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Abstract
Introduction Emergency surgery for colorectal cancer has
been associated with high mortality. The aim of this study is
to determine factors predictive of undergoing emergency sur-
gery, of 30-day mortality, and explore the role of screening in
patients undergoing emergency surgery.
Methods All patients at our unit, undergoing surgery for co-
lorectal cancer between 2004 and 2014 were included. Data
on patient demographics, tumour staging, admission type, co-
morbidity score, mortality data, and screening data were
analysed. Multivariable analyses were carried out to deter-
mine predictors of undergoing emergency surgery as well as
mortality postoperatively.
Results A total of 1911 consecutive patients underwent elec-
tive and emergency surgery for colorectal cancer. Of the 263
patients who underwent emergency surgery for CRC, 37.3 %
(n=98) had right-sided colonic cancers. Multivariable analy-
ses determined right-sided cancers (OR 2.92, 95 % CI 2.03–
4.20, p<0.001) and stage IV tumours to be independently
associated with undergoing emergency surgery (OR 6.64,
95 % CI 2.86–15.42, p<0.001). Undergoing emergency sur-
gery was an independent predictor of 30-day mortality (OR
9.62, 95 % CI 5.96–15.54, p<0.001). Of the 50 patients that
died within 30 days in the emergency surgery group, 32 %
were in patients with right-sided colon cancers. Cancer

detection through guaiac faecal occult blood testing
(gFOBT) amongst this group is low with six out of nine pa-
tients having a false negative gFOBT test.
Conclusion Emergency CRC surgery is associated with high
mortality. Alternative screening strategies that improve detec-
tion of proximal colon cancers may reduce the number of
patients undergoing emergency surgery for right-sided
cancers.

Keywords Guaiac faecal occult blood testing . Colorectal
cancer . Mortality

What does this paper add to the literature?

The number of patients with colorectal cancer attending hos-
pital for emergency CRC surgery is high as is the 30-day
mortality in this patient group. A large proportion of these
patients have a right-sided cancer that is poorly detected
through gFOBT.

Introduction

According to the 2012 National Bowel Cancer Audit, a quar-
ter of Colorectal Cancer (CRC) patients are diagnosed follow-
ing emergency presentation [1]. There is strong evidence that
colorectal cancer patients presenting as an emergency have a
high incidence of morbidity and tend to have poor long-term
survival [2–4]. In various healthcare systems, colorectal can-
cer screening programmes have been established with the aim
of identifying cancer patients at an early stage in the disease
process. If successful, this strategy is likely to reduce the num-
ber of patients presenting as emergencies.
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Despite such a screening programme in the UK, the pro-
portion of patients presenting as an emergency has largely
remained stable [1]. Several reasons for this have been pro-
posed including impaired access to healthcare in remote areas,
ethnicity, poor patient education, low participation rates in
screening programs, as well as other lifestyle and health be-
havioural factors [5–7]. The aim of this study is to determine
factors predictive of undergoing emergency surgery in CRC
and explore the role of screening in this patient group.

Methods

An institutional colorectal cancer database of consecutive pa-
tients diagnosed between 2004 and 2014 was used to identify
patients who had undergone primary surgical resection for
colorectal cancer. Data were collected from medical coding,
patient records, electronic pathology, and endoscopy and ra-
diology reports. Relevant data variables included were age,
sex, tumour staging (using the Union for International Cancer
Control classification), admission type (elective or emergen-
cy), ethnicity and Charlson Comorbidity Score. Postcodes
were used to obtain Indices of Multiple Deprivation (IMD)
scores from the UK Office for National Statistics (ONS).
The Office for National Statistics is a UK governmental body
that is recognised as the official national statistics institute of
the UK (http://www.ons.gov.uk/).

Emergency surgery was defined as patients undergoing un-
planned surgery after admission through the Emergency De-
partment or same day referral through primary care. Patients
with a diagnosis of carcinoid tumour of the appendix, intesti-
nal lymphoma, anal cancer or presentation with metachronous
tumours from ovarian, bladder and prostate cancer were ex-
cluded. Data on complications (using the Clavien-Dindo clas-
sification [8]) and 30-day mortality rates were obtained.

