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Abstract
Background: Previous studies have relied on conversion
rate and operative time for construction of learning
curves in laparoscopic colorectal surgery. The authors
hypothesized that conversion rate and operative time
were less important than complication and readmission
rates in defining good outcomes and hence the learning
curve.
Methods: A database of 287 consecutive laparoscopic
colorectal resections from a single tertiary referral center
was analyzed. Outcome measures included operative
time, conversion rate, major and minor complications,
length of hospital stay, and the 15- and 30-day hospital
readmission rate. Data were analyzed both by surgeons
and by quartile case numbers.
Results: A total of 151 right colectomies and 136 left
colectomies were performed between 1995 and 2005. For
both right and left colectomies, the conversion rate de-
creased in each of the first three quartiles, reaching a
nadir of 0% for right colectomies and 3% for left co-
lectomies in the third quartile. The conversion rates in-
creased slightly in the fourth quartile. The operative
time remained stable for three quartiles, then increased
slightly in the fourth quartile. Two surgeons managed
199 of the 287 cases. Analysis of the two high-volume
surgeons demonstrated that for left-sided resections, the
surgeon with the shorter operative times had the higher
major complication rate (13% vs 2%), overall compli-
cation rate (22% vs 2%), 30-day readmission rate (13%
vs 0%), and length of stay (3.8 vs 3.1 days) (p < 0.05 for
all comparisons).
Conclusions: In this series, operative time failed to de-
crease with experience, and shorter operative times did
not correlate with better clinical outcomes. The failure
of operative time to decline with experience often reflects
surgeons� willingness to attempt more difficult cases ra-
ther than an accurate representation of a ‘‘learning
curve.’’ Therefore, complication and readmission rates

are more important than operative time and conversion
rates for evaluating the learning curve and quality of
laparoscopic colorectal surgery.
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Laparoscopic colon surgery is a technically difficult
procedure that requires advanced training for the sur-
geon. Previous studies have attempted to capture the so-
called ‘‘learning curve’’ in that training process. Most
frequently, technical indicators such as conversion rate
and operative time have been used to measure such
learning curves [8].

We argue that laparoscopic colon surgery and sur-
geons performing laparoscopic colon surgery should be
evaluated no differently than other surgical procedures
and surgeons, with patient outcome considered para-
mount. We further hypothesize that technical improve-
ments reflected by shorter operative time or lower
conversion rate do not always translate into better pa-
tient outcomes. We propose that outcome measures
such as mortality and morbidity rate, length of hospital
stay, and readmission rate not only be incorporated into
future evaluation of any new laparoscopic surgical
procedure, but also be emphasized as the most impor-
tant indicators of surgeon performance.

Patients and methods

Patients

Between October 1995 and June 2005, 287 consecutive laparoscopic
colorectal procedures were performed at the Massachusetts General
Hospital in Boston. This represents our early experience with laparo-
scopic colon surgery (Fig. 1). A database approved by the institutional
review board was constructed retrospectively for evaluation of these
cases. Specifically, patient demographics, indications for surgery, sur-
gical techniques, operative time, and conversion to open surgery wereCorrespondence to: D. W. Rattner
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recorded according to the hospital record. Patient outcome measures
such as major and minor complications, length of postoperative hos-
pital stay, and both 15- and 30-day readmissions also were included in
the database.

Surgeons and surgical techniques

Eight surgeons performed all the laparoscopic colon surgery during the
study period. Among them, two high-volume surgeons performed 70%
(199/287) of the procedures. These two surgeons used similar tech-
niques.

Right-sided colonic resections were performed using a lateral-to-
medial approach. Briefly, the lateral peritoneal attachments of the
right colon were first lysed using the Harmonic Scalpel. The ileocolic
pedicle then was divided intracorporeally using a vascular stapler. The
colon was either first exteriorized through a 5-cm incision by
enlargement of a trocar site followed by resection and primary anas-
tomosis extracorporeally or first anastomosed intracorporeally with
terminal ileum followed by specimen extraction. Most cases (134/151)
in this series were managed with extracorporeal anastomoses.

