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Abstract
Background—The purpose of this study was to evaluate the adoption of laparoscopic colon
surgery and assess its impact in the community at large.

Study Design—The Surgical Care and Outcomes Assessment Program (SCOAP) is a quality
improvement (QI) benchmarking initiative in the Northwest using medical record-based data. We
evaluated the use of laparoscopy and a composite of adverse events (CAE; death or clinical
reintervention) for patients undergoing elective colorectal surgery at 48 hospitals from 4th quarter
of 2005 through 4th quarter of 2010.

Results—Of the 9,705 patients undergoing elective colorectal surgeries (mean age 60.6 ± 15.6
(SD) yrs; 55.2% women), 38.0% were performed laparoscopically (17.8% laparoscopic
procedures converted to open). The use of laparoscopic procedures increased from 23.3% in 2005
quarter 4 to 41.6% in 2010 quarter 4 (trend over study period, p<0.001). After adjustment (age,
sex, albumin levels, diabetes, body mass index, comorbidity index, cancer diagnosis, year, hospital
bed size and urban vs. rural location), the risk of transfusions [odds ratio (OR) 0.52, 95% CI 0.39–
0.7], wound infections (OR 0.45, 95% CI 0.34–0.61), and CAEs (OR 0.58; 95%CI 0.43–0.79)
were all significantly lower with laparoscopy. Within those hospitals that had been in SCOAP
since 2006, hospitals where laparoscopy was most commonly used also had a significant increase
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in the volume of all types of colon surgery (202 cases per hospital in 2010 from 112 cases per
hospital in 2006, 80.4% increase), and in particular the number of resections for non-cancer
diagnoses and right sided pathology.

Conclusions—The use of laparoscopic colorectal resection increased in the Northwest.
Increased adoption of laparoscopic colectomies was associated with greater use of all types of
colorectal surgery.
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INTRODUCTION
The introduction and rapid adoption of a laparoscopic approach to cholecystectomy
revolutionized the surgical treatment of gallbladder disease. Within a few years of the first
laparoscopic cholecystectomy in 1985, this technique grew to 73.7% of all
cholecystectomies being performed laparoscopically by 1992.1 Laparoscopic
cholecystectomy significant reduced the length of hospitalization and costs.2, 3 Studies have
also demonstrated that the introduction of laparoscopy has led to increased rates of
cholecystectomies being performed in a given region/hospital. 4–7 These studies have
suggested that laparoscopy has led to lowered threshold for intervention such that surgery is
performed for less severe gall bladder disease.

Conversely, despite extensive evidence demonstrating the benefits of laparoscopic colorectal
operations in 2000s8–16, adoption of laparoscopic colorectal operations appears to have been
slower paced.17–19 The technique was first reported in 1991 with one estimate of growth
from 3.6% of colorectal operations being performed laparoscopically in 1994 to 24.3% in
2005.20 These lower adoption rates may be in part due to studies likely underestimating the
number of these operations with the use of administrative datasets. Before October 2008, the
ICD-9-CM procedure code was not specific for laparoscopic colectomies (there are still no
ICD9 procedure codes for laparoscopic low anterior resections). A common strategy
employed to identify these cases involved the use of an inconsistently applied modifier code
for laparoscopy (ICD-9-CM 54.21) or “conversion to open” codes.

Furthermore, most of the reports about the efficacy of laparoscopic colon surgery come from
academic or single center experiences8, 9, 11, 16, 21–25 and have been rather narrowly focused
on technique and comparative outcomes rather than on the impact of laparoscopic
approaches on the threshold for colorectal operations. The purpose of this study was to
assess whether in the community at large the number of colon surgeries changed with the
adoption of the laparoscopic technique and to track the actual rate of adoption and outcomes
of laparoscopy.

