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Aim: To assess the patterns of emergency department (ED) visits in the 3 months preceding a diagnosis of
colorectal cancer (CRQ) in a real-world, population-based context. Materials & methods: Linked provincial
registries in Alberta, Canada, were accessed and patients with CRC diagnosed between 2004 and 2018
were identified. The National Ambulatory Care reporting system was used to identify patients who visited
an ED within 3 months of a diagnosis of CRC. Multivariable logistic regression analysis was used to identify
factors associated with any ED visits as well as frequent (>=3) ED visits. Results: A total of 25,310 patients
with CRC were included in the current study. These include 10,126 patients (40%) who had at least one
visit to the ED in the 3 months before a diagnosis of CRC diagnosis and 613 patients (2.4%) who visited
the ED multiple (=3) times. The following factors were associated with any visit to an ED: older age (odds
ratio [OR]: 1.010; 95% Cl: 1.008-1.012), female gender (OR: 1.23; 95% Cl: 1.16-1.30), higher comorbidity
index (OR: 1.38; 95% Cl: 1.35-1.41), metastatic disease (OR: 2.37; 95% Cl: 2.23-2.53), proximal tumors (OR:
1.59; 95% Cl: 1.50-1.68) and North zone (OR vs south zone: 1.75; 95% Cl: 1.55-1.98). Conclusion: It is not
uncommon for CRC patients to visit the ED at least once in the 3 months prior to having such a diagnosis.
Factors associated with frequent pre diagnosis emergency visits included female gender, higher burden of
comorbid disease, advanced stage, proximal tumors and living in the North zone of Alberta (where there
is limited access to specialist care).
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Colorectal cancer (CRC) represents a major cause of morbidity and mortality in Canada; 2019 cancer statistics
confirm that CRC is the second most common cancer in males and the third most common cancer in females [1].
CRC screening has been shown to decrease CRC mortality and improve outcomes; although, compliance in the
Canadian setting has been challenging [2,3].

One important quality indicator for CRC care is the proportion of patients diagnosed emergently versus
electively because these patients are more likely to present at a more advanced stage (4,5]. Diagnosis through the
emergency department (ED) is likely to be more costly to the healthcare system compared with diagnosis through
outpatient ambulatory assessments [6,7]. Alberta is a large Canadian province with a universal healthcare model. Its
administrative databases and centralized healthcare registries are thus suited to analyze questions related to patterns
of presentation of CRC.

The aim of this study was to assess the patterns of ED visits in the 3 months preceding CRC diagnosis in
the province of Alberta, Canada. Our secondary objectives were to identify risk factors and potendially avoidable
causes for presentation to the emergency room in a real-world, population-based context. We aimed also to
evaluate whether rates of ED visits have changed over time in relationship to implementation of population-based
CRC screening.
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Materials & methods

Data sources

Data of the current study are based on the Alberta Cancer Registry linked with emergency department (ED) visit
data from the Canadian National Ambulatory Care Reporting System (NACRS). These visits were marked by an
abstract code of E.

Initial administrative data extraction was conducted by Surveillance and Reporting team at Cancer Care Alberta
(with no subsequent chart review of individual patients’ files). This study was approved by the Health Research
Ethics Board of Alberta (HREBA.CC-20-0215). Selection criteria for the current study included patients with a
new diagnosis of colorectal carcinoma in Alberta (2004-2018) who were captured by the Alberta Cancer Registry.
Cases with squamous cell carcinoma or neuroendocrine carcinoma were not included in the current analysis. For
patients with more than one primary colorectal cancer (CRC) during the duration of the study, only the first one
was included in the study cohort.

Healthcare in Alberta is publicly funded and ED visits done at any hospital in Alberta are centrally captured
in the provincial database. Likewise, all new cancer cases diagnosed in Alberta are captured within the Alberta
cancer registry. From a healthcare perspective, Alberta is classified into five zones (North zone, Edmonton zone,
central zone, Calgary Zone and South zone). The most notable difference between zones is that the North zone
represents the largest zone in terms of landmass within the province; but has the lowest population/landmass ratio
with limited access to tertiary cancer care facilities [8]. Population-based CRC screening in the two big Albertan
cancer centers (Edmonton and Calgary) has been implemented since 2008 [91, and then, it was rolled out to the
rest of the province.