Left-sided colon resections, including left hemicolectomies,
transverse colectomies including the splenic flexure, sigmoid colecto-
mies, and low anterior resections were performed by first mobilizing
the splenic flexure with the Harmonic Scalpel. The descending and/or
sigmoid colon then were freed from lateral peritoneal attachments and
elevated against the anterior abdominal wall. The inferior mesenteric
artery pedicle was divided with a vascular stapler. The distal sigmoid
colon or rectum was cleared off and divided with an EndoGIA stapler
(US Surgical Corp., Norwalk, CT). The proximal colon then was
exteriorized and transected at the desired proximal margin. The metal
anvil of an EEA stapler (US Surgical Corp., Norwalk, CT) was secured
in the colonic lumen with a purse-string suture. The colon was returned
into the abdomen, and a stapled anastomosis was completed with the
EEA stapler inserted transanally.

The techniques used by the six low-volume surgeons varied. For
example, one surgeon preferred hand-assisted laparoscopic colon
resection, whereas another surgeon exteriorized the colon through a
Pfannenstiel-type incision and divided vessels extracorporeally.

Definition of conversion to open surgery

A case of laparoscopic colon resection is considered converted to open
surgery if an incision is made for any purpose other than anastomosis
or specimen extraction. This determination is made at the time of
surgery by the operating surgeon, as documented by the operative
report. The records of all 26 cases converted to open surgery were
carefully studied to ensure that all surgeons adhered to this uniform
definition consistently throughout the study period.

Data analysis

For purposes of our analyses, cases were first divided into right- and
left-sided resections. Within each group, the cases were further divided
into four quartiles in chronologic order. In general, the first quartile

cases were performed between 1995 and 2000, the second quartile cases
between 2000 and 2001, the third quartile cases between 2002 and
2003, and the fourth quartile cases between 2004 and 2005 (Fig. 1).
Approximately 30 to 40 cases were included in each quarter. Surgical
outcomes including operative time, conversion, major and minor
complications, length of hospital stay, and 15- and 30-day readmis-
sions were calculated for each quartile.

In addition, cases managed by the two high-volume surgeons were
analyzed separately so their individual learning curves could be tracked
accurately for laparoscopic colon surgery. Their surgical outcomes
indicators were compared by Student t-test (for operative time) and
chi-square test (for all other indicators). A p value less than 0.05 was
regarded as statistically significant.

Results

A total of 287 consecutive patients (135 men and 152
women) underwent laparoscopic colon resection be-
tween October 1995 and June 2005. The average patient
age at the time of surgery was 59.5 years (range, 22–
96 years). The indications for surgery were malignant
diseases in 84 patients (73 colon cancers, 6 rectal can-
cers, 1 appendiceal cancer, and 4 carcinoids) and benign
diseases in 203 patients (84 colorectal polyps cases, 94
diverticulitis cases, 17 Crohn�s disease cases, 2 ischemic
colitis cases, 6 others). Analyses of case indications by
quartile failed to show any significant shifts with time,
except for a trend toward more left-sided resections
performed for diverticular disease in the later quartiles
(p = 0.11, chi-square test, data not shown).

Right-sided resections included mostly right colec-
tomies. Left-sided resections included 102 sigmoid co-
lectomies, 12 low anterior resections, 8 transverse
colectomies, and 14 left hemicolectomies. Patient char-
acteristics are summarized in Table 1 for right- and left-
sided resections.

Overall outcomes

Operative time

As shown in Table 2, the mean operative time was
150 min (range, 50–275 min) for right-sided resections
and 181 min (range, 64–371 min) for left-sided resec-
tions. This difference was highly significant (p < 0.05).
Interestingly, the quartile mean operative time did not
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Fig. 1. Case volume by year.

Table 1. Patient Characteristics By Right- vs. Left-Sided Colon
Resections

Right-Sided
(n = 151)

Left-Sided
(n = 136) p Value

Age 61.3 years 57.5 years 0.02
Gender
Male 66 (44%) 69 (51%) 0.24
Female 85 (56%) 67 (49%)

Operative Indication
Cancer 50 (33%) 30 (22%) <<0.0001
Benign polyps 69 (46%) 13 (10%)
Diverticulitis 4 (3%) 90 (66%)
Crohns 16 (11%) 1 (1%)
Others 12 (8%) 2 (1%)
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decrease for right-sided resections, and actually in-
creased slightly for left-sided colectomies over the last
two quartiles.

