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Abstract
Purpose The aim of this study was to investigate if postoperative mortality after acute surgical treatment of colorectal cancer has
decreased in Denmark during this period and to investigate risk factors associated with early death.
Methods This is a nationwide and population-based cohort study. From the Danish Colorectal Cancer Group database and
National Patient Registry, we collected data on all patients operated with bowel resection, diverting stoma only, or placement
of an endoscopic stent from 2005 to 2015. Year of surgery was the main exposure variable and 90-day postoperative mortality the
primary outcome.
Results We included 6147 patients. The incidence of patients per year was stable during 2005–2015. The 90-day mortality
decreased from 31% in 2005 to 24% in 2015 with a significant time trend (p < 0.0001). Other factors associated with postop-
erative mortality were increasing age, presence of comorbidity (measured as Charlson comorbidity index score ≥ 1), and stage IV
disease. Insertion of self-expanding metallic stent was protective for 90-day postoperative mortality compared with other surgical
procedures.
Conclusion Ninety-day postoperative mortality from acute colorectal surgery has improved in Denmark from 2005 to 2015.
Nevertheless, almost one out of four patients undergoing acute surgery for colorectal cancer dies within 90 days.
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Introduction

Worldwide, colorectal cancer is the third most common cancer
with an incidence of around 1.4million per year and an estimated
700,000 deaths annually [1]. In Denmark, the incidence is 5000

of which approximately 10% undergo acute therapy [2], due to
complete obstruction, perforation, abscess formation, or diffuse
peritonitis. Acute onset of colorectal cancer is associated with a
high short-term mortality risk [3, 4]. In Denmark, postoperative
90-day mortality from acute colorectal cancer surgery is 21%
versus only 3% after elective surgery [1]. Besides surgical inter-
vention and diverting stoma, insertion of self-expandable metal-
lic stents (SEMS) can be performed in chosen cases to recreate
intestinal continuity as the only treatment or as bridge to surgery.

During the past 10 years, both short- and long-term survival
after elective colorectal cancer surgery has improved in
Denmark [5, 6]. Changes in short-term mortality after surgery
depend on patient-related factors, clinical factors, and structural
factors. For instance, changes in mortality can be a result of
patient selection and perioperative treatment. The Danish
Colorectal Cancer Group (DCCG.dk) and the Danish health
authorities have since the 1990s taken several national initia-
tives to improve survival in patients with colorectal cancer [6].
Initiatives such as evidence-based guidelines, fast-track cancer
pathways, cancer plans, and centralization of colorectal cancer
surgery in fewer high-volume units [6].
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The aim of this study was to evaluate 90-day mortality rate
after acute treatment of colorectal cancer within a period of
11 years in Denmark and associated risk factors. Resection,
SEMS, and diverting stoma as bridge to surgery, and palliative
surgery are all included as treatment strategies.

Method

Study design and setting

This study is a nationwide and population-based historical
cohort study. Data are collected prospectively in the Danish
national registries. We report the results according to the
STROBE statement for cohort studies [7]. The study is based
on data from the DCCG.dk database and the National Patient
Registry (NPR) [8, 9]. All patients included in the study were
operated at a surgical department in a public hospital in
Denmark between 1 January 2005 and 31 December 2015.

All Danish residents have access to tax financed, free of
charges hospital care. Information on services are registered
for all residents and linked with a unique identification num-
ber in national registries, e.g., the NPR and population-based
clinical quality databases, e.g., the DCCG.dk database. All
patients were followed up for 90 days after acute surgery or
stent placement. Information about postoperative mortality
within this period was collected from the Danish Civil
Registration Registry [10].

Registries

Data were collected from the DCCG.dk database, a national
population-based, clinical quality database with a complete-
ness proportion of 95–99% of all incident colorectal cancer
patients in Denmark [9]. Patients included in the database
were treated or diagnosed with colorectal cancer in a surgical
department in Denmark. Patients with metachronous cancer,
recurrence, and tumors of other histological origin than pri-
mary adenocarcinoma, mucinous adenocarcinoma, signet ring
cell carcinoma, medullary carcinoma, or undifferentiated car-
cinoma are not registered in the DCCG.dk database. All clin-
ical and pathological data are registered prospectively.