Data collection

The following data were collected from included patients where available: age at diagnosis, sex, Charlson comorbidity
index, presence of metastatic disease at presentation, primary tumor site, side of the primary (proximal/right-sided:
before splenic flexure; distal /left-sided: starting from splenic flexure), zone of residence, year of CRC diagnosis and
first recorded treatment (within Alberta Cancer Registry database). Other reported information include recorded
ED visit(s) in the 3 months before the date of cancer diagnosis (date of cancer diagnosis within Alberta Cancer
Registry is presumably the date of pathological diagnosis of cancer), the number of these emergency visits and
reasons for each visit. The reason for the visit was reported according to ICD-10 codes. When more than one visit
was recorded within 1 day for the same patient, it was considered as a single visit and the second visit was omitted.

Statistical analysis
Differences in baseline characteristics between patients who have at least one emergency visit versus those who
did not have any, as well as characteristics of patients with frequent (>3) ED visits before cancer diagnosis were
explored using Chi-Squared test for categorical variables and independent t-test for continuous variables. Further
frequency analyses were conducted to examine the different reasons for ED visits (when more than one diagnosis
was reported for a single visit, the first reported diagnosis only was included in this analysis). Furthermore, the
frequency of three diagnoses of interest (anemia, abdominal pain and gastrointestinal hemorrhage), regardless of
whether these were the first recorded diagnoses or not, was examined in some patient subgroups (according to age,
gender and tumor side). These three diagnoses of interest were selected a priori as they are the most likely to be
encountered by primary/ambulatory care providers (in addition to emergency presentations).

Multivariable logistic regression analysis was then used to examine factors associated with any visit to the ED in
the 3 months before cancer diagnosis as well as factors associated with frequent (>3) visits. The following factors
were included in these models: age at diagnosis, gender, Charlson comorbidity index, presence of metastatic disease,

side of the primary and zone of residence.
All the above statistical analyses were conducted through SPSS software (version 26.0, IBM, NY, USA).

Results

Patients’ characteristics

A total of 25,310 patients with colorectal cancer (CRC) were found eligible and were included in the current study
(Figure 1 shows the selection process for patients). These include 10,126 patients (40%) who had at least one visit
to the emergency department (ED) within 3 months before CRC diagnosis and 15,184 patients (60%) who had no
recorded ED visits within 3 months before diagnosis. A total of 16,420 ED visits were recorded for the subgroup
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Data of 28,252 records of patients with colorectal
cancer diagnosed 2004—2018 were available from
Alberta cancer registry

A total of 1682 records with
ineligible histology were excluded.

Assessed for eligibility = 26,570

1260 records for second primary
colorectal cancer were excluded

Total included: 25,310 patients

Figure 1. Flowchart of patients’ selection process.

of patients who visited the ED within 3 months of CRC diagnosis (some patients visited the ED more than once).
The percentage of patients with at least one ED visit across study years was described in Supplementary Figure 1
(percentage in 2004: 38.4%; percentage in 2018: 41.8%). There was no difference in percentage of patients with
pre diagnosis ED visits before and after 2009 (date of rollout of colorectal screening among urban centers in Alberta)
(40.5 vs 39.8%; p = 0.308).

Comparing patients who visited an ED versus those who did not visit an ED in the 3 months prior to a diagnosis,
patients with ED visits were more likely to be older (p < 0.001), female (42.9 vs 37.8%; for males p < 0.001) and
to have higher mean comorbidity index (p < 0.001), proximal tumor (48.3 vs 34.6% for distal tumors; p < 0.001),
stage IV disease (55.5 vs 35.7% for less than stage IV disease; p < 0.001) and residence in the North zone (51.1 vs
37.7% for Edmonton zone; p < 0.001) (Table 1).