Conversion to laparotomy

The overall rate of conversion to laparotomy was higher
for left- than for right-sided resections (19% vs 7%;
p = 0.001). Quartile analyses showed that the conver-
sion rate for right-sided resection decreased steadily to a
nadir of 0 in the third quartile, but increased slightly in
the fourth quartile. Similarly, the number of cases con-
verted to open surgery decreased for left-sided resection
as well, reaching a nadir of 3% (1 in 34 consecutive cases)
before increasing slightly in the fourth quartile to 12%.

The reasons for conversion to open surgery varied
between left- and right-sided resections (Table 3). The
majority of right-sided conversions (60%) occurred be-
cause of inadequate mobilization of the colon. In three
cases, the right colon was densely adhered to the pelvic
sidewall. In one case, a cecal cancer was found to invade
the bladder and the sigmoid colon. Two other cases were
converted secondary to the patient�s body habitus.
Obesity prevented adequate mobilization and exterior-
ization of the specimen.

Approximately one-third of the left-sided conver-
sions were secondary to unsatisfactory colorectal anas-
tomosis. These conversions resulted from inability to
complete the rectal dissection (n = 2), inability to fully
advance the EEA stapler transanally (n = 1), rectal
laceration during insertion of the EEA stapler (n = 3),
or unsatisfactory EEA staple line at rigid sigmoidoscope
air insufflation test (n = 3). An unsatisfactory colorec-
tal anastomosis carries with it a high morbidity rate. Of
the nine cases converted for that reason, the patients in
three cases went on to experience postoperative anas-
tomotic leak, which necessitated a colostomy in two
patients and image-guided catheter drainage in the third
patient.

An additional 20% of the left-sided conversions
(n = 5) resulted from inability to mobilize the colon. Of
these five cases, two resulted from inability to mobilize
the splenic flexure during the second quartile. Although
there was no intraoperatively recognized ureteral injury
in this series, two cases of left-sided resection (12%) had
to be converted because of inability to identify or follow
the left ureter.

Complications

There was no surgical mortality in this series of 287
patients. The overall morbidity rate was 13.5% (4.5%
major and 9.1% minor complications). Table 4 catego-
rizes all the complications in this series. Overall, major
surgical complications such as anastomotic leak, ure-
teral injury, intraabdominal abscess, and wound dehis-
cence occurred at a rate less than 1%, respectively. The
only category of major complication that exceeded a
rate of 1% involved access-related injuries. The details of
those four injuries are listed in the footnotes of Table 4.
A total of 13 patients (4.5%) were readmitted for
symptoms of bowel obstruction. This occurred more
frequently after right-sided (6.6%) than after left-sided
(2.2%) resections. All but one patient was treated
expectantly without operative intervention. Although
right-sided resections resulted in fewer major complica-
tions, they were associated with significantly more minor

Table 3. Reasons for Conversion to Laparotomy

Reasons for Conversion
Right-Sided
n = 10

Left-Sided
n = 26

Access Injury (bleeding, enterotomy, etc.) 1 1
Generalized dense adhesion 1 2
Inability to identify lesion 1 2
Inability to mobilize colon 6 5 *
Thickened colonic mesentery 1 3
Inability to identify/trace ureter 2
Unsatisfactory EEA stapled anastomosis 9
Others 2 **

* Inability to take down splenic flexure in two cases
** Hypercarbia due to pneumoperitoneum in one case, planned
conversion to open surgery after splenic flexure mobilization in one
case

Table 2. Overall Patient Outcomes

Operating Time Conversion Complications Readmission LOS

Quartile Mean Median Cases Percentage Major Minor 15 Day 30 Day Mean Median

Right Colectomy, Total (n = 151)

1 to 37 160 152 5 14% 2 5 4 4 5 4
38 to 75 131 128 3 8% 0 6 4 4 3 3
76 to 113 151 151 0 0% 0 5 4 4 3 3
114 to 151 159 162 2 5% 2 2 1 1 4 3
Overall 150 150 10 7% 4 18 13 13 4 3
Percentage 3% 12% 9% 9%
Left Colectomy, Total (n= 136)

1 to 34 172 162 12 35% 5 1 3 3 4 4
35 to 6 171 170 9 26% 2 3 2 3 3 3
69 to 102 191 180 1 3% 1 2 1 2 3 3
103 to 136 188 185 4 12% 1 2 1 2 4 3
Overall 181 171 26 19% 9 8 7 10 4 3
Percentage 7% 6% 5% 7%
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complications. This resulted in comparable overall
morbidity rates for right- and left-sided resections (15%
vs 13%; p = 0.60).