Bowel cancer screening and cancer registry

In the UK, bowel cancer screening started as national program
in 2006 and made available to all persons between the ages of
60 and 69 years. Our unit was one of the first to join the
program and did so in October 2006. The modality for screen-
ing has been the guaiac Faecal Occult Blood Test (gFOBT). In
this study, screening data was retrieved from our units Bowel
Cancer Screening Centre. Data on tumour biology and surviv-
al data were corroborated with the regional cancer registry
(Thames Cancer Registry). The Thames Cancer Registry
covers a large area in south east England and is one of the
largest cancer registries in the country. The registry contains
data on tumour stage, tumour morphology, date of diagnosis,
treatment modality, and mortality data. Data on all patients in
this study were obtained via the registry, to corroborate the
accuracy of our local data.

Statistical analysis

The independent variables of sex, age, Charlson Comorbidity
Score, Union for International Cancer Control (UICC) tumour
staging, tumour site (right colon, transverse colon, left colon,
sigmoid colon, rectum, etc.), social deprivation and ethnicity
were included in binary logistic univariable analysis. At the
univariable level, variables that showed a significance level of
<0.10 were entered into a multivariable model. Multivariable
logistic regression models of the likelihood of emergency pre-
sentation, undergoing emergency surgery and death, were de-
veloped. A level of p≤0.05 was considered significant. All
statistics were calculated using IBM® SPSS®, Version 19.0.

Results

A total of 1911 patients (Table 1) were identified as having
undergone surgery for colorectal cancer over the study period.
The study population comprised of 1094 (57.2 %) males and
817 (42.8 %) females, with a median age of 68 years (range
18–96, interquartile range [IQR] 17). Between 2004 and 2014,
263 patients (13.8 %) underwent emergency (unplanned) sur-
gery after being admitted through the hospital’s Emergency
Department or referred the same day through primary care.
Within the emergency surgery group (n=236), patients with
sigmoid tumours (37.3 %, n=98/263) and right colon tumours
(Ascending and Transverse colon, 35.4 %, n=93/263) pre-
sented most frequently. In total, 16.4 % (n=314/1911) of tu-
mours were classified as stage I. Stages II, III and IV cancers
accounted for 27.3 % (n=521), 26.8 % (n=513) and 5.3 %
(n=101), respectively. Tumour stage for a quarter of the pa-
tients (n=462/1911) was unknown. The emergency surgery
group had a higher rate of stage IV tumours (9.5 %, n=25/
264) compared with 4.6 % (n=76/1648) in the elective sur-
gery group (p<0.001).

Social deprivation was measured using Indices of Multiple
Deprivation (IMD) scores calculated from a patient’s post-
code. IMD data were available on 1864 patients (97.5 % of
the study population). There were 977 (51.1 %) patients in Q1
(affluent), 718 (37.6 %) in Q2, 146 (7.6 %) in Q3, and 23 in
Q4 (1.2 %). There were no patients in the most deprived
quintile (Q5), and in 2.5 % of the population (n=47/1,911),
the IMD score was unobtainable. Ethnicity data were avail-
able for 1631 patients (85.3 % of the population). The largest
ethnic group in the database was ‘British & IrishWhite’, com-
prising 63.2% (n=698/1911) of the study population. Patients
of ‘Asian’ (Indian/Pakistani/Bangladeshi) backgrounds were
the second largest group (14.7 %, n=280/1911) followed by
‘Afro-Caribbean/Black’ (n=111, 5.8 %), ‘Middle Eastern/Ar-
ab’ (n=22, 1.2 %) and ‘East Asian/Chinese’ (n=11, 0.6 %). In
280 patients (14.7 %) of the population, the ethnicity was
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registered as ‘any other ethnic group’, or ethnicity data were
unavailable.

Patients in the emergency surgery group were more likely
to have bypass/defunctioning surgery only (i.e. patients that
did not have a definitive surgical resection for cancer) com-
pared with patients in the elective surgery group (16.0 % in
emergency CRC surgery group compared with 4.8 % in the
elective group, p<0.001).

Predictors of undergoing emergency surgery

Univariable logistic regression was used to predict whether a
colorectal cancer patient undergoing surgery had attended as

an emergency (Table 2). Age, UICC tumour stage, tumour site
and existing medical comorbidity (Charlson score) were sta-
tistically significant predictors in univariable analyses. These
variables were included in multivariable analyses to produce a
model predictive of emergency presentation and subsequent
surgery for colorectal cancer.