Within the study cohort, 613 patients (2.4%) visited the ED multiple times (> three-times) in the 3 months
before their CRC diagnosis. Those patients were more likely to be female (p < 0.001) and to have a higher mean
comorbidity index (p < 0.001), proximal tumor (p < 0.001), stage IV disease (p < 0.001) and residence in the
North zone (p < 0.001).

Reasons for ED visits
The most frequent ED diagnoses were: digestive disorders (17.2%), nonspecific symptoms/signs (11%),
abdominal/pelvic pain (10.1%), intestinal obstruction (8.4%), contact with health services (e.g., encounter with
health services for examination, investigations or other reasons) (7.2%), gastrointestinal hemorrhage (GI) (7.2%),
anemia (6.3%) (Supplementary Table 1, Figure 2 & Supplementary Figure 2).

The frequency of certain ED diagnoses of interest (anemia, abdominal pain and gastrointestinal hemorrhage)
within certain patient subgroups (according to age, gender and tumor sidedness) was further detailed in Figure 3.

Factors associated with ED visits

In the multivariable logistic regression analysis, the following factors were associated with any visit to ED: older age
(OR: 1.010; 95% CI: 1.008-1.012), female gender (OR: 1.23; 95% CI: 1.16-1.30), higher comorbidity index
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Table 1. Baseline characteristics according to emergency department visits in the 3 months before colorectal cancer

diagnosis.
Parameter ED visits within 3 months before No ED visits within 3 months before p-value
diagnosis (10,126 patients) diagnosis (15,184 patients)
Age (mean; SD) 69.60; 14.06 66.73; 12.06 <0.001
Sex <0.001
- Males 5463 (37.8%) 8987 (62.2%)
- Females 4663 (42.9%) 6197 (57.1%)
Charlson comorbidity index (mean; SD) 0.97; 1.39 0.50; 0.95 <0.001
Presence of metastatic disease (stage 1V) <0.001
- Non-metastatic 7087 (35.7%) 12,750 (64.3%)
— Metastatic 3039 (55.5%) 2434 (44.5%)
Sidedness’ <0.001
- Proximal/right-sided (up to splenic flexure) 4539 (48.3%) 4849 (51.7%)
- Distal/left-sided (starting from splenic flexure) 5380 (34.6%) 10162 (65.4%)
First recorded treatment <0.001
- Surgery 6924 (37.1%) 11,723 (62.9%)
— Other treatments 1560 (36.8%) 2668 (63.2%)
- None/observation/refused 1642 (67.4%) 793 (32.6%)
Zone of residencef <0.001
- South Zone 807 (37.9%) 1324 (62.1%)
- Calgary zone 3082 (37.8%) 5062 (62.2%)
- Central zone 1628 (42.7%) 2184 (57.3%)
- Edmonton zone 3180 (37.7%) 5244 (62.3%)
— North zone 1428 (51.1%) 1367 (48.9%)

TThere were 380 patients who have unknown side of the primary tumor; and there were four patients who have unknown zone of residence.
ED: Emergency department.

Percentage of different emergency department diagnoses prior to colorectal cancer diagnoses
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Figure 2. Percentage of first-recorded emergency department visit diagnoses within the included patients. GI:
Gastrointestinal.

(OR: 1.38; 95% CI: 1.35-1.41), metastatic disease (OR: 2.37; 95% CI: 2.23-2.53), proximal tumors (OR: 1.59;
95% CI: 1.50-1.68) and North zone (OR vs south zone: 1.75; 95% CI: 1.55-1.98) (Table 2).

Similarly, the following factors were associated with frequent (>3) ED visits: female gender (OR: 1.53; 95% CI:
1.30-1.81), higher comorbidity index (OR: 1.32; 95% CI: 1.26-1.40), metastatic disease (OR: 1.83; 95% CI:
1.53-2.18), proximal tumors (OR: 1.30; 95% CI: 1.10-1.54) and North zone (OR: 2.02; 95% CI: 1.50-2.72)
(Table 2).
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Figure 3. Prevalence of specific emergency diagnoses. Prevalence of specific emergency diagnoses according to (A)
age category; (B) sex; (C) side of the primary tumor.
Gl: Gastrointestinal.

