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Abstract

Non-urgent use of Emergency Departments throughout Canada has long presented a conundrum for hospital admini-
strators and health service planners. On the one hand, perceptions persist that those non-urgent users contribute to
overcrowding, higher costs of care and longer wait times. On the other hand, non-urgent users do not appear to increase
wait times for high-acuity patients; they perceive their condition to be acute, or claim not having convenient access to
primary medical services. The objective of thisstudy isto investigate factors associated with emergency demand for minor
conditions using administrative data aswell as geographical and socioeconomic characteristics as captured by Pampalon’s
deprivation indexes. We reviewed 42 months of administrative data (2006 — 2009) of minor emergency visits in two
hospitals in Sherbrooke, QC, Canada. Data mining algorithms were applied to classify the visits and detect major
utilization patterns of Sherbrooke residents. Lower priority visits (CTAS 5) continued to increase in the city hospital
following aremodel. Adult residents tend to choose the closest ED, and children mainly go to the regional hospital ED.
The use of ED for minor conditions (CTAS level 4 and 5) was higher in the most deprived communities, whether
materially or socially. The most common diagnostic codes wereinjuries and poisoning, ill-defined conditions, respiratory
problems, digestive system problems, musculoskeletal, and mental health conditions, with 15% of the visits not completed
because patients left before seeing a doctor. Two Sherbrooke boroughs, with no walk-in clinics, generated the majority
(57%) of all non-urgent visits. We forecast the reduction in the number of visitsto ED if two walk-in clinics were opened
in these boroughs.
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1 Introduction

Non-urgent uses of Emergency Departments throughout Canada have long presented a conundrum for hospital adminis-
trators and health service planners. On the one hand, perceptions persist that those non-urgent users contribute to
overcrowding, higher costs of care and longer wait times [*'2. On the other hand, non-urgent users do not appear to
increase wait times for high-acuity patients, perceive their condition to be acute, or claim not having convenient access to
primary medical services [*3. While non-urgent users do not affect wait times for high-acuity patients, they, themselves,
tend not to be seen in a timely manner. Long waiting hours result in patients frustration, wait-room crowding and in
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many cases patients leaving without being seen (LWBS) * °!. Redirecting non-urgent demand to other less expensive
aternatives may reduce the use of ED asit wasfound that accessto a primary care physician was astatistically significant
predictor of the likelihood and rate of emergency department utilization in low severity cases!®.

Several studies evaluated patient and system characteristics that influence ED use for non-urgent or minor problems.
Key factors include proximity to primary care providers (PCPs), age and gender ¥, and socio-economic status as
predictors of ED use. High use of ED was found in association with high education level, lack of registration to a health
plan, and problems of delivery of services [®. Surveyed patients mentioned many factors affecting their preferences of
PCP including proximity, satisfaction with care, worsening symptoms, unavailability of care in a regular clinic I and
incompatible office hours ®. However, timely access barriers were found independently associated with ED use, even
after adjusting for other socioeconomic and health-related factors ). Most of these studies were based on samples of
administrative data and/or patient’ s opinions.

The purpose of this paper isto use administrative data of two regional hospitalsin Sherbrooke, QC, Canadato comprehend
the use of hospital emergency rooms for minor problems, to probe relationships between site of choice, diagnostic codes,
and demographic variables, and to link administrative datawith levels of social and material deprivation ™.

There are three hypotheses to test on the use of ED for minor emergencies: 1) residents prefer the closest ED, 2) there are
no differencesin use of ED among residentsin different levels of social and material deprivation, and 3) the distribution of
diagnosis codesissimilar in all city areas or communities.

2 Methods

Thiswas aretrospective study consisting of administrative data collected from the two hospital s of the University Hospital
Center in Sherbrooke, QC. The database contained all ED visits classified as CTAS levels 4 and 5 from June 30, 2006 to
December 31, 2009. CTAS or the Canadian Triage and Acuity Scale is a national scheme for rating the urgency of
presenting ED visit with arating of 1 being most emergent and 5 being non-urgent. During the three and a half year period
studied, 196,153 visits to the two hospitals were captured that met the criteria. In addition to CTAS level, we analyzed the
visit information to determine the community of origin (by postal code), the first diagnosis assigned (ICD-9 code), date
and time of the visit, arrival mode, age, sex, and gender.