At multivariable analysis, all of the above factors were
independently associated with requiring emergency surgery
for CRC. Elderly patients (80+ years) were more likely to
require emergency CRC surgery (OR 1.65, 95 % CI 1.10–
2.46, p=0.015) compared with the reference group (18–59-
year olds). Compared with the rectum, patients with right
sided colon cancer (Ascending and Transverse colon) were

Table 1 The demographics of patients undergoing elective and emergency surgery for CRC

Elective Emergency Total p value

n % n % n %

Sex Male 954 57.9 % 140 53.2 % 1,094 57.2 % 0.175
Female 694 42.1 % 123 46.8 % 817 42.8 %

Age 18–59 years 428 26.0 % 61 23.1 % 489 25.6 % <0.001
60–69 years 492 29.9 % 50 19.3 % 542 28.4 %

70–79 years 468 28.4 % 84 31.8 % 552 28.9 %

80+ years 259 15.7 % 68 25.8 % 327 17.1 %

Ethnicity White: British/Irish/Others 1,029 62.4 % 178 67.7 % 1,207 63.2 % <0.001
Asian: Indian/Pakistani/Bangladeshi/Others 241 14.6 % 39 14.8 % 280 14.7 %

Black: Afro-Caribbean/Others 95 5.8 % 16 6.1 % 111 5.8 %

East Asian/Chinese 10 0.6 % 1 0.4 % 11 0.6 %

Middle Eastern/Arab 20 1.2 % 2 0.8 % 22 1.2 %

Others/Unknown 253 15.4 % 27 10.3 % 280 14.7 %

Indices of Multiple Deprivation (IMD) Q1-Affluent 851 51.6 % 126 47.9 % 977 51.1 % 0.444
Q2 607 36.8 % 111 42.2 % 718 37.6 %

Q3-Intermediate 129 7.8 % 17 6.5 % 146 7.6 %

Q4 20 1.2 % 3 1.1 % 23 1.2 %

Q5-Most deprived 0 0.0 % 0 0.0 % 0 0.0 %

Unknown 41 2.5 % 6 2.3 % 47 2.5 %

Tumour site Ascending colon 371 22.5 % 76 28.9 % 447 23.4 % <0.001
Transverse colon 60 3.6 % 17 6.5 % 77 4.0 %

Descending colon 66 4.0 % 22 8.4 % 88 4.6 %

Sigmoid colon 472 28.6 % 98 37.3 % 570 29.8 %

Rectum 679 41.2 % 50 18.9 % 729 38.1 %

UICC stage Stage I 305 18.5 % 9 3.4 % 314 16.4 % <0.001
Stage II 448 27.2 % 73 27.8 % 521 27.3 %

Stage III 425 25.8 % 88 33.5 % 513 26.8 %

Stage IV 76 4.6 % 25 9.5 % 101 5.3 %

Unknown 394 23.9 % 68 25.9 % 462 24.2 %

Charlson Comorbidity Score 0–2 993 60.3 % 136 51.5 % 1,129 59.1 % <0.001
3–4 360 21.9 % 39 14.8 % 399 20.9 %

>4 294 17.9 % 89 33.7 % 383 20.0 %

Resection and stoma Resection and no stoma 1,052 63.8 % 150 57.0 % 1,202 62.9 % <0.001
Resection and defunction 517 31.4 % 71 27.0 % 588 30.8 %

Stoma only (no cancer resection) 79 4.8 % 42 16.0 % 121 6.3 %
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nearly three times more likely to require emergency CRC
surgery (OR 2.93, 95 % CI 2.03–4.20, p<0.001). Increasing
tumour stage was independently associated with undergoing
emergency CRC surgery. Patients with stage IV tumours were
over six times more likely to require emergency surgery than
patients with stage I tumours (OR 6.65, 95 % CI 2.86–15.42,
p<0.001). Similarly, patients with more medical comorbidi-
ties (Charlson score >4) were 63 % more likely to undergo
emergency surgery (OR 1.63, 95 % CI 1.63–1.81, p=0.003).