Only the definitive surgical procedure is registered in
DCCG.dk [9]. Thus, patients who are acutely relieved with a
diverting stoma or SEMS prior to an elective surgical resection,
will only have a registration of the elective procedure in
DCCG.dk, and data on these patients were extracted from the
Danish NPR. The Danish NPR is the most comprehensive na-
tionwide register worldwide [8]. From the Danish NPR, we use
date of emergency admission, stoma as only procedure
(KJFF10, KJFF11, KJFF20, KJFF21, KJFF23, KJFF24,
KJFF26, KJFF27, KJFF30, and KJFF31), and insertion of en-
doscopic stent in colon or rectum (KJFA68 and KJGA58A) to

include patients with diverting stoma or SEMS prior to elective
resection. None of the codes for these variables changed within
the study period. Using the unique identification number we
obtained information on vital status by linking to the Danish
Civil Registration System that holds continuously updated in-
formation on name, sex, date of birth, vital status, etc. on all
Danish residents alive [10]. All patients included via the Danish
NPR were also diagnosed with colorectal cancer in the
DCCG.dk within the study period.

Participants

All patients registered in the DCCG.dk database with an acute
surgical procedure between 2005 and 2015 were included.
Procedures included right hemicolectomy, transverse
colectomy, left hemicolectomy, sigmoid colectomy,
Hartmann’s procedure, other colectomy ± stoma, diverting
stoma, intestinal bypass, subtotal/total colectomy, explorative
laparotomy/diagnostic laparoscopy only, anterior resection ±
stoma, proctocolectomy with ileostomy, or insertion of SEMS
in colon or rectum. Furthermore, we included all patients reg-
istered in the Danish NPR with an acute insertion of SEMS or
diverting stoma within 72 h after acute admission at any de-
partment from 2005 to 2015. If a patient was registered with
more than one acute procedure in, e.g., one in the NPR and
one in DCCG.dk, the first procedure was used for this analy-
sis. All patients registered in the Danish NPR also needed to
have a date of diagnosis in DCCG.dk within the study period.
Patients were excluded if they emigrated within 90 days after
the surgery, or had an elective surgical procedure for colorec-
tal cancer before the acute procedure. Furthermore, we ex-
cluded all patients registered in the DCCG.dk database with
acute surgery and one of the following procedures:
abdominoperineal excision of rectum, transanal endoscopic
microsurgery (TEM), and other local procedures including
polypectomy.

Variables

The primary outcome was 90-day mortality after acute colo-
rectal cancer surgery including insertion of SEMS. The sec-
ondary outcome was 30-day mortality. Acute surgery is de-
fined in the DCCG.dk as indication of surgery due to
suspected ileus, perforation, bleeding, or other acute reasons.
Year of surgery was the primary exposure variable. We con-
sider the following to be confounders: age, sex, comorbidity
estimated with Charlson comorbidity index (CCI), UICC
stage, and tumor localization (right, transverse or left colon,
and rectum). Additionally, we adjusted for primary surgical
procedure (SEMS insertion, acute surgery with resection, or
acute surgery with only diverting stoma).
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Subgroup analysis

Patients that directly undergo surgery, and not SEMS, repre-
sent a certain risk group and we therefore performed a sub-
group analysis of these patients. We did a stepwise analysis,
first including surgical specialization, then operative approach
and finally hospital volume to investigate if the effect of these
variables on 90-day postoperative mortality. Surgery was per-
formed by a specialist if either the surgeon, or the assistant,
was specialized in surgical gastroenterology or was a certified
colorectal cancer surgeon. The operative approach was either
laparotomy or minimal invasive (laparoscopic or robot-
assisted). Hospital volume was calculated as the total numbers
of surgical colorectal cancer procedures per year, both acute
and elective. Volume intervals were based on quartiles of the
procedures with 25%, 50%, and 75%, which gave the cut
points: < 150 per year, 150–220 per year, 220–280 per year,
and > 280 per year.

Additionally, we described the subgroup of patients
who had an acute stent or diverting stoma as either bridge
to elective surgery with curative attend or compromised
resection, or as a palliative procedure without bridge to
elective surgery.

