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T he use of elective laparoscopic colectomy for can-
cer in Canada is not known. Compared to open 
colectomy, laparoscopic colectomy reduces surgi-

cal pain and intraoperative blood loss and, subsequently, 
the physiologic stress response.1 By 2004, evidence from 
randomized controlled trials showed that elective laparo-
scopic colectomy for colon cancer can be performed safely, 
with treatment-related mortality rates similar to those 
with open colectomy, while providing for accelerated in-
hospital recovery, reduced duration of hospital stay and 
reduced postoperative pain/narcotic requirements.2–6 Also, 
the completeness of surgical resection (as measured by the 
number of lymph nodes included in the specimen) and 
oncologic outcomes (in terms of 3- and 5-year disease-free 
and overall survival rates) were similar with laparoscopic 
and open colectomy.2–6 Since 2004, the effectiveness and 

safety of laparoscopic colectomy for cancer have also been 
established in population-based studies.7–9

The primary objective of our study was to examine the 
uptake of elective laparoscopic colectomy in Canada and to 
compare its use among Canadian provinces (except Quebec). 
As secondary objectives, we 1) analyzed predictors of lap-
aroscopic colectomy and 2) compared perioperative death 
and postoperative length of stay between the laparoscopic 
and open colectomy groups.
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Background: Evidence from randomized controlled trials published since 2004 shows that elective laparoscopic colectomy for colon 
cancer improves short-term postoperative outcomes with equivalent oncologic outcomes compared to open colectomy. The objective 
of this study was to examine the uptake of elective laparoscopic colectomy in Canada and compare its use among Canadian 
provinces.

Methods: In this descriptive analysis, we identified from hospital discharge abstracts all patients in the Canadian provinces (except 
Quebec) who underwent elective colectomy for colon cancer between 2004/05 and 2014/15. We compared temporal changes in the 
proportion of patients who underwent laparoscopic colectomy or open colectomy among provinces using logistic regression.

Results: Of 63 504 patients who underwent elective colectomy between 2004/05 and 2014/15, 19 691 (31.0%) underwent laparo-
scopic colectomy. The annual proportion of patients who underwent laparoscopic colectomy increased from 9.2% in 2004/05 to 51.5% 
in 2014/15 (mean annual percent increase 4.2%). There were significant differences between provinces in the overall proportion of 
patients who underwent laparoscopic colectomy (p < 0.001), ranging from 7.6% in Newfoundland and Labrador to 36.9% in Ontario. 
By 2014/15, most colectomy procedures were performed laparoscopically in 3 provinces; British Columbia (60.2%), Ontario (59.4%) 
and Alberta (53.1%). In addition to year and province, urban residence, younger age, female sex, fewer medical comorbidities, high 
surgeon volume, high hospital volume and right-sided tumours were significantly associated with increased likelihood of laparoscopic 
colectomy.

Interpretation: Although the use of laparoscopic colectomy increased rapidly between 2004/05 and 2014/15 in Canada, substantial 
interprovincial variation exists. Further knowledge-translation strategies are needed to ensure equal access to laparoscopic colectomy 
for all Canadians.
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Methods

Design
We performed a descriptive analysis of the annual proportion 
and uptake (mean annual percent change) of elective laparo-
scopic colectomy for cancer in all Canadian provinces except 
Quebec in the decade following publication of the seminal 
randomized controlled trials.2–6 We analyzed the association 
between patient and system variables and the use of laparo-
scopic colectomy as well as differences in rates of in-hospital 
death and postoperative length of stay with laparoscopic ver-
sus open colectomy.

