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PURPOSE: The purpose of this paper is to establish the
number of cases necessary to master laparoscopic removal
of the left or right colon. METHODS: Data were obtained by
chart review and by individually completed questionnaires.
RESULTS: A total of 144 laparoscopic-assisted or intracorpo-
real right or left hemicolectomies were completed by four
surgeons at separate institutions. Questionnaires were com-
pleted by each surgeon for each sequential hemicolectomy,
and data concerning the type of surgery and total operating
time were recorded. Times were plotted to diagram indi-
vidual learning curves for each surgeon, and data grouping
methods were used to determine the curve for each sur-
geon as well as for the combined data base. Learning was
said to have been completed when the surgeon’s operative
time reached a low point and subsequently did not vary by
more than 30 minutes. A total of 78 right colectomies and
66 left colectomies were completed by the group. Respec-
tively, each surgeon appeared to learn the procedure after
16, 21, 11, and 6 cases. When the entire database was
analyzed as a whole, it was shown that between 11 and 15
completed colectomies were needed for learning, after
which operative times remained relatively stable. CONCLU-
SIONS: This analysis, using total operative time as an indi-
cation of learning, shows that approximately 11 to 15 com-
pleted laparoscopic colectomies are needed to comfortably
learn this procedure. [Key words: Colon; Laparoscopy; Re-
section; Surgeryl]

Simons AJ, Anthone GJ, Ortega AE, Franklin M, Fleshman J,
Geis WP, Beart RW Jr. Laparoscopic-assisted colectomy

learning curve. Dis Colon Rectum 1995;38:600-603.
aparoscopic colon resection has recently become
L a viable alternative for many patients requiring
surgery for various types of colonic pathology. Much
data have been collected concerning the safety, effi-
cacy, and feasibility of this procedure.”” The Ameri-
can Society of Colon and Rectal Surgeons has estab-
lished a national database for collection of data

concerning this new technique.
Many surgeons have tended to avoid this proce-
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dure, perhaps because of the fear that excessive skills
and time would be required for learning. It is impor-
tant to define the “learning” period that surgeons can
anticipate as they adopt this technique. The purpose
of this study is to define a “learning curve” for the
procedure of laparoscopic colectomy.

MATERIALS AND METHODS

The initial experiences of four accomplished laparo-
scopic surgeons were examined in an attempt to deter-
mine how many completed colectomies were required
for each surgeon to comfortably leamn the procedure.
Questionnaires were sent to four surgeons at separate
institutions who agreed to provide data on their initial
experiences with laparoscopic colon resection. Data
were collected only on completed right or left colecto-
mies, and operative time (from skin incision to skin
closure) was recorded. These times were then sequen-
tially plotted for each surgeon to provide individual
profiles. Data grouping techniques were used to sim-
plify the appearance of each surgeons’ surgical time line.
This was achieved by grouping each five consecutive
procedures together and determining their mean.® Se-
quential means were plotted to provide a surgical time
line or learning curve for each surgeon and then for the
collective procedures performed by all surgeons.

A surgeon was said to have learned the procedure
once the first nadir of operative time had occurred,
and the time of subsequent procedures did not vary
by more than 30 minutes. Data were also collected
concerning each surgeon’s operative technique, i.e,,
information concerning intracorporeal or extracorpo-
real vascular ligation and anastomosis.

RESULTS

A total of 144 laparoscopic colectomies were com-
pleted by the group. Seventy-eight were right colec-
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Table 1.
Completed Laparoscopic Colectomy

Right Left Total
Surgeon 1 3 25 28
Surgeon 2 33 8 41
Surgeon 3 19 18 37
Surgeon 4 23 15 38
Totals 78 66 144

tomies, and 66 were left/sigmoid colectomies (Table
1. There was some variation of surgical technique
seen among the four surgeons. Surgeon 1 used intra-
corporeal vascular ligation and an intracorporeal
anastomosis for all cases. Both surgeon 2 and surgeon
3 used intracorporeal vascular isolation and an extra-
corporeal anastomosis for all cases. Surgeon 4 used
extracorporeal vascular ligation in his first several
cases but has subsequently used intracorporeal liga-
tion for nearly all cases. He practices extracorporeal
anastomosis for right colectomies and intracorporeal
anastomosis for left colectomies.

Using the previously described data grouping tech-
niques, surgical time lines or learning curves were
drawn for each surgeon as well as for the combined
procedures of all surgeons (Fig. 1). Surgeon 1 learned
the procedure between his 16th and 20th cases, at
which point his mean operating time was 116 min-
utes. Surgeon 2 learned after completing between 21
and 25 cases, corresponding to 2 mean operative time
of 144 minutes. Surgeon 3 learned between cases 11
and 15; mean opera[ﬁve time was 90 minutes. Surgeon
4 learned between cases 6 and 10; mean operative
time was 129 minutes. Analyzing the combined data,
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the number of completed colectomies required for
learning was between 11 and 15, which corresponded
to a mean operative time of 130 minutes.