Because of the overall low rates, it is difficult to
discern any progress made in reducing morbidities. The
only convincing trend can be observed in the incidences
of major complications with left-sided resections. There
were five major complications during the first 34 cases (2
anastomotic leaks, 1 trocar-site hernia, 1 epigastric
vessel injury, and 1 evisceration). In the third and fourth
quartiles, however, only one major complication per
quartile was recorded.

Length of stay and readmissions

Unlike open colectomies, for which a standardized
clinical pathway exists [7], there is no uniform postop-
erative pathway for laparoscopic colon surgery at our
institution. Rather, individual surgeons determine
postoperative care and discharge planning for their pa-
tients. Patients typically are discharged when their pain
is well controlled with oral narcotics and they can tol-
erate a liquid diet. They do not have to pass flatus or
have a bowel movement before discharge. In the current
series, the median length of hospital stay for both right-
and left-sided resections was the same at 3 days.

In this series, 8% of the patients required readmis-
sion after their initial discharge from the hospital. This is
similar to an open series previously reported from our
institution [7]. Details of readmissions within 15 and
30 days after surgery are provided in Table 5. Read-
missions were more common after right-sided resections
because ileus or partial small bowel obstruction oc-
curred more often in these patients. Possible explana-
tions for this observation are given in the Discussion
section.

Surgeon-specific outcomes

In addition to comparing right- and left-sided laparo-
scopic colon resections, we also performed in-depth
analyses of the cases managed by the two high-volume
surgeons. During the study period, these two surgeons
managed 96 and 103 cases, respectively. Taken together,
they managed 199 of the 287 cases (70%). Because these
two surgeons started performing laparoscopic colon
surgery at about the same time and adopted similar
operative techniques, their personal first 100 cases may
represent a true learning curve for this procedure.

Tables 6a and 6b list the 199 cases managed by these
two surgeons and their outcomes. For right-sided
resections, surgeon A was slightly faster than surgeon B.
There were no significant differences in conversion rates
or any of the patient outcomes measures (p = NS).

For left-sided resections, surgeon B was faster
than surgeon A (156 vs 182 min; p = 0.002). Both
surgeons had similar conversion rates. Surgeon A�s
patients, however, enjoyed significantly better out-
comes than surgeon B�s patients. Specifically, surgeon
A�s major and minor complication rates were signifi-
cantly lower than those of surgeon B. On the average,
surgeon A�s patients stayed 0.7 day less in the hos-
pital than surgeon B�s patients. In addition, surgeon
A had no readmissions within 30 days, whereas sur-
geon B had a readmission rate exceeding 10% for the
same period.

Postoperative transfusions also were analyzed.
Whereas 10% of surgeon B�s patients (10/103) received
postoperative transfusion (1 to 7 units of packed red
blood cells), none of surgeon A�s patients required
postoperative transfusion. Postoperative transfusion
requirements were significantly correlated with major
complications, but not with minor or overall complica-
tions (Table 7).

Discussion

The current study first reiterates what has been stated in
many other reports [2–4, 8], that laparoscopic colorectal
surgery can be performed safely with minimal risk to

Table 4. Major and Minor Surgical Complications

Right-Sided Left-Sided

Major Complications n = 4 n = 9

Access Injury (bleeding, enterotomy, etc.) 1 * 3 **
Anastomotic Leak 1 2
Ureteral Injury 1
Early Postop SBO requiring re-exploration 1
Mesenteric Vein Thrombosis 1
Wound dehiscence, evisceration 1
Intraabdominal fluid collection, abscess 2

Minor Complications n = 18 n = 8

Ileus/transient SBO requiring readmission 9
Urinary retention/Infection 3 3
Atrial fibrillation 2 3
Pneumonia 1
Postop GI Bleed requiring transfusion 2 1
Postop Jaundice 1
Wound infection, fever 1

* One case of Veress needle injury of the right common iliac artery
** One case of trocar site hernia, one case of trocar injury of inferior
epigastric artery, one case of enterotomy upon entry