Discussion
The current study reviewed patterns of emergency department (ED) visits before colorectal cancer (CRC) diagnosis
in a large Canadian province. Almost 40% of patients diagnosed with CRC visited the ED at least once in the
3 months prior to their diagnosis. Factors associated with frequent pre diagnosis emergency visits included female
gender, comorbidity burden, advanced disease, proximal tumors and residence within the North zone of the
province (where there is limited access to specialist care).

Itis notable also that a small percentage of patients have an ED diagnosis of CRC (although, these visits happened
before the date of pathological diagnosis of CRC). A possible reason might be related to the fact that some of these
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Table 2. Multivariable logistic regression analysis for factors associated with any emergency department

visit and multiple (=3) emergency department visits in the 3 months prior to colorectal caner diagnosis
(analysis done on 24,838 patients with complete information).

Variables Any ED visit Multiple ED visits
OR (95% CI) OR (95% CI)

Age (included as a continuous predictor) 1.010 (1.008-1.012) 0.997 (0.990-1.003)
Sex

—Males Reference Reference

—Females 1.23 (1.16-1.30) 1.53 (1.30-1.81)
Charlson comorbidity index (included as a continuous predictor) 1.38 (1.35-1.41) 1.32 (1.26-1.40)
Presence of metastatic disease (stage IV)

— Non metastatic Reference Reference

— Metastatic 2.37 (2.23-2.53) 1.83(1.53-2.18)
Sidedness

— Distal (starting from splenic flexure) Reference Reference

— Proximal (up to splenic flexure) 1.59 (1.50-1.68) 1.30 (1.10-1.54)
Zone of residence

- South zone Reference Reference

— Calgary zone 1.02 (0.92-1.14) 0.33 (0.23-0.46)

— Central zone 1.19 (1.06-1.33) 1.33 (0.99-1.80)

— Edmonton zone 0.93 (0.84-1.03) 0.45 (0.33-0.61)

— North zone 1.75 (1.55-1.98) 2.02 (1.50-2.72)

ED: Emergency department; OR: Odds ratio.

patients might have radiological or other nonpathological evidence of CRC (e.g., rectal mass on rectal examination)
and so a provisional diagnosis of CRC was made at the ED before pathological confirmation of the disease.

Several explanations can be provided for the observed gender differences in ED visits. In a previous qualitative
synthesis of evidence regarding delays in cancer presentation, there was an observed reluctance for men compared
with women with regards to seeking help for potential cancer-related symptoms [10]. Likewise, a UK study has
suggested that, within a study sample of 3.8 million individuals, women were more likely to visit their general
practitioner to report health-related issues compared with men [11]. The geographical disparities in ED visits
(particularly for the North zone vs other provincial zones) are striking and are consistent with previously published
data from our group suggesting challenges in access to routine healthcare within the North zone of the province [12].
This is probably related to low population to landmass ratio in this part of Alberta, longer driving time to elective
ambulatory healthcare facilities, and, thus, more diagnoses of CRC were based on emergency visits rather than
routine assessments through family physicians and specialists. This is also consistent with publicly available mortality
data from the province of Alberta showing higher cancer mortality within the North zone of the province [13].
A higher likelihood of proximal (rather than distal) CRC is possibly related to the current standard of CRC
screening in Canada, where sigmoidoscopy (rather than colonoscopy) is the endoscopic intervention of choice for
screening of CRC [14] or it could be related to likelihood of noticing hematochezia, a change in the caliber of stool,
tenesmus, etc., in distal tumors when compared with more proximal tumors [15]. As shown previously by our group,
a sigmoidoscopy-based approach is likely to be associated with missed proximal cancers and; thus, more likelihood
for these cancers to present emergently [16].