To address these issues we evaluated clinical data drawn from hospitals participating in
Washington State’s Surgical Care and Outcomes Assessment Program (SCOAP), a
prospectively-gathered clinical surveillance and benchmarking based quality improvement
(QI) collaboarative (http://www.scoap.org), now implemented at nearly all Washington
statewide hospitals where surgery is performed (n= 60) and some Orgeon hospitals.26 Our
hypothesis was that the use of elective surgery for diverticulitis, for any indication of right
colon resection and the overall use of colon surgery would increase at a higher rate in the
hospitals that had a greater adoption of the laparoscopic technique compared to hospitals
that were slower to adopt laparoscopic surgery.
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METHODS
Study Design

This study was approved by the University of Washington Human Subject Review
Committee and the Washington State Department of Health. We conducted a retrospective
cohort study using an in-hospital clinical registry (SCOAP). There are 60 hospitals currently
participating in SCOAP however only data from 48 hospitals that perform elective
colorectal operations was available by the time of this analysis (see Table, Supplemental
Digital Content 1, which lists the names of the hospitals in SCOAP). We included records of
inpatient hospitalization between 4th quarter of 2005 through 4th quarter of 2010 at the 48
hospitals across the Northwest region that performed elective colon/rectal procedures.

Data Sources and Characteristics
SCOAP records were used to obtain sociodemographic and clinical characteristics.
Operative details including the use of laparoscopy, clinical indications for surgery, operative
time, laboratory values, and post-operative adverse events were taken from documented
hospital records using a set of standard definitions. Monthly quality control teleconferences
with abstractors were used to ensure that charts were being recorded and evaluated in a
similar fashion. Moreover, each hospital had a group of involved surgeons and QI teams
who audited the process of data collection. A yearly auditing of all sites asssured >98% data
validity for all involved metrics.

Variable Definitions
Patient risk factors—We used the Deyo modification of the Charlson comorbidity index
to calculate a weighted index of comorbid conditions for each patient with the information
gathered from clinical charts.27 Scores range from 0 to 3+, where 0 indicates the absence of
comorbid conditions and the score was truncated at 3 and above.

Hospital characteristics—SCOAP records were used to obtain hospital information. We
had information on number of beds, rural vs. urban, and teaching vs. non-teaching status for
each hospital.

Laparoscopy—Method of operation was identified from the operative report and
operating room logs looking for specific identification of open, laparoscopic, laparoscopic
converted to open, and laparoscopic/hand-assisted surgical approaches. The latter three
categories were considered laparoscopic procedures based on an intention to treat basis.

Type of operation—Operations included were right/transverse hemicolectomy, left
hemicolectomy, low anterior resection, total abdominal colectomy, stoma takedown, and
abdominal perineal resection (APR).

Outcomes—The perioperative outcomes of interest was rates of in-hospital mortality,
transfusions, wound infections, clinically relevant leaks, and harvesting of 12+ lymph nodes
(LN) in cancer patients. We also looked at operative time and length of stay (LOS). A
composite of adverse events (CAE) was created as a composite of operative interventions
and deaths. Composite of operative interventions were defined as an in hospital adverse
event that resulted in an unplanned postoperative procedure including a return to the
operating room for a formation of a new ostomy, revision of the anastomosis, re-exploration/
washout, evisceration, operation for postoperative bleeding, or irrigation and drainage of an
intra-abdominal abscess, or a non-operative percutaneous drain placement, and/or operative
drain placement.
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Statistical Analysis
Patient and hospital characteristics were summarized using frequency distributions for
categorical variables, and means and standard deviations for continuous variables stratified
by laparoscopic vs. open approaches. Patients with missing information for a variable were
dropped when performing those analyses involving that variable. With the same
stratification, rates of transfusion, harvesting of 12+ LNs, wound infections, clinically
relevant leaks, in-hospital mortality, and CAEs were summarized using frequency
distributions. Pearson chi-square statistics were used to compare characteristics and
unadjusted event rates. To assess the differences in trend across the years, we obtained the
total number of colorectal operations across calendar years by hospitals categorized into
tertiles of laparoscopy use. After obtaining the Pearson’s correlation coefficient of the
number of colorectal operations over time for each of the tertile groups, we compared the
correlation coefficient with each other using a nonparametric trend test. Operative time and
LOS between laparoscopic and open approaches were compared using the Student’s t-test.
Logistic regression models were created to evaluate the association between laparoscopic
approaches and outcomes adjusting for patient, clinical, and operative characteristics
identified as statistically significant (p<0.05) on univariate evaluation or identified as
clinically important in previous studies. In all our logistic regression models looking at
outcomes, we controlled for hospital effects using multi-level models with hospital-level
random effects.

