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Abstract

Background: There is ongoing debate whether laparoscopic
right colectomy is superior to open surgery. The purpose of
this study was to address this issue and arrive at a consensus
using data from a national database. Methods: Patients who
underwent elective open or laparoscopic right colectomy for
colorectal cancer during the period 2009-2013 were identi-
fied from the Dutch Surgical Colorectal Audit. Complications
thatoccurred within 30 days after surgery and 30-day mortal-
ity rates were calculated and compared between open and
laparoscopic resection. Results: In total, 12,006 patients un-
derwent elective open or laparoscopic surgery for right-sid-
ed colorectal cancer. Of these, 6,683 (55.7%) underwent
open resection and 5,323 (44.3%) underwent laparoscopic
resection. Complications occurred within 30 days after sur-
gery in the laparoscopic group in 26.1% of patients and in
32.1% of patients in the open group (p < 0.001). Thirty-day

mortality was also significantly lower in the laparoscopic
group (2.2 vs. 3.6% p < 0.001). Conclusion: In this non-ran-
domized, descriptive study conducted in the Netherlands,
open right colectomy seems to have a higher risk for compli-
cations and mortality as compared to laparoscopic right col-
ectomy, even after correction for confounding factors.

© 2018 S. Karger AG, Basel

Introduction

Laparoscopic colorectal surgery has grown in popu-
larity ever since it was first described in 1991 [1]. Since
then, several randomized trials have indicated that lapa-
roscopic surgery can be applied safely for treating both
malignant and benign diseases. Generally accepted ad-
vantages of laparoscopy include reduced blood loss,
tewer adhesions, less pain, decreased risk of long-term
incisional hernia formation, shorter hospital stay, better
cosmetic effects and faster return to normal activities
[2-5]. Specific advantages of laparoscopic colorectal
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surgery as compared with conventional colorectal sur-
gery include shorter duration of post-operative paralyt-
ic ileus, better pulmonary function and improved qual-
ity of life [6-9].

However, some authors have stated that these results
could not be applied to right-sided colectomy [10, 11].
Conversely, some recent studies have shown that mortal-
ity and morbidity were significantly lower after laparo-
scopic right-sided colectomy compared to mortality and
morbidity after open surgery [12, 13].

The purpose of this study was to address this
controversy and provide a recommendation for daily
practice in colon surgery. Therefore, patient outcomes for
morbidity and mortality in both elective laparoscopic
and open right colectomy for colon cancer were com-
pared using a national database in the Netherlands.

Material and Methods

Database

For this study, data was derived from the Dutch Surgical
Colorectal Audit (DSCA), a national, web-based and interactive
database in the Netherlands [14]. All Dutch Hospitals perform-
ing colectomies were included in this database. The database in-
cluded information on patient and tumour characteristics, diag-
nostics, procedures and short-term outcomes of patients under-
going a resection for primary colorectal carcinoma. The dataset
is based on evidence-based guidelines and annually verified with
the Netherlands Cancer Registry data. From January 2009 until
December 2013, 48,757 patients were included in the DSCA da-
tabase [15].

Patient Selection

For the present analysis, patients who underwent elective right
colectomy for cancer were selected (n = 15,018). After exclusion of
patients with missing data on 30-day post-operative mortality (n =
304, 2.0%) and patients who underwent an acute resection (n =
2,708,18.0%), 12,006 patients were included for the present analysis.

Included Variables

Thirty-day mortality was considered the primary outcome
(dichotomous variable). For all included patients, the vital status
was known. Date of resection and date of death (if applicable)
were used to compose the variable vital status 30 days after sur-
gery. Thirty-day post-operative complications were analyzed as
secondary outcome. The occurrence of 30-day complications was
registered for 11,925 of the 12,006 (99.3%) included patients.

Complications were scored on the following categories: surgi-
cal, pulmonary, cardiac, thrombo-embolic, infectious, neurologic
or other.

In addition, data on demographics, tumour characteristics
and procedure characteristics of all patients included the follow-
ing:

1. Demographics: age, gender, body mass index (BMI), pre-op-
erative morbidity (cardiac, vascular, diabetes, pulmonary,

28 Dig Surg 2019;36:27-32
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neurologic, gastrointestinal, urogenital, thrombotic, muscu-
lar, endocrine, infectious, malignancies, previous abdominal
surgery), pre-operative condition as measured using the
American Society of Anesthesiologists (ASA) score.

2. Tumour characteristics: histological type, histopathological re-
sults according to the TNM classification.

3. Procedure characteristics: type of resection, conversion (early/
late), and inter-operative complications.

Statistical Analysis

Patients were categorized into 2 groups according to the report-
ed surgical procedure: open or laparoscopic resection. Next, demo-
graphic, tumour and procedure characteristics were compared be-
tween these 2 groups using independent Student ¢ tests and Mann-
Whitney test for normally and skewed distributed continuous
variables, respectively, and chi-square tests for categorical variables.