Postoperative mortality (30 days)

The overall 30-day postoperative mortality was 4.3 % (n=85/
1911), although the rate was significantly higher in the emer-
gency CRC group (19.0 %, n=50/263) compared with the
elective surgery group (2.0%, n=33/1,648, p<0.001). Factors
associated with postoperative mortality were surgery type
(emergency or elective), age, ethnicity and comorbidity
(Table 3). These variables were entered into a multivariable

regression model. At multivariable analyses, emergency sur-
gery, elderly age and existing medical comorbidity were inde-
pendently associated with an increased risk of 30-day death.
Patients undergoing emergency surgery were nearly 10 times
more likely to die in the first 30 days postoperatively (OR
9.62, 95 % CI 5.96–15.54, p<0.001) compared to patients
undergoing elective surgery. Elderly patients (80+ years) were
also at high risk of death (OR 3.23, 95 % CI 1.62–6.44, p=
0.001) compared to patients 18–59 years old. Having multiple
comorbidities (Charlson comorbidity score >4) was associat-
ed with a 94 % increase (OR 1.94, 95 % CI 1.14–3.31, p=
0.015).

Screening

As part of the National Bowel Cancer Screening Programme
(NBCSP), screening for CRC started at our unit in October
2006 and was available to all patients aged between 60 and
69 years of age. Screening was carried out using guaiac faecal

Table 2 Predictors of undergoing emergency surgery for colorectal cancer (n=1911)

Univariable Multivariable

OR 95 % confidence interval p

Sex Male 0.157 n/a
Female

Age 18–59 years <0.001 Ref

60–69 years 0.71 0.47–1.06 0.095

70–79 years 1.17 0.81–1.70 0.407

80+ years 1.65 1.10–2.46 0.015

Ethnicity White: British/Irish/Others 0.450 n/a
Asian: Indian/Pakistani/Bangladeshi/Others

Black: Afro-Caribbean/Others

East Asian/Chinese

Middle Eastern/Arab

Indices of Multiple Deprivation (IMD) Q1-Affluent 0.610 n/a
Q2

Q3-Intermediate

Q4

Q5-Most deprived

Tumour site Rectum <0.001 Ref 1 p<0.001

Right colon (ascending+transverse colon) 2.92 2.03–4.20 p<0.001

Left colon (descending+sigmoid) 2.63 1.79–3.86 p<0.001

UICC stage Stage I <0.001 Ref p<0.001

Stage II 4.61 2.26–0.41 p<0.001

Stage III 5.21 2.54–10.68 p<0.001

Stage IV 6.64 2.86–15.42 p<0.001

Unknown 5.74 2.78–11.86 p<0.001

Charlson Comorbidity Score 0–2 <0.001 Ref 0.001

3–4 0.71 0.47–1.06 0.093

>4 1.63 1.60–1.81 0.003
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occult blood testing (gFOBT) kits. Of the 263 patients that
underwent emergency surgery, a total of 55 (20.9 %) were
eligible for screening (Table 4). Of these 55, 81.8 % (n=27/
55) were invited for gFOBT screening, 7.3 % (n=4/55) were
not invited and 10.9 % (n=6/55) were invited after having
already attended and undergone emergency surgery. Amongst
the 45 patients that were invited prior to attending as an emer-
gency, 27 did not respond to the invitation and did not return
their gFOBT sample (n=27/45, 60.0 %).

Of the 18 patients that did respond, nine had a negative
gFOBT and nine had a positive gFOBT. Of the nine that had
a positive gFOBT, four went on to have colonoscopy (n=4/9,
44.4 %) and were diagnosed with CRC. However, all were
admitted as an emergency (two with bleeding, one with loose
stools and one with bowel obstruction) before elective surgery
could be undertaken. The other five that tested positive for

gFOTB did not attend their colonoscopy invitation, and all
attended with bleeding and/or obstruction within 9 months
of screening date and had to have emergency CRC surgery.
Of the nine that tested negative, six (n=6/9, 66.7 %) were
patients with caecal and proximal ascending colon. The re-
maining three that tested negative on gFOBT, one each, had
descending, sigmoid colon and high rectal cancer
(rectosigmoid junction).