To assess those factors associated with use of laparoscopy, we created logistic regression
models using indication for surgery (i.e. diverticular vs. cancer) and type of operation (i.e.
right hemicolectomy vs. low anterior resection) as predictor variables adjusting for relevant
patient, clinical, and operative characteristics. We evaluated the impact that laparoscopy had
on the “threshold” surgeons appeared to have in offering elective colorectal operations to
patients evaluating hospitals that had been in SCOAP since 2006 (to evaluate full time
trends). We categorized hospitals into tertiles according to use of laparoscopy in colorectal
surgery. The average number of elective colorectal operations performed per hospital was
calculated for each calendar year based on level of use (highest, mid, lowest tertile) of
laparoscopy. Linear regression model using interaction variables was created to compare the
differences in the trend of case volume of these groups of hospitals (i.e., highest vs. lowest
tertile) over the study period. This was repeated for procedures performed for diverticulitis
and right hemicolectomies (overall and without a cancer diagnosis). STATA was used for all
analyses (Version 11, STATACorp, College Station, TX).

RESULTS
9,705 patients underwent elective colorectal procedures during the 5-year inclusion time
frame, with 3,685 patients (38.0%; mean age 59.1±15.3 yrs; 52.2% women) undergoing a
laparoscopic approach. Over the course of the study period, laparoscopy use increased
(23.3% in 2005 to 41.6% in 2010, p for trend<0.001) (Table 1). The overall conversion rate
was 17.8% (23.5% in 2005 and 18.1% in 2010, p for trend=0.5) (Table 1). In colorectal
operations for cancer, there was a slower rate of increase in laparoscopy use (Table 1).
Patients whose procedures were performed laparoscopically were younger, more likely to be
males, and have less comorbidities, Medicaid insurance, and albumin level lower than 3 g/
dL (Table 2). In considering operative characteristics, laparoscopic approach was used more
for right colectomies and diverticular disease, but less for stoma takedowns, APR, and
cancer operations (Table 2). Those procedures performed laparoscopically were more likely
to be at a hospital with size ≥ 200 beds (p=0.02) and urban location (p<0.001). Teaching
status of the hospital was not associated with more frequent usage of laparoscopy procedures
(Table 2).
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The unadjusted rates of in-patient mortality (0.6% vs. 1.6%, p<0.001), wound infections
(5.6% vs. 10.8%, p<0.001), clinically relevant leaks (4.1% vs. 5.4%, p=0.004), transfusions
(4.3% vs. 9.9%, p<0.001), and CAEs (4.5% vs. 6.5%, p<0.001) were lower among those
who had a laparoscopic operation. Operative time was longer by about 7 minutes (159.2 ±
86.9 vs. 152.7 ± 98.9, p=0.001) and LOS lower with laparoscopy (6.2 vs. 8.6 days,
p<0.001). There were no differences in the rate of harvesting 12+ lymph nodes in cancer
procedures (87.8% for open vs. 87.6% for laparoscopy, p=0.9).

After adjustment for relevant patient and clinical characteristics, the odds of CAEs were
42% lower with laparoscopic approach compared to the open approach (OR 0.58, 95% CI
0.43–0.79) (Table 3). The odds of transfusions (OR 0.52, 95% CI 0.39–0.7) and wound
infections (OR 0.45, 95% CI 0.34–0.61) were all lower for patients undergoing laparoscopic
procedure compared to the open approach (Table 3). Similar trends were noted when these
outcomes were stratified by different type of operations.