To study the association between the type of resection and
30-day post-operative mortality and complications, 2 logistic re-
gression models were used with 30-day mortality (dichotomous)
or 30-day complications (dichotomous) as dependent variable
and type of resection (open or laparoscopic) as independent
variable. The results of the logistic regression were presented as
OR with 95% CI. To study the influence of other factors on the
association between type of resection and post-operative mortal-
ity complications, 2 multivariate regressions were performed in
which potential confounding factors were included as co-vari-
ables. These variables were age (continuous), gender (dichoto-
mous), ASA score (dichotomous, I/II vs. ITII/IV) resection RO-R2
(categorical), BMI (continuous), previous abdominal surgery
(dichotomous), tumour location (dichotomous), pre-operative
co-morbidity (dichotomous), and N classification. These poten-
tial confounders were selected based on previous literature and/
or based on their significant contribution to the univariate mod-
el when they were entered one by one (an effect over >10% on
the regression coefficient of type of surgery was used as cut-off
value). In addition, since effect modification by T classification
was anticipated, regression models were stratified according to
T classification (T1-3 vs. T4). The OR with 95% CI from these
multivariable regression models was presented as the outcome
of our study. All analyses were performed in IBM SPSS version
22.0. A p value of <0.01 was considered statistically significant.

Results

Demographic, Tumour and Procedure Characteristics.

In this study, we analyzed 12,006 patients of whom
6,683 (55.7%) patients underwent open right-sided colon
resection and 5,323 (44.3%) laparoscopic right-sided co-
lon resection. Demographic and clinical characteristics
are shown in Table 1. When comparing both patient
groups, there were significantly more females in the lapa-
roscopic resection group as was a small, but statistically
significant, higher mean age and BMI. In addition, pre-
operative malignancies, previous abdominal surgery,
high ASA score (=I1II), blood transfusion during hospital
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Table 1. Baseline patient characteristics and tumour characteristics

Open

Laparoscopic p value

n (%)

6,683 (55.7) 5,323 (44.3)

Patient characteristics

Age, years, mean (SD) 72.9(10.5) 71.6(10.5) <0.001
Age >65 years, % 79.6 77.7 <0.001
Gender, male, % 45.2 48.0 0.002
BMI, gem, mean (SD)* 25.9(4.4) 263(4.3) <0.001
BMI =30, % 15.9 16.6 0.34
Preoperative
co-morbidity, %
Cardiac 31.3 31.1 0.89
Vascular 40.0 40.9 0.32
Diabetes 17.7 17.4 0.72
Pulmonary 14.6 14.0 0.38
Neurological 16.0 15.9 0.83
Gastrointestinal 11.0 10.5 0.34
Urogenital 8.9 8.2 0.22
Thrombotic 4.1 4.2 0.96
Muscular 7.0 8.1 0.02
Endocrine 6.7 6.9 0.76
Infectious 0.8 0.9 0.70
Malignancies 16.0 12.7 <0.001
Previous abdominal <0.001
surgery 40.5 35.8
ASA score (%III-V) 27.2 24.1 <0.001
Tumor and procedure characteristics
Histological type, %
Adenocarcinoma 89.5 90.9
Mucinous tumours 7.3 6.1 0.03
Signet ring cell 1.3 0.9
Other 2.0 2.1
RO-R2 resection, %
RO 96.8 98.6
R1 2.0 1.0 <0.001
R2 1.2 0.4

Open Laparoscopic p value

Number of lymph

nodes, mean (SD) 18.02 (9.9) 18.08 (8.4) 0.71
Number of positive

lymph nodes, mean (SD)  1.74(3.6) 1.39(3.15) <0.001
T classification, %

T1 4.4 6.4

T2 14.9 18.7

T3 62.3 63.2 <0.001

T4 17.2 10.3

Tx 1.0 0.8

To 0.2 0.2
N classification, %

0 59.8 64.2

1 23.6 22.1

2 16.1 13.4 <0.001

Nx 0.4 0.4
Pre-operative complications

tumour, %

None 74.6 71.1

Faecal peritonitis 0.2 0.1

Abscess 0.9 0.3

Tleus 2.5 1.4 <0.001

Anaemia 16.4 22.4

Other 5.5 4.8
Conversion, %

No na 87.9

Early na 6.3

Late na 5.8
Intraoperative complications

None 98.4 98.0

Yes (bleeding, injury

other abdominal organ,
perforation bowel) 2.0 1.6 0.56

*>10% missing cases.

stay and R1-R2 resections were significantly more fre-
quent in patients who underwent open resection. The
number of lymph nodes removed was the same in both
groups. Pathological data showed significantly more pos-
itive lymph nodes, more T4 and more N2 classifications
in open resection as compared to laparoscopic resection.