Patients
This study included all patients who underwent elective colec-
tomy for colon cancer in Canada except Quebec between 
Apr. 1, 2004, and Mar. 31, 2015. Patients from Quebec were 
not included as data from that province are not reported to 
the Canadian Institute for Health Information. With the pub-
lication of randomized controlled trial evidence of the efficacy 
of elective laparoscopic colectomy for cancer,2–6 2004 is widely 
viewed as the tipping point in the adoption of the procedure 
by the surgical community.10

Data source
We obtained our data from the Canadian Institute for 
Health Information Discharge Abstract Database.11 We 
identified patients with an International Classification of 
Diseases and Related Health Problems, 10th revision, Canada12 
code for primary diagnosis of colon cancer (C18.0–18.9 or 
C19) and a Canadian Classification of Health Interven-
tions13 procedure code for colectomy (1.NM.87, 1.NM.89, 
1.NM.91 or 1.NQ.87). We differentiated open and laparo-
scopic colectomy using Canadian Classification of Health 
Interventions codes (Appendix 1, available at www.
cmajopen.ca/content/6/3/E384/suppl/DC1). Our selection 
of diagnostic and procedure codes is consistent with codes 
validated by ICES.14 As of 2004, therapeutic data in the Dis-
charge Abstract Database from all provinces were classified 
in a common manner according to the Canadian Classifica-
tion of Health Interventions, which includes specific codes 
for laparoscopic colectomy.10 Before 2004, the Canadian 
Classification of Diagnostic, Therapeutic, and Surgical 
Procedures used procedure modifier codes to indicate lapa-
roscopic colectomy, which is known to significantly under-
estimate its use.15,16

Inclusion criteria
The study was limited to patients aged 18 years or more. To 
allow for provincial location, patients had to have a valid 
Canadian postal code.

Exclusion criteria
To best identify a cohort eligible for both open and laparo-
scopic colectomy, we excluded patients with multivisceral 
resection, concomitant hepatic metastasectomy or emergency 
presentation (peritonitis, bowel obstruction or admission via 

the emergency department), and those who were pregnant 
(Appendix 2, available at www.cmajopen.ca/content/6/3/
E384/suppl/DC1).

Statistical analysis
We compared baseline characteristics of the laparoscopic and 
open colectomy groups using means for continuous variables 
and proportions with 95% confidence intervals for discrete 
variables. The number and proportion of patients who under-
went open or laparoscopic colectomy were reported by prov-
ince and year. We conducted all analyses using Stata 14 
(StataCorp).

Predictors of laparoscopic colectomy
Laparoscopy is preferred in elective colectomy; however, 
patient demographic and clinical factors such as age, sex, med-
ical comorbidities, rural/urban residence, geographic location 
and year of surgery, and system factors such as surgeon and 
hospital colectomy volume may determine the surgical 
approach.17–19 We included these variables in a logistic regres-
sion analysis.

We defined medical comorbidities according to the 
Elixhauser Comorbidity Index, which has been shown to 
outperform other measures of comorbidity, including the 
Charlson Comorbidity Index, when applied to administra-
tive data.20–22 We determined rural/urban residence accord-
ing to the forward sortation area based on the first 3 digits 
of the Canadian postal code. For average annual hospital 
and surgeon volumes, we calculated the average number of 
colectomy procedures for years in which at least 1 colec-
tomy procedure was performed for each surgeon and hospi-
tal. We categorized the average volumes into quartiles and 
then dichotomized them into high (≥ 75th percentile) and 
low (< 75th percentile), respectively. Therefore, a high-
volume surgeon would, on average, perform more than 
7 colectomy procedures per year, and at least 37 colectomy 
procedures would be performed annually in a high-volume 
hospital. We assessed the association between laparoscopic 
colectomy and each predictor variable using univariate 
logistic regression. Variables with a p  value ≤ 0.2 were 
included in an initial multivariate logistic regression model. 
The final multivariate model included all variables with a 
p value < 0.05. Associations were reported as odds ratio and 
95% confidence interval for univariate analyses and as 
adjusted odds ratio and 95% confidence interval for multi-
variate analyses.

To assess the effects of clustering, we compared the mean 
proportion of provincial laparoscopic colectomy procedures 
per patient to that of surgeons and the mean proportion of 
provincial laparoscopic colectomy procedures of surgeons to 
that of institutions using a 1-tailed paired t test.