After adjustment for calendar year, hospital factors (bed size and urban vs. rural location)
and other patient characteristics (age, sex, albumin levels, diabetes, body mass index,
Charlson’s comorbidity index, and cancer), the odds of laparoscopic use were nearly 2 times
higher for a diagnosis of diverticulitis compared to colorectal operations for any other
indication (OR 2.02, 95% CI 1.7–2.41). After adjustment, the odds of laparoscopy use for
right hemicolectomies were 35% higher compared to any other types of colorectal operation
(OR 1.35, 95% CI 1.19–1.54) (Table 4).

The average colorectal case volume per year of all colorectal operations at any given
hospital was associated with the extent of adoption of laparoscopy (Figure 1A). Hospitals
where surgeons used laparoscopy most frequently (highest tertile) had the greatest increase
in yearly case volume compared to hospitals where surgeons had the lowest rates of
laparoscopic adoption (lowest tertile) (p<0.001). There was no significant increase in the
trend of total cases performed in the middle tertile hospitals compared to the lowest tertile
hospitals (p=0.13). The increase in the numbers of operations for right colon and
diverticulitis from 2006 to 2010 were higher at the highest tertile hospitals (80.1% increase
for right hemicolectomies and 140% increase for diverticulitis) compared to the lowest
tertile hospitals (43.6% increase for right hemicolectomies and 31.3% increase for
diverticulitis) (p<0.001 for both). There were no significant differences for these two
operations between the middle tertile hospitals (27.6% increase for right hemicolectomies
and 64.5% increase for diverticulitis) and the lowest tertile hospitals (p=0.11 for right
hemicolectomies and p=0.23 for diverticulitis) (Figure 1B).

DISCUSSION
In this regional evaluation of patients treated in a wide range of hospitals and by a diverse
group of surgeons throughout Washington State and in Portland, Oregon, we found that the
use of laparoscopy in colorectal operations increased up to 41.6% by 2010. While still lower
in comparison to adoption rates in cholecystectomy and anitreflux surgeries1, 28, these rates
reflect a closer estimate of laparoscopic use because we did not rely on notoriously
inaccurate billing codes. We found that the laparoscopy adoption rates are higher than
national estimates using those less granular data sources. We found that better preoperative
nutritional status, hospital characteristics (urban location and bed size), diverticular diseases,
and right hemicolectomies were factors associated with more laparoscopy use. We observed
the greatest increase in the total number of colorectal operations in the hospitals with the
highest laparoscopy adoption rates. We also found a significant increase in the number of
right colon surgeries and elective surgeries for diverticulitis in these hospitals.
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Reports of laparoscopy use in colorectal operations have varied widely depending on the
data source. Studies using administrative databases (National Inpatient Sample) have
reported rates around 10% in the 2000s (below 10% for cancer cases).17–19 Interestingly,
two studies using the same database in the same time period (2005 to 2007) reported two
different estimates of the percentages of use of laparoscopy in benign diseases (11.8%17 vs.
27.2%18) highlighting the potential for inaccuracies and variations in coding that undermine
the credibility of that data source. In comparison, studies using the NSQIP database29 and
database from American Board of Colon and Rectal Surgery (ABCRS)20 have reported
much higher adoption rates of 31.1% in 2006 to 2007 and 24.3% in 2005, respectively.
Given that hospitals that provide data for NSQIP and ABCRS tend to be large, academic
medical centers, it remains to be determined if these percentages are reflective of the
experience in the general community. This is the first study looking at the utilization rate of
laparoscopy in colorectal operations in a community setting across diverse institutions using
direct data drawn from operative reports. The conversion rates to open procedure have been
reported to be as high as 19% [meta-analysis of 3 randomized controlled trials (RCTs) of
1990s to early 2000s]21 to 36% using an administrative database from 2005 to 2007.17 Other
RCTs have reported much lower conversion rates around 5%.10 We observed an overall
conversion rate of 17.8% from 2006 to 2010 without a significant change over the course of
the study. Other studies suggest that more experience in laparoscopy is associated with a
reduction in operative time, lower conversion rates, and lower intra-operative and
postoperative complications.30–32