Post-Operative Complications

Within 30 days after surgery, significantly more
patients who underwent an open resection showed post-
operative complications as compared to patients in the
laparoscopic surgery group (Table 2). Especially, surgical
complications leading to a re-intervention were more
prevalent in patients who underwent an open procedure.
Table 3 presents the results of the logistic regression anal-

Right-Sided Colectomy in 12,006 Patients

yses of type of resection in relation to 30-day post-opera-
tive complications. After adjustment for potential con-
founders, patients who underwent open surgery had a
statistically significant 1.34 (95% CI 1.24-1.45) higher
odds of complications within 30 days after surgery as
compared to patients in the laparoscopic surgery group.
The odds were somewhat higher for patients with T4 tu-
mours as compared to patients with T1-3 tumours (1.50
[1.16-1.93] vs. 1.32 [1.20-1.45]), but the confidence in-
tervals overlapped.

Post-Operative Mortality

In total, 353 (2.9%) patients died within 30 days after
resection, 115 of the 5,323 patients who underwent lapa-
roscopic resection died (2.2%) and 238 of the 6,683 pa-
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Table 2. Complications within 30 days after surgery

Total population Open, 7 (%) Laparoscopic, n (%) p value
Complication <30 days 2,135 (32.1) 1,380 (26.1) <0.001
Re-intervention for surgical complication 815 (12.3) 524 (9.9) <0.001
Anastomotic leakage 312 (4.7) 214 (4.1) 0.09
Pulmonary 319 (4.8) 252 (4.8) 0.67
Cardiac 213 (3.2) 132 (2.5) 0.022
Thromboembolic 39 (0.6) 25(0.5) 0.40
Infectious 194 (2.9) 116 (2.2) 0.01
Neurologic 68 (1.0) 65 (1.2) 0.28
Other 320 (4.8) 203 (3.8) 0.01
>2 complications 356 (5.3) 236 (4.4) 0.025
Blood transfusion 1,247 (20.3) 774 (15.2) <0.001
Readmission within 30 days 204 (8.7) 181 (6.6) <0.001
Table 3. Risk of complications within 30 days after surgery
Laparoscopic Open p value

Complications <30 days of surgery, n (%) 1,380 (26.1) 2,135 (32.1) <0.001
Logistic regression models OR (95% CI)
Not adjusted 1

Total population 1.34 (1.24-1.45) <0.001

T1-3 1.30 (1.20-1.42) <0.001

T4 1.48 (1.18-1.85) 0.001
Adjusted for ASA score, age, gender, R1-R2 resection, BMI, previous

abdominal surgery, co-morbidity, N classification 1

Total population 1.34 (1.23-1.47) <0.001

T1-3 1.32 (1.20-1.45) <0.001

T4 1.50 (1.16-1.93) 0.002

tients who underwent open resection died (3.6%). Table
4 shows the results of the logistic regression analyses of
type of resection in relation to mortality. After adjust-
ment for potential confounders, patients who underwent
open surgery had a 1.42 (95% CI 1.10-1.83) higher odds
of mortality within 30 days after surgery as compared to
patients who underwent laparoscopic surgery. In addi-
tion, the odds were higher in patients with T4 tumours
(3.03 [1.33-6.93]) as compared to patients with T1-3 tu-
mours (1.30 [0.99-1.71]).

Discussion
In the present study, we investigated the risk of open

and laparoscopic right colectomy on 30-day post-
operative complications and mortality. After adjustment

30 Dig Surg 2019;36:27-32
DOI: 10.1159/000486400

for potential cofounders, patients who underwent a right,
open colectomy had a significantly 1.34 and 1.42 higher
odds of complications and mortality respectively. In ad-
dition, the odds for mortality in patients presented with a
T4 tumour were higher as compared to patients with a
T1-3 tumour, i.e. 3.03 and 1.30, respectively.

The advantage of a minimally invasive approach for
colon surgery has been demonstrated by several multi-
centre studies [2-5]. However, most studies do not dif-
ferentiate between left- and right-sided resections. Most
surgeons appreciate the advantages of the laparoscopic
approach for left colectomies, but this seems a debatable
matter for the right-side approach [10, 11].