Postoperative outcomes
We compared mean postoperative length of stay (defined as 
number of days from the day of surgery up to and including 
the day of discharge) and rates of in-hospital death between 
the laparoscopic colectomy and open colectomy groups using 
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the Student t test and the χ2 test, respectively. Patients who 
died in hospital were excluded from analysis of length of stay.

Ethics approval
This study was approved by the Research Ethics Board of the 
Nova Scotia Health Authority, Halifax.

Results

Across the 9 provinces, the Discharge Abstract Database iden-
tified 105 302  records of patients who underwent colectomy 
for colon carcinoma between 2004/05 and 2014/15. Applying 
the exclusion criteria yielded 63 504  records (Figure 1); 
19 691 patients (31.0%) underwent laparoscopic colectomy, 
and 43 813 (69.0%) underwent open colectomy. Patient and 
system characteristics of the 2 groups are presented in Table 1 
and Appendix 3 (available at www.cmajopen.ca/content/6/3/
E384/suppl/DC1). Although the differences in demographic, 
clinical and system factors were statistically significant owing 
to the large cohort size, some of the differences were of mod-
est clinical significance.

Use and uptake of elective laparoscopic colectomy
The overall use of elective laparoscopic colectomy and open 
colectomy for colon cancer in Canada from 2004/05 to 
2014/15 is depicted in Figure 2. Over that period, the number 
of patients who underwent colectomy for colon cancer annu-
ally increased from 5601 to 5976. The proportion of patients 
who underwent laparoscopic colectomy increased from 9.2% 
in 2004/05 to 51.5% in 2014/15. The increase in laparoscopic 
colectomy use over time appeared linear, with an average 
annual percent change of 4.2%.

Main or preadmission diagnosis of
colon cancer identified by CIHI

database search
n = 105 302

Main or preadmission diagnosis of
colon cancer
 n = 104 925

Excluded: no valid postal
code  n = 377

Excluded  n = 41 421
• Complex resection  n = 18 303
• Peritonitis at admission  n = 2412
• Admitted via emergency department
 n = 20 684
• Pregnant  n = 22

Final sample
n = 63 504

Figure 1: Flow diagram showing cohort selection. Note: CIHI = 
Canadian Institute for Health Information.

Table 1: Patient demographic and clinical characteristics 
and system characteristics for patients who underwent 
elective laparoscopic or open colectomy for colon cancer 
between 2004/05 and 2014/15 in Canada (excluding Quebec)

Variable

Group; no. (%) of patients*
(95% CI)

Laparoscopic
n = 19 691

Open
n = 43 813

Age, yr, mean ± SD 69 ± 12
(68.8–69.1)

70 ± 12
(69.8–70.1)

Sex

    Male 10 416 (52.9)
(52.2–53.6)

24 158 (55.1)
(54.7–55.6)

    Female 9275 (47.1)
(46.4–47.8)

19 655 (44.9)
(44.4–45.3)

Elixhauser 
Comorbidity Index 
score

    0 12 854 (65.3)
(65.0–66.0)

28 176 (64.3)
(64.0–65.0)

    1–3 6714 (34.1)
(33.4–34.8)

15 297 (34.9)
(34.5–35.4)

    > 3 123 (0.6)
(0.5–0.8)

340 (0.8)
(0.7–0.9)

Residence

    Rural 3253 (16.5)
(16.0–17.1)

10 560 (24.1)
(23.7–24.5)

    Urban 16 438 (83.5)
(82.9–83.9)

33 253 (75.9)
(75.5–76.3)

Surgeon volume

    Low (1–7) 5771 (29.3)
(28.7–29.9)

17 681 (40.4)
(39.9–40.8)

    High (8–37) 13 920 (70.7)
(70.1–71.3)

26 132 (59.6)
(59.2–60.1)