Discussion

The main findings from this study are that elderly, comorbid
patients as well as those with right-sided and advanced tu-
mours are at increased risk of undergoing emergency CRC
surgery. Furthermore, patients that undergo emergency

Table 3 Predictors of 30-day mortality (n=1911)

Univariable Multivariable

OR 95 % confidence interval p

Surgery type for CRC Elective <0.001 Ref

Emergency surgery 9.62 5.96–15.54 <0.001

Sex Male 0.032 Ref

Female 1.43 0.87–2.25 0.161

Age 18–59 years <0.001 Ref

60–69 years 0.75 0.32–1.75 0.500

70–79 years 1.66 0.83–3.34 0.155

80+ years 3.23 1.62–6.44 0.001

Ethnicity White: British/Irish/Others 0.063 Ref 0.623

Asian: Indian/Pakistani/Bangladeshi/Others 1.01 0.49–2.05 0.989

Black: Afro-Caribbean/Others 0.34 0.08–1.46 0.146

East Asian/Chinese 3.27 0.35–30.80 0.300

Middle Eastern/Arab 0.00 0.00–0.00 0.998

Unknown 0.81 0.37–1.80 0.607

Indices of Multiple Deprivation (IMD) Q1-Affluent 0.309 n/a
Q2

Q3-Intermediate

Q4

Q5-Most deprived

Tumour site Rectum 0.585 n/a
Right Colon (Ascending+Transverse Colon)

Left Colon (Descending+Sigmoid)

UICC stage Stage I 0.282 n/a
Stage II

Stage III

Stage IV

Unknown

Charlson Comorbidity Score 0–2 <0.001 Ref 0.040

3–4 1.63 0.87–3.07 0.126

>4 1.94 1.14–3.31 0.015
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surgery for CRC are at a 10-fold risk of dying within 30 days
of surgery. We observed that patients with colonic tumours
(especially right sided) were more likely to require emergency
surgery compared with rectal tumours, a trend which has been
observed in the literature. The study reiterates that the rate of
emergency presentation remains a significant problem in the
UK, with around 20–30 % of colorectal cancer being diag-
nosed during acute hospitalisation[9]. This patient group often
presents in extremis, fluid deplete, physiologically unstable
and overall at a poor baseline. The end result is a group of
patients, often elderly, at high risk of poor perioperative out-
come in terms of re-operation and 30-day mortality [10].

Emergency patients also tend to have a prolonged length of
stay and lower overall 5-year survival compared with their age
and tumour stage-matched counterparts [2]. Aside from the
human cost, the financial burden on the healthcare services
is substantial, with evidence to suggest that the relative cost of
emergency surgery to be at least 1.5 times that of elective
surgery [11]. One method that has been proposed to reduce
the human and financial costs of emergency presentation is the
use of self-expanding metal stents (SEMS) in the cases of
bowel obstruction. Colonic stenting has been primarily used
for distal colonic tumours, although in recent years, proximal
colon stenting has also been carried out [12, 13]. However,
reported results from SEMS vary in success, with reports of a
6–18 % failure rate quoted in the literature [14–16], as well as
potential for serious complications [17]. While SEMS may
reduce stoma rates, a meta-analysis by Tan and co-workers
[18] has shown there to be no difference in rate of stoma
formation, length of stay, surgical site infection or 30-day
mortality compared with those who underwent emergency
surgery without stenting. Importantly, SEMS was also found
to have a significant rate of stent migration and
perforation[19].

Detection of colorectal cancer through screening may low-
er or prevent poor outcome associated with late presentation.
In 2006, the National HS rolled out the National Bowel Can-
cer Screening Program (NBCSP) with the primary goals of
early diagnosis of colorectal cancer and reducing the

proportion of emergency admissions. There is evidence that
a well-functioning screening program has the potential to sig-
nificantly lower the rate of emergency admissions [20]. How-
ever, data from the National Cancer Intelligence Network
(NCIN) suggests that, despite screening, nearly a quarter (up
to a third in those aged over 70 years) of colorectal cancer
patients continue to be diagnosed upon attending as an emer-
gency in England [21]. It seems logical that for a screening
programme to be effective in this context, it should offer a
population diagnosis of cancers at an earlier age when elective
surgery carries lower mortality and morbidity risk. In our
study, over half of the patients that presented as emergencies
were over 75 years of age. Detecting colorectal cancer and
treating patients earlier may confer significant population ben-
efit if appropriate diagnostic screening tools are available. To
this end, the usefulness of faecal occult blood testing in de-
tecting right-sided cancer as well as the current age cut-off for
screening demands questioning.