This non-randomized observational study was there-
fore designed to address thisissue. This study describes dai-
ly practice in the Netherlands. The laparoscopic approach
is performed in 44% of all elective right colectomies in the
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Table 4. Risk of death within 30 days after surgery

Laparoscopic Open p value

Mortality <30 days of admission, # (%) 115 (2.2) 238 (3.6) <0.001
Logistic regression models OR (95% CI)
Not adjusted 1

Total population 1.67 (1.34-2.10) <0.001

T1-3 1.57 (1.23-2.01) <0.001

T4 288 (1.41-5.88) 0.004
Adjusted for ASA score, age, gender, R1-R2 resection, BMI, previous

abdominal surgery, co-morbidity, N classification 1

Total population 1.42 (1.10-1.83) 0.007

T1-3 1.30 (0.99-1.71) 0.06

T4 3.03 (1.33-6.93) 0.009

Netherlands. The reason that a decade after large prospec-
tive randomised clinical trials looking at laparoscopic ver-
sus open surgery, the uptake of laparoscopic right colec-
tomy is still less than 50% is not clear from the database. We
think this might have to do with the surgical culture in dif-
ferent groups. Due to privacy rules, investigators only have
access to an anonymous version of the DSCA. Therefore,
we were not able to see if there are differences in uptake and
variation in results between different hospitals, which
would have been of added value to our study.

Some surgeons argue that an open right colectomy can
be performed through a small transverse incision, the same
size that is necessary for extracting the specimen and for
making the anastomosis in laparoscopic surgery. Perhaps
nowadayswhenmoreintra-corporalanastomosesarebeing
made, there is a higher uptake of laparoscopic surgery. On
the other hand, recently in 2012, an article was published by
a Dutch group, which concluded that laparoscopic and
transverse right colectomy were one and the same [11].

The group of patients selected for laparoscopic surgery
seems to have a slightly more favourable set of character-
istics. This could lead to potential selection bias, and may
be more difficult cases were operated open. However, the
differences between the 2 groups are very small and sig-
nificant only due to the large number of patients but
probably clinically less relevant. When looking at the
short-term oncological outcomes, the number of lymph
nodes removed is the same in both groups, but there are
more R1 and R2 resections in the open group. This could
also be due to selection bias or the quality of the surgery.

An interesting finding of this study is the difference in
30-day post-operative complications and mortality. Pa-
tients who underwent open right colectomy had a 1.34

Right-Sided Colectomy in 12,006 Patients

and 1.42 higher odds ratio of complications and mortal-
ity respectively. In addition, the risk of mortality is high-
est in patients with a T4 tumour.

The higher mortality rate in the open group compared
to the laparoscopic group is in agreement with results
from other studies [12, 16, 17]. A systematic review and
meta-analysis by Arezzo et al. [12] representing 3,049 pa-
tients observed a mortality of 1.2% in the laparoscopic
group compared to 3.4% in the open group.

The Danish population based-study is the only popu-
lation-based study that analyzed the data for colon and
rectal cancer separately [16]. This group reported a drop
in mortality in all colon resections from 7.8 in 2001-2002
t02.8% in 2011. They concluded that the implementation
of laparoscopic surgery might be the main factor for this
observation.

A drawback to this conclusion might be a selection of
patients as a reason for this finding. Patients excluded
from laparoscopic surgery might have had a higher risk
profile and therefore a worse outcome. As shown in our
data, more patients with T4 tumours were selected for
open surgery. The latter is put in different perspective by
a previous study of McCloskey et al. [18]. They reported
that the positive effect of laparoscopy might be stronger in
more high-risk patients than in low-risk patients. In our
study, patients selected for open surgery had significantly
higher BMI, a history of having undergone abdominal sur-
gery and a higher ASA classification. However, after cor-
rection for these confounding factors, patients who under-
went an open procedure still had a 1.34 higher OR for
complications and a 1.42 higher odds for mortality.

The DSCA only provides short-term outcome. There-
fore, we are not able to determine the effects of the onco-
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logic outcome. The fact that we are not able to provide
information on long-term outcome is a limitation to our
study and means that our results should be interpreted
with care.

Furthermore, due to the retrospective nature of this
study, there might still be some selection bias even if the 2
groups seem comparable after adjustment for confound-
ing factors. For instance, the database does not describe
what kind of T4 tumour the surgeon was dealing with. Was
it a cecal T4 tumour with only a little serosal involvement
or alarge tumour invading the duodenum? The same argu-
ment could be made about factors such as ASA or co-mor-
bidity, which are subjective and prone to inconsistency.

In this non-randomized, observational study in the
Netherlands, it was found that open right colectomy
leads to a higher complication rate and higher 30-day
mortality as compared to laparoscopic right colectomy.
This could be because more difficult cases underwent
the open surgery, but even after correction for con-
founding factors it was found that there were more
complications and 30-day mortality in the open group.
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