Hospital volume

    Low (1–36) 5301 (26.9)
(26.3–27.5)

20 100 (45.9)
(45.5–46.4)

    High (37–102) 14 390 (73.1)
(72.5–73.7)

23 713 (54.1)
(53.7–54.6)

Resection type

Right 
hemicolectomy

10 004 (50.8)
(50.1–51.5)

19 902 (45.4)
(44.9–45.9)

    Left hemicolectomy 5809 (29.5)
(28.9–30.1)

12 200 (27.8)
(27.4–28.3)

    Anterior resection 2706 (13.7)
(13.3–14.2)

8403 (19.2)
(18.8–19.6)

    Other 1172 (6.0)
(5.6–6.3)

3308 (7.6)
(7.3–7.8)

Note: CI = confidence interval, SD = standard deviation.
*Except where noted otherwise.
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The annual proportional use of laparoscopic colectomy by 
province is presented in Figure 3. Newfoundland and Labra-
dor had the lowest uptake of the procedure, with a mean 
annual percent change of 0.6% per year, such that only 11.2% 
of patients in the province were treated laparoscopically in 
2014/15. The greatest increase in the use of laparoscopic 
colectomy was observed in Prince Edward Island, where the 
proportion increased from 1.9% in 2012/13 to 43.1% in 
2014/15. An overall average annual percent change of 4.7% 
was seen in Ontario, with a particularly steep increase of 9.5% 
between 2005/06 and 2006/07. In 2014/15, 59.4% of patients 
with colon cancer in Ontario underwent laparoscopic colec-
tomy. The highest average annual percent change, 5.3%, was 
observed in British Columbia, with 60.2% of patients under-
going laparoscopic colectomy in 2014/15. By 2014/15, the 
majority of patients (53.1%) with colon cancer in Alberta 
underwent laparoscopic colectomy.

Predictors of use of laparoscopic colectomy
Factors associated with the use of laparoscopic colectomy are 
presented in Table 2. On univariate analysis, laparoscopic 
colectomy was more commonly used in urban patients, those 
treated at high-volume hospitals and by high-volume sur-
geons, and those who underwent right hemicolectomy. All 

variables remained statistically significant and were included 
in the final regression model. Multivariate analyses showed 
year of surgery to be the strongest predictor of laparoscopic 
colectomy: patients were 9.3 times more likely to undergo 
laparoscopic colectomy in 2014/15 than in 2004/05. Adjusted 
provincial differences were also substantial, with patients in 
Newfoundland and Labrador being 86.0% less likely to 
undergo laparoscopic colectomy than those in Ontario. Urban 
residence, younger age, high surgeon volume and high hos-
pital volume were significantly associated with increased 
likelihood of laparoscopic colectomy, whereas male sex, medical 
comorbidities, age greater than 80 years, left-sided resection 
and multisegment resection were associated with lower likeli-
hood of the procedure.

Assessment of clustering
The mean proportion of laparoscopic colectomy procedures 
per surgeon was lower than that per patient (0.26 v. 0.31, p = 
0.02) and was lower per institution than per surgeon (0.23 v. 
0.26, p = 0.02). This reflects a clustering of the procedure 
within physicians and additional clustering within institutions, 
with more procedures being performed by high-volume sur-
geons and in high-volume hospitals (Appendix 4, available at 
www.cmajopen.ca/content/6/3/E384/suppl/DC1).
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Figure 2: Number of overall, open and elective laparoscopic colectomy procedures for colon cancer in Canadian provinces 
except Quebec, 2004/05 to 2014/15.
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Early postoperative outcomes
The in-hospital mortality rate was lower among patients who 
underwent laparoscopic colectomy than among those who 
underwent open colectomy (0.8% v. 2.0%, p < 0.001). Over-
all, length of stay was shorter by an average of 2.94 days (stan-
dard deviation 7.5 d) for patients who underwent laparoscopic 
colectomy than for those who underwent open colectomy 
(p < 0.001).