Table 5. 15-day and 30-day Readmission

Right-Sided Left-Sided

Readmission within 15 days n = 13 n = 7

Ileus/transient SBO 9 2
Early postop SBO requiring exploration 1
GI bleed 1
Mesenteric venous thrombosis 1
Failure to thrive 1
Anastomotic leak 2
Urinary retention 2
Wound infection 1

Readmission within 15–30 days n = 0 n = 3

Pelvic abscess/collection requiring drainage 2
Non-specific abdominal pain 1
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patients. There was no perioperative mortality in 287
consecutive cases at our institution. Major surgical
complications such as anastomotic leak, ureteral injury,
intraabdominal abscess formation, and wound dehis-
cence all occurred at a rate less than 1%, respectively.
The overall morbidity rate of 13.5% is comparable with
the morbidity rate of 16.7% from a concurrent series of
open colorectal resections performed by a different
surgeon at the same institution [7]. The 30-day read-
mission rate was 8%, which also is comparable with the
readmission rate of 6.5% reported in that open series.
The median length of hospital stay in the series was
3 days, almost 1 day shorter than the median stay of
3.7 days reported for the concurrent open series.

Our results are also in line with those of other pub-
lished laparoscopic colectomy series. Bennett et al. [2]
reported a series of 1,194 laparoscopic colectomies with
an overall conversion rate of 23% and a morbidity rate
of 20%. The Clinical Outcomes of Surgical Therapy
(COST) study of 872 patients reported a conversion rate
of 21% and a morbidity rate of 21% [3]. Recently, Tekkis
et al. [8] published a series of 900 patients undergoing
laparoscopic colon surgery. For right-sided resections,

the conversion rate was 8.1%, and the complication rate
was 20.8%. For left-sided resection, the conversion rate
was 15.3%, and complication rate was 17.8%. Our
conversion rates were 7% for right-sided resections and
19% left-sided resections, and our overall complication
rates were, respectively, 15% and 13%.

In general, right-sided resections are regarded as
simpler procedures requiring less time to perform than
left-sided resections. Curiously, however, our right-sided
resections resulted in more morbidity than our left-sided
resections. Others have reported similar findings [8].
Closer inspection showed that this high morbidity rate
was caused primarily by bowel obstructive symptoms
requiring either prolonged hospitalization after surgery
or readmission after discharge.

We initially hypothesized that the transient ileus/
obstruction phenomenon of right-sided resection was
attributable to the way that extracorporeal anasto-
moses are constructed. Excess traction applied to the
terminal ileum and colon may cause venous congestion
or a small hematoma in the bowel mesentery, which in
turn would cause prolonged edema at the anastomosis
postoperatively. Further analyses, however, showed

Table 6B. Comparison of Left Colectomies Performed by Two High Volume Surgeons

Operative Time Conversion Complication Readmission LOS

Quartile Mean Median Cases Percentage Major Minor 15 Day 31 Day Mean Median

Left Colectomy (Surgeon A) n = 50

1 to 12 181 198 4 33% 1 0 0 0 4.6 4.0
13 to 24 169 176 5 42% 0 0 0 0 2.8 3.0
25 to 37 190 167 2 15% 0 0 0 0 2.6 3.0
38 to 50 186 192 1 8% 0 0 0 0 2.5 2.0
Overall 182 183 12 24% 1 0 0 0 3.1 3.0

2% 0% 0% 0%
Left Colectomy (Surgeon B) n = 56

1 to 14 180 167 5 36% 3 1 3 3 3.8 3.0
15 to 28 153 146 4 29% 1 1 0 0 4.3 3.5
29 to 42 152 155 1 7% 1 2 2 2 3.8 3.0
43 to 56 143 143 1 7% 2 1 1 2 3.4 3.0
Overall 156 154 11 20% 7 5 6 7 3.8 3.0

13% 9% 11% 13%
P Value 0.002 NS 0.04 0.03 0.02 0.01 0.03

Table 6A. Comparison of Right Colectomies Performed by Two High Volume Surgeons

Operative Time Conversion Complication Readmission LOS

Quartile Mean Median Cases Percentage Major Minor 15 Day 31 Day Mean Median

Right Colectomy (Surgeon A) n = 46

1 to 11 153 156 2 18% 0 2 0 0 4.8 5.0
12 to 22 104 108 0 0% 0 0 0 0 2.7 3.0
23 to 34 141 149 0 0% 0 2 2 2 2.8 3.0
35 to 46 140 142 0 0% 1 0 1 1 3.6 2.5
Overall 135 141 2 4% 1 4 3 3 3.5 3.0