Distribution of the three emergency diagnoses of interest (anemia, abdominal pain and gastrointestinal hemor-
rhage) within subsets of CRC patients is also relevant. Notably, anemia and gastrointestinal hemorrhage were more
likely among elderly individuals, while abdominal pain was more likely among younger individuals. Likewise, the
fact that proximal tumors were more likely to be associated with a higher prevalence of the three diagnoses might be
related to the higher possibility of ED visits among patients with proximal tumors versus those with distal tumors.

The current study has several limitations that need to be acknowledged. First, reported diagnoses in this study are
based on recorded diagnoses by emergency physicians for each case. It is possible that for some CRC patients with
a main presenting emergency diagnosis of (e.g., intestinal obstruction, gastrointestinal hemorrhage or nonspecific
abdominal pain) that those patients have had other diagnoses (e.g., anemia) that was either not captured at the level
of the ED or it was captured as a secondary diagnosis. Second, the retrospective nature of data collection might
be associated with potential biases (e.g., related to missed information or unaccounted-for confounders) which
might have impacted the veracity of the study analyses. Third, although we exercised our best efforts to ensure
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the veracity of the results of the current analysis, there is still a margin of error related to the coding process of
ED diagnoses as well as coding process within the provincial cancer registry. Fourth, data for cancer diagnoses as
well as ED visits are limited to healthcare facilities within Alberta. Therefore, if a person moves to or from Alberta
(in the period between ED visit(s) and CRC diagnosis), this person’s encounter with ED would not be captured
in the current study (as there is no centralized interprovincial registry of healthcare use among different Canadian
jurisdictions). Fifth, as described in the methods section, this study is based on administrative databases rather
than chart-level data mining. Thus, we cannot establish whether each of these emergency visits were the reason(s)
behind cancer diagnosis in each case. These limitations need to be weighed against the strengths of the current
study: most notably, the reliance on data collection within a single-payer public health system where central coding
of all hospital encounters of all patients in the province is entertained.

Although each of anemia and gastrointestinal bleeding accounted for less than 10% of total emergency room
diagnoses, these clinical scenarios are likely to be encountered by family physicians and highlight the importance of
considering CRC as a potential underlying etiology for patients presenting with any of these presentations. Alberta
is creating a CRC diagnosis pathway with a clinical checklist for iron deficiency anemia and rectal bleeding to help
family physicians identify patients who may have an underlying diagnosis of CRC [17]. Referrals for endoscopy will
be prioritized based on the clinical checklist with the aim to accelerate CRC diagnosis and treatment, hopefully
resulting in a concomitant reduction in ED utilization.

Conclusion

Almost 40% of CRC patients visit the ED at least once within the 3 months preceding their diagnosis. Factors
associated with frequent pre diagnosis emergency visits included female gender, higher comorbidity burden,
advanced disease, proximal tumors and living within the North zone of Alberta (where there is limited access to
specialist care). Further efforts are needed to reduce emergency diagnosis of CRC.

Summary points

e Linked provincial registries in Alberta, Canada, were accessed and patients with colorectal cancer
(CRC) diagnosed between 2004 and 2018 were identified.

e The National Ambulatory Care reporting system was used to identify patients who visited an emergency
department (ED) within 3 months of a diagnosis of CRC.

e Multivariable logistic regression analysis was used to identify factors associated with any ED visits as well as
frequent (>3) ED visits.

e A total of 25,310 patients with CRC were included in the current study. These include 10,126 patients (40%) who
had at least one visit to the ED in the 3 months before a diagnosis of CRC diagnosis and 613 patients (2.4%) who
visited the ED multiple (>3) times.

e The following factors were associated with any visit to an ED: older age (OR: 1.010; 95% Cl: 1.008-1.012), female
gender (OR: 1.23; 95% Cl: 1.16-1.30), higher comorbidity index (OR: 1.38; 95% Cl: 1.35-1.41), metastatic disease
(OR: 2.37; 95% ClI: 2.23-2.53), proximal tumors (OR: 1.59; 95% Cl: 1.50-1.68) and North zone (OR vs south zone:
1.75; 95% Cl: 1.55-1.98).

Supplementary data
To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
suppl/10.2217 /cer-2021-0163
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