In the present study, over a third of the tumours in
patients presenting as emergencies were either right-sided
or transverse colonic tumours. A meta-analysis by Haug
and colleagues has investigated whether gFOBT is useful
in detecting right-sided colon cancers; patients suffering
from this continue to make up one of the largest groups
amongst emergency attenders [22]. Furthermore, work by
the same author and colleagues has shown sensitivity of
gFOBT in detecting right-sided cancers to be as low as
20 % [23] compared with 96 % detection rate with the
use of colonoscopy [24]. For the population that currently
present as emergencies to benefit from screening, it would
be important to demonstrate that screening tests are able to
detect proximal colonic tumours thereby permitting earlier
intervention. One alternative may be the use of better tech-
niques in the processing of gFOBT samples that would
permit a greater capture of right-sided tumours. Blood-
based screening tests, such as RNA biomarker panel tests,
have been proven to be just as effective in detecting right-
sided tumours compared with left-sided cancers [25] and
could therefore provide an alternative approach.

Table 4 Results of screening in
patients that underwent
emergency CRC surgery (n=55)

Outcome of screening in patient eligible for screening (n=55) n %

Screened 18 32.7 %

Invited (no response) 27 49.1 %

Not invited 4 7.3 %

Invited after diagnosis 6 10.9 %

Total 55 100.0 %

Results in patients who were screened (n=18) n %

Positive FOBT (to colonoscopy) 4 7.3 %

Positive FOBT (didn’t respond for colonoscopy invite) 5 9.1 %

Negative FOBT 9 16.4 %

Total 18 100.0 %
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In our study, 55 patients were eligible for screening; how-
ever, only 45 were invited. Lack of patient engagement with
healthcare services (such as registering personal contact de-
tails with their local primary care General Practitioner) may
offer some explanation as to why 10 patients were not invited.
Another potential factor contributing to this seemingly low
figure is that a further six patients were offered screening,
albeit within a year after they presented as an emergency.
Therefore, the timing of the invitation plays a role in capturing
patients prior to their attendance. It must be stressed that the
figures in our study must be interpreted with caution as the
sample size is small. Our response rate to invitation for screen-
ing of 32.7 % (n=18/55) is lower than the national average of
52 % [26]. Of the 45 patients offered screening, only 18
responded, nine of whom had a negative FOBT result only
to present as an emergency within 14 months. Such ‘failures’
may occur due to a complex interaction of insensitivity of
screening tool as well as social and differential healthcare
access factors. In our study, the majority of the patients that
did not participate in screening were male, a fact that is
reflected in the literature [26]. Screening also continues to
suffer from a relatively poor response rate amongst groups
such as the elderly, ethnic minorities and the socially deprived
[5]. A randomised control trial has demonstrated that rates of
screening participation in both the socially deprived and eth-
nic minority groups can be increased through active public
health intervention initiatives in the form of patient education
[27]. The challenge may well be the initial capturing of the
non-responding groups in the community, rather than difficul-
ties in maintaining adherence to undergo additional investiga-
tions. Once screened, attendance for colonoscopy after a pos-
itive FOBT is generally good with little variation between
different socioeconomic and ethnic groups [28].

Regardless of the particular screening technique used, a
greater uptake of screening is required to reduce emergency
presentations. Patient education, access to healthcare, cultural
barriers and taboos to undergoing screening may offer some
explanation as to why such a significant number of patients
are still attending as emergencies [29]. In universal healthcare
systems, such as the National Health Service (NHS) in the
UK, it may be that the role of patient education, public aware-
ness and patient health behaviours is a more important con-
tributor to surveillance adherence than financial barriers.
There is evidence to suggest that raising public awareness
can increase participation in population screening [30].

Emergency presentation continues to make up a significant
proportion of colorectal workload. Advanced tumour staging
and site of colon remain important factors predicting emergen-
cy attendance. Given that colorectal cancer patients presenting
in an emergency setting, in particular the elderly, have worse
outcomes, an intensification of efforts to introduce and pro-
mote screening and surveillance, particularly amongst the el-
derly and socially deprived, is required.
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