2% 9% 7% 7%
Right Colectomy (Surgeon B) n = 47

1 to 11 156 150 1 9% 1 0 0 0 4.5 3.0
12 to 23 138 137 3 25% 0 2 0 0 4.1 3.0
24 to 35 155 156 0 0% 0 3 2 2 3.4 3.0
36 to 47 151 148 1 8% 0 2 1 1 4.8 4.0
Overall 150 142 5 11% 1 7 3 3 4.2 3.0

2% 15% 6% 6%
P Value 0.02 NS NS NS NS NS NS
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that intracorporeal anastomoses actually had a higher
incidence of postoperative bowel obstructive compli-
cations than extracorporeal anastomoses (11.8% vs
5.2%; p < 0.05). It is thus unclear to us why right-
sided resections carry a higher incidence of postoper-
ative ileus than left-side resections, or whether it is
a phenomenon unique only to laparoscopic colon
surgery.

Previous studies have used two technical parameters,
conversion rate and operative time, as convenient sur-
rogates for constructing the learning curve. Reports of
these studies concluded that with practice and experi-
ence, operative time [1], conversion rate [5, 6], or both [4,
8] fall, indicating mastery of laparoscopic colorectal
surgery by the surgeon. On the basis of our data, we
question whether these technical parameters are the
correct surrogates for measuring the learning curve.
When analyzed by quartiles, our mean operative time
for right-sided resections did not change significantly,
and it actually went up for left-sided resections. We
submit that as surgeons become more experienced, they
take on more challenging cases, perhaps offsetting their
increasing operative speed and declining conversion
rate. The same argument has been put forth by others
[8]. Our data demonstrated a trend toward increasing
numbers of left-sided resections being performed for
diverticular disease in the later quartiles. It is generally
more difficult to perform a laparoscopic colon resection
for diverticular disease than to laparoscopically resect
either polyp or early-stage cancer.

Furthermore, when we analyzed the data from the
two high-volume surgeons, we found that the faster
surgeon actually had much higher morbidity rates,
particularly after left-sided resections (Table 6). By
collecting surgeon-specific data, we demonstrated that
operative time alone may not be the best measurement
of where a surgeon stands on his or her learning curve in
performing laparoscopic colorectal surgery. As pains-
taking as it is to collect patient outcome data such as
complication and readmission rates, they are critical for
evaluation of surgical skills.

One limitation of this retrospective study was its
lack of certain patient information such as body mass
index and cormorbidies. Analyses of such information
would have allowed us to quantify case difficulties both
across quartiles and between individual surgeons.

When surgical indications were analyzed by surgeon,
surgeon B was found to have performed more resec-
tions for cancer than surgeon A (data not shown).
However, because the majority of the cancer cases were
early stage, we do not believe that the degree of case
difficulty differed significantly between the two sur-
geons because of indication.

Postoperative blood transfusion was required for
10% of surgeon B�s patients, but not for any of surgeon
A�s patients. Because a significant correlation exists be-
tween postoperative transfusion and major complica-
tion, it can be hypothesized either that blood transfusion
leads to a weakened immune system, and hence com-
plication, or that complication leads to bleeding, and
hence transfusion requirement. Moreover, because two
of the three major complications requiring postoperative
transfusion (enterotomy upon entry and inferior epi-
gastric artery transection) occurred intraoperatively be-
fore any blood transfusion, the latter hypothesis is more
likely to be true.

In conclusion, we caution against establishing arbi-
trary criteria for certifying surgeons to perform new
procedures. Instead, we propose that meaningful patient
outcome data such as mortality, morbidity, and read-
mission rates be used as the major measure of surgeon
competency (i.e., learning curve mastery) for performing
laparoscopic colorectal surgery, or any other advanced
laparoscopic procedures. In a practice environment
where pay-for-performance is imminent, any preemptive
measures taken to ensure quality are likely to be re-
warded.
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