Statistical analysis

Association between year of surgery and 90-day postoperative
mortality was analyzed using a logistic regression model. We
reported the p value of the trend in year of surgery with the chi
square test. P values < 0.05 were considered significant. We
adjusted analyses for sex, age, CCI score, primary procedure,
tumor localization, and UICC stage. Missing data were

categorized within each variable. Quantitative variables were
tested for linearity by inserting a squared term in the model.
Age was found non-linear and was included as a linear spline
with cut points at the tertiles. Kaplan-Meier curves were used
to illustrate the survival over the calendar periods, after divert-
ing the study period in to four groups.

Interaction was tested in the full model between age and
comorbidity (CCI), and between year of surgery and comor-
bidity (CCI).

A subgroup analysis was performed to investigate the as-
sociation between 90-day mortality and hospital volume, sur-
gical specialization, and surgical approach with a multiple
regression model adjusting for year of surgery, sex, age,
CCI, year of surgery, primary procedure, tumor localization,
and UICC stage.

All analyses were performed using SAS software, version
9.3. This study was reported to the Danish Data Protection
Agency with registration number 2015-41-3726. Under
Danish law, registration with the Danish Ethical Committee
was not required.

Results

Participants

We included 6147 patients admitted and treated with acute
surgery for colorectal cancer in Denmark in 2005 through
2015. We excluded 245 patients, Fig. Fig. 1. No differ-
ence was found in the gender distribution, and the mean
age was 72 years (SD ± 12). Nineteen percent had a CCI
score of three or more, while 52% of the participants had

6392 patients registered with acute 
colorectal cancer resection, 

diverting stoma or endoscopic stent 
in Denmark from 2005-2015

Exclusion (n=245)
1) Registered in DCCG with acute surgery 

and excluding procedure* (n=17).
2) Elective surgery registered before or at 

the same day as the acute procedure 
(n=226).

3) Lost to follow-up (n=2)

6147 patients included

* Abdomino perineal excision of rectum, transanal endoscopic microsurgery (TEM), and other 
local procedures including polypectomy

Fig. 1 Flowchart of patient
exclusion
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no comorbidity. The number of patients operated each
year varied from 501 to 631 with a median of 560.
Surgical resection was the most common surgical proce-
dure, and most tumors were localized in the left side.
Metastatic disease was found in 42% of the patients and
local disease (stage I–II) in only 26%. Of the right-sided
tumors, 86% were treated with surgery as primary proce-
dure, 3% with SEMS and 11% with diverting stoma.
Among the left-sided tumors, 47% were treated with sur-
gery, 44% with SEMS and 9% with diverting stoma. The
tumors localized in transverse colon and rectum were
mainly treated with surgery (64%) and diverting stoma
(45%), respectively. As expected, few variables included
in the analysis had missing values. The variables sex, age,
CCI, year of surgery, and 90-day mortality had no missing
values, while stage had most missing values (8%).

Mortality

The 90-day overall mortality was 25% after acute surgery,
insertion of SEMS, or diverting stoma, whereas 30-day
mortality was 16%, Table 1. Of the patients, aged 85 years
or more, 46% died within 90 days after the acute proce-
dure, whereas this rate was 14% for patients less than
70 years old.

The Kaplan-Meier plot illustrates the unadjusted 90-day
survival in the four different periods, Fig. Fig. 2.

Risk factors for postoperative mortality after acute
colorectal cancer surgery

The year of surgery was associated with 90-day postoper-
ative mortality also when adjusting for confounders,
Table 2. From 2012 to 2015, the mortality was reduced
significantly compared with 2005 and the trend in the total
period was significantly reduced with an OR of 0.94 per
year (95% confidence interval, 0.92–0.96, p < 0.0001).

Increasing age, comorbidity, and UICC stage IV were
all significant independent risk factors for postoperative
90-day mortality, Table 2. SEMS, as the primary treat-
ment of acute colorectal cancer, was protective for post-
operative mortality compared with other surgical interven-
tions, Table 2.

No interaction was found between age and comorbidity nor
year of surgery and comorbidity.