There has been extensive evidence in the early 2000s suggesting that laparoscopic
colectomy (LC) provides improved short-term and equivalent long-term outcomes as open
colectomies (OC) for both benign and malignant disease. LC has been demonstrated to be
associated with shorter hospital stays8, 13, faster return of bowel function13, 33, decreased
number of days on narcotics8, 33, improved pulmonary function postoperatively33, shorter
time off work34, increased rates of routine hospital discharge12, 15, 35, and lower rates of
incisional hernias and small bowel obstructions.36, 37, 38 The laparoscopic approach was
associated with an improved 30-day mortality rate in a single-institution randomized study,
while similar rates of 30-day mortality, intraoperative complications, and reoperations have
been noted in multi-institutional trials.8,13 Evidence of whether such benefits extend into
community settings has been limited. SCOAP provided an opportunity to assess the impact
of LC in the community including all level of surgeon skill and training, and all hospital
types and size. In this setting, we found that the adjusted odds of CAEs were 42% lower
with the laparoscopic approach. Similarly, the odds of transfusions were 48% lower and
wound infections were 55% lower for patients undergoing laparoscopic procedure, while
outcomes for malignant cases including the harvesting rates of 12+ lymph nodes were
similar for open and laparoscopic approaches. Despite these benefits, adoption in the
community at large is still limited, with the vast majority of these cases still being performed
in specialized centers. Reasons for this generalized lack of conversion range from lack of
experience and technical skills to complex disease processes associated with colorectal
surgery (i.e. Crohn’s disease, colovesicular fistula), long operative times, and concerns for
oncological outcomes. While there is level 1 evidence suggesting better short term and at
least as equivalent oncologic outcomes as open procedures8, 11, 13, 16, 23, 25, 39, we found no
increase in the use of laparoscopy for cancer operations.

The slow adoption rate has also been attributed to technical challenges of laparoscopy in
colorectal operations requiring a steep learning curve with significant number of
cases.18, 30, 32, 40 As expected, there was a positive relationship between laparoscopy use
and right hemicolectomy while a negative association was seen with a more technically
challenging low anterior resections to support this theory. Urban location of the hospital,
hospital size less than 200 beds, and higher albumin levels were also associated with
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increased likelihood of using laparoscopy when adjusted for other variables. It is unclear
why hospital size less than 200 beds was associated with increased use. It may be that there
are more dedicated colorectal or surgeons with minimally invasive training in these centers.
Larger hospital size may not be as important in increased laparoscopy use as having
surgeons who are trained in laparoscopic colorectal operations.

Introduction of laparoscopy in cholecystectomies led to an increased number of operations
per capita in the 1990s.5 Similarly, we found that the number of all colorectal procedures
(open and laparoscopic) increased most significantly in the hospitals with the greatest
adoption of laparoscopy compared to those hospitals with low laparoscopy adoption rates. A
similar pattern was again observed when looking just at colectomies that were performed for
right sided disease or for a diagnosis of diverticulitis. This may indicate that increased
laparoscopy use, particularly for technically more straight forward procedures and for non-
oncologic indications, has led to lowered threshold for surgeons to perform these types of
operations. If surgeons were simply attempting to use laparoscopy more for right colon
surgery and/or elective surgery for diverticular disease then we would only observe a shift in
the proportion of open to laparoscopic surgeries. This would not have an impact on the total
number of the surgeries. Another explanation for this finding may relate to an increasing
incidence of diverticular disease or right hemicolectomies over time at newly joining
SCOAP hospitals. To address some of these concerns, we restricted our analysis to hospitals
that were in SCOAP since 2006. It may also be possible that hospitals that were increasingly
performing laparoscopic surgery began capturing a greater proportion of the elective colon
surgery marketplace.