Interpretation

We found that the overall proportion of laparoscopic 
colectomy procedures increased over time in 9  Canadian 
provinces, from 9.2% in 2004/05 to 51.5% in 2014/15. 
We observed significant interprovincial variation in the 
annual use and uptake of the procedure. By 2014/15, rates 
of use ranged from 60% in British Columbia to 11% in 
Newfoundland and Labrador. Compared to patients who 
underwent open colectomy, patients who underwent lapa-
roscopic colectomy had a lower in-hospital mortality rate 
and a shorter postoperative length of stay. Factors that 
increased the likelihood of laparoscopic colectomy 
included later year of study, younger age, fewer medical 
comorbidities, urban residence, right hemicolectomy, high 
surgeon volume and high hospital volume. It is therefore 
not surprising that provinces with older populations and 
higher rural/urban ratios had lower uptake of laparoscopic 
colectomy.

The magnitude of the increase in the use of laparo-
scopic colectomy observed in Canada is comparable to 
that reported in the United Kingdom but lower than in 
South Korea, the Netherlands and the United States.23–26 
Significant regional variation in laparoscopic colectomy 
rates have been described, for example, ranging from 0% to 
96% among hospitals in the Netherlands and from 0% 
to 67% across hospital referral regions in the US.25,27 Sur-
geon preference is an important determinant of variation 
and is guided primarily by training and experience, as well 
as institutional culture.28 Financial incentives for laparo-
scopic colectomy may also influence surgeon behaviour. 
The introduction of a 25% fee premium for laparoscopic 
colectomy in Ontario may have been a factor in the 
increased uptake observed between 2005/06 and 2006/07.8 
However, similar laparoscopic fee codes introduced in 
British Columbia and Nova Scotia in 2011 did not have 
the same effect.

Randomized controlled trials showed a similar in-hospital 
mortality rate, enhanced postoperative recovery with shorter 
postoperative length of stay and equivalent oncologic outcomes 
of elective laparoscopic colectomy and open colectomy.2–5 
These were subsequently confirmed by population- based 
studies, although some investigators reported lower in-
hospital mortality with laparoscopic colectomy.7,8,29–31 Our 
pan-Canadian data substantiate shorter length of hospital 
stay and a decreased in-hospital mortality rate for laparo-
scopic colectomy.
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Limitations
There are several limitations to our study. The observed differ-
ences in mortality and length of stay outcomes, even after we 
controlled for modest differences in baseline characteristics of 
the open and laparoscopic groups, may be at least partially 
explained by unmeasured factors contributing to a selection 
bias. Several clinical variables (e.g., body mass index, tumour 
stage, local recurrence v. primary tumour, prior abdominal 
operation) were not available in the Discharge Abstract Data-
base, and thus we were unable to examine their association with 
laparoscopic colectomy use. In addition, we were not able to 
distinguish between the various types of laparoscopic colectomy 
(e.g., completed laparoscopic, laparoscopic assisted, laparo-
scopic converted to open); therefore, laparoscopic colectomy in 
this study should be interpreted as a procedure that was at least 
initiated laparoscopically. We had no baseline data on years of 
experience and practice preferences of the surgeon cohort 
before 2004/05 and were also not able to distinguish fellowship-
trained subspecialist surgeons and how these factors affected 
interprovincial variation. We did not have access to pathology 
reports and therefore could not verify the oncologic complete-
ness of resection. Finally, the lack of inclusion of Quebec may 
limit the generalizability of the study findings to that province.

Conclusion
Although rates of elective laparoscopic colectomy for cancer 
increased significantly in Canada in the decade following the 
publication of seminal randomized trials, there is still room for 
improvement. Substantial interprovincial variation in use of 
laparoscopic colectomy exists, with lowest use in provinces with 
smaller, older and more rural populations. Further knowledge-
translation strategies are needed to ensure equal access to the 
benefits of laparoscopic colectomy for all Canadians.
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