Subgroup analysis

We included 4354 patients in the subgroup analysis not includ-
ing SEMS. The 90-day mortality was 28% whereof 18% died
within the first 30 days after surgery. In adjusted analysis, spe-
cialization of the surgeonwas associated with 90-daymortality,
OR = 1.16 (95% CI, 0.99–1.35), however not significant.

When adjusting for specialization of the surgeon, open surgery
was associated with an increased risk of 90-day postoperative
mortality, OR = 1.66 (95% CI, 1.23–2.23). There was a de-
creased 90-daymortality in hospitals with a low annual volume
of colorectal cancer surgery; however, only significant in hos-
pitals with 150–220 procedures per year, Table 3.

We described the demography of 854 patients in the second
subgroup of patients undergoing acute stent or diverting stoma
prior to elective resection with a curative intent or compro-
mised resection, and the 1777 patients with stent or stoma as
palliative procedure, Table 4. The 90-day mortality in patients
with further bridge to surgery 2% compared with 38% in the
palliative procedure group. In the patients having bridge to
surgery, mean age was 69 years (SD ± 11), 64% had no co-
morbidity (CCI = 0), 76% of the patients had stage II or III
disease, 75% of the tumors were localized in left colon, and
the majority had an SEMS procedure (98%). In comparison,
patients having a stent procedure or diverting stoma as a pal-
liative procedure mean age was 73 (SD ± 12), 48% had no
comorbidity (CCI = 0), 89% had stage IV disease or missing
stage, 53%of the tumors were localized in the rectum, and
58% had SEMS as primary procedure.

Discussion

In this present Danish population-based study, 6147 patients
operated in an acute setting for colorectal cancer from 2005 to
2015 and the overall postoperative 90-daymortality decreased
from 31 to 24%. The 90-day mortality decreased significantly
in the latest years from 2012 to 2015 and mortality was re-
duced with anOR of 0.94 per year (95%CI, 0.92–0.95). Other
risk factors for postoperative mortality after acute colorectal
cancer surgery were high age, comorbidity, stage IV disease,
and diverting stoma. SEMS was associated with reduced risk
of mortality.

The primary limitation in this study is the observational
design enabling a description of correlation between the year
of surgery and postoperative mortality without proving cau-
sality. Several individual factors could determine how the pa-
tients were treated which can introduce confounding by indi-
cation. One example of this is that our results indicate that
patients treated with SEMS have a reduced risk of postopera-
tive mortality than the patients treated with surgical resection
or diverting stoma. This result could reflect confounding by
indication meaning that the patients in the less acute clinical
condition like bowel obstruction only were chosen for SEMS
and the high-risk patients with, for instance, perforation and
peritonitis needed surgical resection or a diverting stoma only.
However, there could also be an actual benefit of SEMS in
short-term survival, which is a less invasive procedure that
prolong the period for medical optimization. Surprisingly, di-
verting stoma did not have the same protective effect on
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Table 1 Demography of the
population Patients Deaths within 90 days

No (%) No (%)

Total 6147

90-day mortality 1530 (25)

30-day mortality 966 (16)

Year or surgery

2005 501 (8) 154 (31)

2006 542 (9) 165 (30)

2007 521 (8) 133 (26)

2008 558 (9) 158 (28)

2009 511 (8) 129 (25)

2010 607 (10) 149 (25)

2011 631 (10) 158 (25)

2012 578 (9) 130 (22)

2013 563 (9) 114 (20)

2014 575 (9) 105 (18)

2015 560 (9) 135 (24)

Sex

Men 3015 (49) 734 (24)

Women 3132 (51) 796 (25)

Age

Mean (SD) 72 (± 12)

< 70 2637 (43) 376 (14)

> 70–80 1869 (30) 473 (25)

> 80–85 866 (14) 322 (37)

> 85 775 (13) 359 (46)

ASA

1 893 (15) 83 (9)

2 2741 (45) 433 (16)

3 1841 (30) 685 (37)

4–5 356 (6) 221 (62)

Missing 316 (5) 108 (34)

CCI

0 3192 (52) 564 (18)

1 1128 (18) 326 (29)

2 673 (11) 220 (33)

≥ 3 1154 (19) 420 (36)

Tumor localization

Right colona 1857 (30) 476 (26)

Transverse colon 557 (9) 155 (28)

Left colonb 2991 (49) 678 (23)