DISCUSSION

Gradual experience has been gained with the tech-
nique of laparoscopic colectomy since initially being
reported by multiple authors in 1991.°7*? Only re-
cently has enough data been accumulated for most
series to conclude that the procedure can be com-
pleted safely, with acceptable morbidity and mortal-
ity. Although operative times were not closely scruti-
nized in these early papers, we believe this is
appropriate. Conversion to open procedures and
somewhat longer operating times seen in the early
evolution of this procedure should not be considered
a failure but rather a reflection of mature surgical
judgment and an expected, even necessary, occur-
rence for the technique to be safely developed and
refined.

Few studies have specifically noted operative time
in their data. Monson et al.? reported 2 mean time of
210 (range, 120-310) minutes for 17 completed right
hemicolectomies and a mean time of 240 (range,
150-330) minutes for 7 completed left hemicolecto-
mies in early series. No attempt was made to diagram
a leaming curve, although the authors noted that
“skills increased progressively throughout the series.”
Falk et al? also did not specifically search for a learn-
ing curve in their series; however, one surgeon’s ex-
perience with laparoscopic sigmoid resection was ex-
amined, and analysis showed a 50 percent relative

Minutes
190
170 +
150 3
130 4
1104
90 -
X
70 —‘
15 6-10 115 16-20 21-25 26-30 31-34 35+
Procedure Numbers
-©-SURGEON 1 ~}~ SURGEON 2 ¢~ SURGEON 3 =% SURGEON 4
-=-Overali

Figure 1. Laparoscopic-assisted colectomy.
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decrease in operative time over a ten-month period.
Learning appeared to occur somewhere between
seven and eight cases, although only 12 total cases
were plotted. Peters and Bartels® diagrammed the
curve of their first 11 laparoscopic right colectomies,
and in this case, approximately five to six cases ap-
peared to be required for learning. These findings are
all consistent with the conclusions in this study.

Because small case numbers often were a problem
in these early series, we attempted to overcome this
by combining the experiences of several surgeons
with over 25 completed laparoscopic colectomies
each. To produce a homogenous and well-defined
model, only completed colectomies were included,
and only right and left/sigmoid colectomies were an-
alyzed. Although these two procedures differ in com-
plexity,’® our experience and that of others® has
shown that they are comparable procedures, with
operative times varying by less that 30 minutes (left
colectomy generally taking longer than right colecto-
my). Total colectomies, low anterior resections, trans-
verse colectomies, and abdominoperineal resections
were not included in this series.

The definition of learning is arbitrary. Some have
used minimization of operative complications' to
imply that learning has occurred. Because of limited
case numbers, we chose to look at operative time.
Learning curves and an eventual plateau were able to
be demonstrated for each of the surgeons in our
series. Surgeons 1 and 2 gained their experience by
performing predominately left or right colectomies
only, and their curves appear straightforward, with
gradual learning and an eventual plateau. Surgeon 3
shows a similar curve; however, his learning experi-
ence was equally divided between left and right co-
lectomies. Surgeon 4 appeared to learn early, with an
initial nadir seen between 6 and 10 cases. His opera-
tive times subsequently became longer until after ap-
proximately 25 cases, when times again decreased
dramatically. During this surgeon’s early learning ex-
perience (first 20 cases), 75 percent of procedures
were right colectomies. Later (i.e., cases 21 to 30), 70
percent of procedures were left colectomies. There-
fore, this may actually represent two learning curves,
an early curve showing gradual familiarity with right
colectomy followed by a second curve representing
the gradual learning of left colectomy. This explana-
tion is supported by the recent description of a “grad-
uated complexity scale” seen for various laparoscopic
colon procedures.?

Dis Colon Rectum, June 1995

Differences between various surgeons’ time lines
are best explained by individual operative techniques
and pace. Prior laparoscopic experience will aiso be
an important factor in determining a surgeon’s ability
to learn more complex laparoscopic procedures, such
as colectomy. Undoubtedly, the question of creden-
tialing of surgeons for these more complex proce-
dures will arise, and this series may serve as a guide.
Surgeons in this model were accomplished laparo-
scopic surgeons, and these numbers may reflect op-
timum circumstances. More important than the actual
number of completed cases will be the individual
surgeon’s previous experience, adequate instruction
in advanced laparoscopic techniques, and use of
common sense and sound surgical judgment during
the learning period.

CONCLUSIONS

This analysis, using total operative time as an indi-
cation of learning, shows that approximately 11 to 15
completed laparoscopic colectomies are needed to
comfortably learn this procedure.
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