There are some limitations to our study. There may have been unobserved factors associated
with changes in laparoscopy use and case volume. As we focused on elective operations,
patients may have self-selected to undergo operations at high laparoscopy centers. Although
SCOAP comprises a rich clinical dataset, it lacks information on surgeon factors such as
experience and training. Increased number of patients may have been referred to new
colorectal surgeons with more training in laparoscopic surgery. In the SCOAP network most
hospitals have 1–2 surgeons doing most of the colorectal resections, and separate doctor-
level analysis was not performed secondary to low number of procedures by clinicians and a
lack of an accurate surgeon identification variable. We adjusted for hospital sites in our
hierarchical modeling. This study provides the most recent experience of laparoscopy with
data from 2010. The disadvantage is that SCOAP started in 2006 and we do not have a
comparison data on laparoscopy use and outcomes prior to the publication of the pivotal
trials that sanctioned the use of laparoscopy. Our study represents the experience in
Washington State and may not be representative of other states. However, the strength of
SCOAP data is that its results are drawn from hospitals and communities of all types across
nearly the entire State of Washington and some in Oregon. Lastly, to further address the
issue of shifting threshold for operations, in 2010 SCOAP began collecting data about the
severity of diverticulitis, number of prior episodes, hospitalizations, and other parameters
that might be helpful in assessing the issue of changing thresholds. Since only one year of
data is available we were unable to include those data points in this analysis.

In conclusion, the utilization rate of laparoscopy in colorectal surgery increased to 41% in
2010. Laparoscopic resection was associated with lower risk adjusted rates of wound
infections, transfusions, and composite adverse events compared to open resections.
Indication for operation (diverticular diseases vs. malignant conditions), and technical ease
of procedure (right hemicolectomies vs. low anterior resections) were associated with the
increased adoption of laparoscopy. The total case volume, particularly for right
hemicolectomies and colectomies for diverticular disease, was related to the degree of
adoption of laparoscopy at hospitals suggesting that with the adoption of laparoscopy has
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come a change in the threshold for surgical interventions similar to that seen after the
introduction of laparoscopic cholecystectomy. Assessing whether or not a change in
threshold for operation has occurred requires more robust data about operative decision
making including patient and physician perspectives.
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Figure 1.
Growth of colorectal operations in hospitals with different adoption rates of laparoscopy.
Hospitals that had been in SCOAP since 2006 were categorized into tertiles of low (n=4),
middle (n=6), high use (n=3) of laparoscopy using individual hospital’s aggregate data from
2006 to 2010. Using hospitals with data from 2006 to 2010, average numbers of elective
colorectal operations per hospital per year are graphed for each calendar year for (A) Overall
and (B) grouped by right hemicolectomies (non-cancer indications) and diverticular disease.
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Table 1

Use of Laparoscopy in Elective Colorectal Operation from 2005 to 2010, for Overall (n=9,705) and for Cancer
Indications (n=3,568).

Total no. of cases (no. of
hospitals)

Open, no. of cases (%) Laparoscopic, no. of cases
(%)*

Laparoscopic converted to
open, no. of cases (%)†

Overall, n (%)

 2005‡ 146 (8) 112 (76.7%) 34 (23.3%) 8 (23.5%)

 2006 794 (13) 566 (71.3%) 228 (28.7%) 36 (15.8%)

 2007 1,227 (17) 792 (64.5%) 435 (35.5%) 83 (19.1%)

 2008 1,808 (27) 1,119 (61.9%) 689 (38.1%) 108 (15.7%)

 2009 2,647 (40) 1,631 (61.6%) 1,016 (38.4%) 187 (18.4%)

 2010 3,083 (48) 1,800 (58.4%) 1,283 (41.6%) 233 (18.2%)

 Overall 9,705 6,020 (62.0%) 3,685 (38.0%) 655 (17.8%)