Rectum 666 (11) 193 (29)

Missing 76 (1) 28 (37)

Stage

I 107 (2) 18 (17)

II 1501 (24) 251 (17)

III 1504 (24) 229 (15)

IV 2570 (42) 820 (32)

Missing 465 (8) 212 (46)
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mortality even though it is an alternative procedure to SEMS
and have the same benefits of postponing the final procedure.
This could reflect confounding by indication between patients
who get SEMS and diverting stoma. For instance, diverting
stoma may be chosen in more severe cases if SEMS was not
possible and/or in case of an advanced tumor or massive car-
cinomatosis. Two previous meta-analysis of 334 and 382 pa-
tients, and overlapping studies, showed that treatment of ma-
lignant, left-sided colon obstruction did not find any advan-
tages of SEMS compared with emergency surgery [11, 12]. A
Dutch cohort study with 1860 treated for obstruction of the
proximal colon showed that stent was possible in 2.4% as
bridge to surgery and resulted in improved in the unadjusted
30-day mortality and morbidity [13]. In the long-term per-
spective, some studies have, however, reported an increased

risk of recurrence and decreased disease-free survival after
SEMS [14–16].

Lack of information about the clinical condition at the time
of surgery, e.g., sepsis or perforation of the tumor associated
with a high postoperative mortality [17], can introduce resid-
ual confounding in our results. Furthermore, information
about life style factors such as smoking, alcohol intake, and
BMI could also affect postoperative mortality. Sufficient data
on these variables were not available in our study. However,
through adjusting for comorbidity, we indirectly account for
some of the effect of lifestyle factors.

Previous studies have focused on acute colorectal cancer
surgery as a risk factor for early postoperative death and ana-
lyzed differences in patient and clinical related characteristics in
acute versus elective surgery [18–20]. This study is, to our
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Fig. 2 Kaplan-Meier plot
illustrating the unadjusted 90-day
survival in the four different
periods

Table 1 (continued)
Patients Deaths within 90 days

No (%) No (%)

Primary procedurec

Surgeryd 3516 (57) 836 (24)

Stent insertion 1793 (29) 319 (18)

Diverting stoma 838 (14) 375 (45)

a Includes the cecum, ascending colon and hepatic flexure
b Includes the splenic flexure, descending colon and sigmoid colon
c The initial treatment regardless of later surgical interventions
d Includes right hemicolectomy, transverse colectomy, left hemicolectomy, sigmoid colectomy, Hartmann’s pro-
cedure, other colectomy ± stoma, intestinal bypass, subtotal/total colectomy, examination under anesthesia only,
anterior resection ± stoma, proctocolectomy with ileostomy
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knowledge, the largest study investigating if postoperative mor-
tality has improved over the past decade, and which factors are
associated with 90-day mortality. It is a major strength of this
study that it is nationwide and population-based using a high-
quality database with a completeness of 95–99% of all patients

treated for colorectal cancer in Denmark. Data are collected
prospectively, eliminating the risk of recall bias. Follow-up is
almost complete (97%) and validity is high on primary outcome
and exposure variables. All clinical data have an almost com-
plete coverage with missing values on tumor localization or

Table 2 The risk factors associated with 90- and 30-day mortality after initial treatment with surgery, diverting stoma or SEMS, analyzed with a
multiple logistic regression model

Adjusted analysis 90-day mortality Adjusted analysis 30-day mortality

OR (95% CI) p OR (95% CI) p

Per year 0.94 (0.92–0.95) < 0.0001 0.94 (0.92–0.96) < 0.0001
Year or surgery
2005 1 Ref < 0.0001 1 < 0.0001
2006 1.14 (0.85–1.52) 1.18 (0.85–1.63)
2007 0.77 (0.57–1.04) 0.78 (0.55–1.09)
2008 1.00 (0.74–1.34) 0.97 (0.70–1.35)
2009 0.85 (0.63–1.15) 0.92 (0.65–1.29)
2010 0.81 (0.60–1.08) 0.75 (0.54–1.05)
2011 0.83 (0.62–1.11) 0.70 (0.50–0.99)
2012 0.66 (0.49–0.89) 0.74 (0.53–1.05)
2013 0.61 (0.45–0.83) 0.65 (0.45–0.93)
2014 0.43 (0.32–0.59) 0.47 (0.33–0.67)
2015 0.65 (0.48–0.89) 0.67 (0.47–0.96)

