than from altering oncologic indications for conversion.”

One other possibility for the progressive improvement
in outcomes could be a result of patient section as suggested
by Agachan et al'* who stopped performing laparoscopic
subtotal colectomies early in their series. In the present study,
we adopted a less stringent policy for laparoscopic case
selection and indeed the proportion of more challenging and
high-risk cases rose with increasing experience. During the
late part of the study, left-sided resections were more fre-
quently performed on patients with higher comorbidity with
complex diverticular disease. There is a natural tendency for
experienced surgeons to be more liberal in their process of
patient selection with the passage of time,'* and appropriate
adjustment should be made to accommodate this change in
case-mix. The present study provided a unique example of
how predictive models of surgical outcomes can be used to
evaluate surgical proficiency and characterize the learning
profile of laparoscopic colorectal surgery by incorporating
case-mix adjustment. A novel model is described based on a
large patient cohort with sufficient power to make appropriate
adjustment for patient-related factors, such as comorbidity
and BMI, as well as procedure-related factors, which in-
cluded the type of surgery, intraoperative abscess, and fistula.

Laparoscopic conversion to open surgery is known to
vary among studies: 7% to 25% in large series and 2% to 41%
in smaller series.'>'® Although conversion itself is not a
complication, it is associated with a greater postoperative
morbidity,'® as reflected in the results of our study. Risk
factors associated with conversion to open surgery have been
well described in the literature such as BMI,!” excessive
tumor bulk,'® adhesions,'® diverticular phlegmon, Crohn’s
mass,”® and operative experience.>?! Such studies have
mainly focused on procedural or disease subsets, thus restrict-
ing their sample size, with conflicting information on the
interrelation of these risk factors with outcome.*

Various studies have also shown that the number of
intraoperative laparoscopic-related complications, conversion
rate, and morbidity and mortality rates decreased with in-
creasing experience.?'** Operative experience showed a dis-
tinct influence on operating time in the present study, which
is well documented by other investigators.?!-+2

However, we did not demonstrate a reduction in the
readmission rate and complication rate with increasing expe-
rience despite a significant reduction in the operating time
and conversion rate. The possible explanation for this para-
dox is the significant shift toward more complex and high-
risk cases in the later part of the series, thus resulting in an
overall stable complication and readmission rate. Similar
findings were reported by Marusch et al*' in a multicenter
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study of 1658 patients, which showed that surgeons with
experience of more than 100 laparoscopic colorectal opera-
tions were more likely to embark on more difficult cases with
a conversion rate of 4.3% versus 6.9% for surgeons with
experience of less than 100 procedures yet identical postop-
erative mortality and morbidity between the 2 groups.

CONCLUSION

The current study suggests that that it is possible to
perform more difficult laparoscopic procedures with increas-
ing experience without increasing postoperative morbidity.
Because of the apparent shift in the case-mix and the multi-
tude of factors that affect outcomes in laparoscopic colorectal
surgery, appropriate case-mix adjustment should be made
before any meaningful comparisons of task efficiency are
made between or within centers. The reduction in the steep-
ness of the learning curve poses a challenge to both trainees
and trainers. Possible strategies include formal training
courses in laparoscopic colorectal surgery, close intraopera-
tive supervision by expert practitioners, and assistance from
other well-trained staff.?
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