Cancer, n (%)

 2005‡ 44 (4) 31 (70.5%) 13 (29.5%) 3 (23.1%)

 2006 353 (12) 261 (73.9%) 92 (26.1%) 18 (19.6%)

 2007 491 (17) 348 (70.9%) 143 (29.1%) 37 (25.9%)

 2008 624 (26) 405 (64.9%) 219 (35.1%) 32 (14.6%)

 2009 946 (39) 607 (64.2%) 339 (35.8%) 69 (20.4%)

 2010 1,110 (45) 684 (61.6%) 426 (38.4%) 73 (17.1%)

 Overall 3,568 2,336 (65.5%) 1,232 (34.5%) 232 (18.8%)

*
p-value <0.001 for trend across calendar years for both overall and cancer indications.

†
This cohort is also included in the laparoscopic column based on an intention to treat basis.

‡
In 2005, we have only the 4th quarter data.
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Table 2

Patient Sociodemographics and Hospital Characteristics Stratified by Open vs. Laparoscopic Procedures from
2005 to 2010

Open Laparoscopic p Value

Patient demographics

 n 6,020 3,685

 Age, y, mean ± SD 61.6 ± 15.6 59.1 ± 15.3 <0.001

 Female sex, n (%) 3,424 (56.9) 1,922 (52.2) <0.001

 Diabetes, n (%) 944 (15.7) 480 (13.0) <0.001

 Smoker, n (%) 1,087 (18.2) 617 (16.9) 0.1

 Medicaid, n (%) 461 (7.8) 171 (4.7) <0.001

 Immunosuppression, n (%) 398 (6.6) 216 (5.9) 0.1

 Albumin less than 3 g/dL, n (%) 590 (17.8) 165 (10.2) <0.001

 Body mass index, kg/m2, mean ± SD 27.7 ± 7.4 27.9 ± 6.5 0.14

 Charlson’s Comorbididty index, n (%) <0.001

  0 4,187 (69.6) 2,696 (73.2)

  1 1,373 (22.8) 768 (20.8)

  2 370 (6.1) 170 (4.6)

  3+ 90 (1.5) 51 (1.4)

  Mean± SD 0.4 ± 0.7 0.3 ± 0.6

 Indication for procedure, n (%)

  Malignancy 2,336 (38.8%) 1,232 (33.4%) <0.001

  Diverticular disease 1,043 (17.4%) 1,088 (29.8%) <0.001

 Type of operation, n (%)

  Right hemicolectomy 1,989 (30.0) 1,351 (36.7) <0.001

  Left hemicolectomy 1,137 (18.9) 612 (16.6) 0.005

  Low anterior resection 2,201 (36.6) 1,412 (38.3) 0.08

  Total colectomy 401 (6.7) 243 (6.6) 0.9

  Stoma takedown 256 (4.3) 39 (1.1) <0.001

  Abdominal perineal resection 79 (1.3) 10 (0.3) <0.001

Hospital characteristics

 n 5,909 3,600

 Hospital size ≥ 200 beds, n (%)* 4,983 (84.3%) 3,102 (86.2%) 0.02

 Urban, n (%)* 5,549 (93.9%) 3,491 (97.0%) <0.001
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Open Laparoscopic p Value

 Residency, n (%)* 3,136 (53.1%) 1,954 (54.3%) 0.25

Missing number of data for each variable is as follows (the missing data were not included in the denominator when calculating the percentages): 3
for sex, 15 for diabetes, 69 for smoking, 93 for Medicaid insurance, 16 for immunosuppression, 388 for BMI, 4,805 for albumin, 53 for indication
for procedure, 0 for type of operation, and 196 missing information for the 3 hospital characteristics listed.

*
We had hospital characteristics information on 42 out of the 48 hospitals. There were 23 hospitals with ≥ 200 beds, 13 urban hospitals, 9 hospitals

with residency programs/affiliation.
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