Sex
Men 1 Ref 0.1168
Women 0.90 (0.79–1.03)

Age
Mean (SD)

< 70 1.03e (1.02–1.05) < 0.0001
> 70–80 1.09e (1.06–1.12) < 0.0001
> 80–85 1.08e (1.02–1.13) 0.0055
> 85 1.07e (1.03–1.11) 0.0009
CCI
0 1 Ref < 0.0001
1 1.57 (1.32–1.87)
2 1.86 (1.52–2.28)

≥ 3 1.96 (1.66–2.31)
Tumor localization
Right colona 0.94 (0.80–1.11) 0.0545
Transverse colon 1.22 (0.98–1.54)
Left colonb 1 Ref
Rectum 1.00 (0.80–1.25)
Missing 1.80 (1.05–3.09)

Stage
I Ref < 0.0001
II 1.11 (0.64–1.94)
III 1.15 (0.66–2.01)
IV 3.10 (1.80–5.36)
Missing 3.43 (1.93–6.12)

Primary procedurec

Surgeryd 1 Ref < 0.0001
Stent insertion 0.53 (0.45–0.64)
Diverting stoma 1.86 (1.53–2.27)

All variables were included in the adjusted analysis
a Includes the cecum, ascending colon and hepatic flexure
b Includes the splenic flexure, descending colon and sigmoid colon
c The initial treatment regardless of later surgical interventions
d Includes right hemicolectomy, transverse colectomy, left hemicolectomy, sigmoid colectomy, Hartmann’s procedure, other colectomy ± stoma, intes-
tinal bypass, subtotal/total colectomy, examination under anesthesia only, anterior resection ± stoma, proctocolectomy with ileostomy
e Increase in OR per year
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stage in only 532 patients (9%) and the validity on all variables
included in the model is considered very high [9, 10].

The European Society of Gastrointestinal Endoscopy rec-
ommends SEMS as an alternative to emergency surgery only
in patients at high operative risk, e.g., ASA ≥ III and/or age >
70 years, and not as standard treatment in left-sided obstructive
tumors [21]. In England, 24% of the all patients with colorectal
cancer from 2006 to 2013 presented as an emergency [22]. The
relative 90-day survival was 65% after acute diagnosed colo-
rectal cancer. In the English national guidelines, it is recom-
mended to use SEMS in left-sided colorectal cancers with com-
plete or nearly complete bowel obstruction [23]. However,
guidelines are not clear in defining the indication for emergency
surgery versus SEMS [23]. In Sweden, handling of acute colo-
rectal cancer patients is more precise [24]. Treatment with
SEMS is not recommended in patients with potential curable
resection unless surgical intervention is considered a high risk.
They argue that the risk of stent-related perforation increases
the risk of postoperative mortality and of tumor spread. If cu-
rative surgery cannot be guaranteed, it is recommended to per-
form diverting stoma and no resection [24].

In the subgroup analysis based on 4354 patients under-
going surgical resection, there was a tendency to decreased
90-day mortality with low hospital volume of yearly

surgical colorectal cancer procedures. This result deviate
from both previous Danish and American studies on acute
colorectal cancer surgery [18, 25], and a meta-analysis
with both acute and elective surgical mode [26]. In a
Danish study from 2011, 4.3% of the variation in 30-day
postoperative mortality after acute colorectal cancer sur-
gery was explained by the hospital volume level [18].
They did not adjust for operative approach or specializa-
tion of the surgeon [18]. This could explain differences in
the results from the same population. In the American
study, they evaluated the load of operation for the individ-
ual surgeon with the maximum level of > 10 annually re-
sections [25]. In a Danish context, ten resections per year
are low for a specialized surgeon. Furthermore, it is plau-
sible that some severe cases have been removed to more
specialized, high-volume departments for surgical inter-
vention. In our data, we cannot adjust for this type of con-
founding by indication due to lack of clinical data.

We saw a positive effect on minimal invasive surgery versus
open. Again, this could be a real effect due to reduced stress
response in minimal invasive surgery [27, 28]. Alternatively,
the result is caused by confounding by indication, if the more
complex tumors, e.g., local advanced tumors were operated
with an open approach, and the less complicated tumors where

Table 3 Subgroup analysis of volume, operative approach, and surgical specialization in all patients operated acutely for colorectal cancer (SEMS
excluded). Analysis of patients with complete data

No. of patients (%) Unadjusted analysis 90-day mortality Adjusted analysis 90-day mortality

OR 95% CI p (Chisq) OR 95% CI p (Chisq)

Total 4354

Surgical specializationa

Yes 2501 (57) 1 Ref < 0.0001 1 Ref 0.0683

No 1709 (39) 1.32 (1.15–1.51) 1.16 (0.99–1.35)

Missing 144 (3)

Operative approachb

Minimal invasive 453 (10) 1 Ref 0.0001 1 Ref 0.0008

Open 3897 (90) 1.64 (1.27–2.11) 1.66 (1.23–2.23)

Missing 4 (0)

Hospital volumec

< 150 982 (23) 1.01 (0.83–1.22) 0.5856 0.84 (0.67–1.06) 0.1703

150–220 1086 (25) 1.07 (0.89–1.30) 0.79 (0.62–0.99)

220–280 1121 (26) 0.94 (0.78–1.14) 0.81 (0.65–1.01)

> 280 1098 (25) 1 Ref 1 Ref

Missing 67 (2)

30-day mortality 797 (18)

90-day mortality 1211 (28)

a Adjusted for year of surgery, sex, age, Charlson comorbidity index, tumor localization, UICC stage, and primary procedure
bAdjusted for year of surgery, sex, age, Charlson comorbidity index, tumor localization, UICC stage, primary procedure, and surgical specialization
c Adjusted for year of surgery, sex, age, Charlson comorbidity index, tumor localization, UICC stage, primary procedure, surgical specialization, and
operative approach
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Table 4 Characteristics of
patients treated with stent or
diverting stoma as bridge to
surgery with curative intent or
compromised resection, and as
palliative procedure

Bridge to surgery Palliative surgery

No. of patients (%) No. of patients (%)

Total 854 1777

Year for surgery

2005 19 (2) 111 (6)

2006 57 (7) 128 (7)

2007 62 (7) 161 (9)

2008 64 (7) 181 (10)

2009 74 (9) 155 (9)

2010 98 (11) 161 (9)

2011 97 (11) 181 (10)

2012 79 (9) 185 (10)

2013 93 (11) 172 (10)

2014 108 (13) 171 (10)

2015 103 (12) 171 (10)

Sex

Men 460 (54) 935 (53)

Women 394 (46) 842 (47)

Age

Mean (SD) 69 (± 11) 73 (± 12)

CCI

0 544 (64) 855 (48)

1 159 (19) 286 (16)

2 76 (9) 188 (11)

≥ 3 75 (9) 448 (25)

Stage

I 23 (3) 9 (1)

II 321 (38) 91 (5)

III 324 (38) 95 (5)

IV 156 (18) 1259 (71)

Missing 30 (4) 323 (18)

Tumor localization

Right colona 33 (4) 218 (12)

Transverse colon 71 (8) 130 (7)

Left colonb 643 (75) 935 (53)

Rectum 107 (13) 421 (24)

Missing 0 73 (4)

Primary procedure

Stent 758 (89) 1035 (58)

Diverting stoma 96 (11) 742 (42)

Time to elective resection

Median, days (5–95% percentile) 21 (9–127) – –

30-day mortality

Yes 5 (1) 368 (21)

90-day mortality

Yes 20 (2) 674 (38)

a Includes the cecum, ascending colon, and hepatic flexure
b Includes the splenic flexure, descending colon, and sigmoid colon
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operated with minimal invasive surgery. However, we cannot
explore this further in the current data.

In conclusion, the 90-day postoperative mortality after acute
colorectal cancer surgery, including SEMS, has improved sig-
nificantly in Denmark from 2005 to 2015. However, postoper-
ative mortality remains high at 24% in 2015 and further studies
should investigate how the perioperative period could be opti-
mized to improve survival even more.
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