2.1 Postal codes and communities

There are six boroughs in the city of Sherbrooke with different demographic and socioeconomic characteristics. Each
borough has several communities. Because administrative databases contain no socio-economic information about the
persons concerned, we introduced area based indicators. We added two geographical fields to each visit: the municipality
and a number indicating the community to which the postal code belongs. For the city of Sherbrooke, we added a material
and asocial deprivation index ¥ as proxy measures of the community’ s socioeconomic conditions.

In order to understand the use of EDs by Sherbrooke residents we found the number of users per borough, its population,
and then we linked the number of visits per user with Pampalon’ s deprivation indexes!™. We obtained these indexes from
the OEDC website [*?. These indexes are based on “six indicators selected for their known relationships with health
and their affinities with material and social deprivation”. Pampalon divides the deprivation scale into two categories:
social and material. Theindicators for material deprivation are persons without a high school diploma; ratio employment/
population, and average personal income. The socia deprivation scale considers proportion of persons living alone; the
proportion of individuals separated, divorced, or widowed; and the proportion of single-parent families. We assigned a
number to each quintile from 1 (most privileged) to 5 (most deprived).
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2.2 Diagnostic codes

Each visit may have one, several, or in rare cases no diagnostic code assigned to the encounter. In 92.6% of cases, athree
or four digit ICD-9 numerical code was assigned. The remaining 7.4% of the visits only contained a word description or
were missing. For cases with multiple ICD-9 codes, only the first code was included in the analysis. For patients admitted
to the hospital, the diagnostic code(s) were those assigned at the time of admission.

2.3 Geographical area and health care facilities

Patients visiting the EDs came mainly from the Eastern Townships (called Estrie) in the Southeastern part of Quebec,
Canada. According to the 2006 census, this area had 302,901 inhabitants. The areais divided into seven zones, six of them
called regional county municipalities (MRC). The city of Sherbrooke is the seventh zone, smallest in area but comprising
50% of the population of the Eastern Townships. Each MRC has a local health care clinic (CLSC), four MRCs have a
small hospital (H) and there are a number of private medical practices. Two MRCs, Val Saint Francois and Haut Saint
Francois have no 24/7 service and are located close to the Fleurimont hospital. Accessto public and private servicesisfree
for all Canadians and permanent residents. However, access is not always possible as some doctors do not accept new
patients, most clinics work on appointment only, and only a few clinics accept walk-in patients. While it is difficult to
know with certainty the number of personsin this areathat have afamily doctor, the only accessible points of access 24/7
to primary health care for al residents are hospital emergency departments.

There are two hospitals in Sherbrooke: |"hépital Fleurimont (HF), located in the outskirts of Sherbrooke, and a city
hospital, I"H6tel-Dieu (HD), that constitute the CHUS, Sherbrooke’ s university hospital center. The two hospitals offer
emergency services mainly to the population of the Eastern Townships, although they admit patients in need from any
other region. All patient information used in this study was decoded to protect the identity of the patients and comply with
CHUS confidentiality guidelines. Our study only includes visits to these two hospitals.

2.4 Data mining algorithms

We used SPSS (IBM SPSS version 20) to analyze and classify the ED visits. A first description of the data was presented
in aposter session ¥ including the maps obtained with ArcGIS-9 software. No statistical tests were performed as the study
was not based on samples. To classify the visits and obtain insight on the factors affecting ED demand we used the
Classification and Regression Tree routine (CRT) of the Decision tree module of SPSS; although other alternative
methods (CHAID, QUEST, and Exhaustive CHAID) were also tested they did not produced better results in terms of the
percentage of good classifications. Lieu (HD or HF) was the dependent variable. Independent variables selected were age,
first diagnostic code, community, triage level, and date. Other variables like sex, mode of arrival, date and time of visit,
and diagnostic code were not identified by the regression tree algorithms as important enough to create a different
classification. The minimum number of casesin a parent node was set to 600 and the minimum cases in child node to 300.
The minimum improvement to continue branching was 0.005. The classification obtained has 70% accuracy.

3 Results

Thedistribution of visits by emergency department and triage level isshown in Figure 1. On adaily basis, the city hospital,
HD receives more CTAS-4 visits than the regiona hospital HF and this demand seems stable in both EDs since the
summer of 2008, when the ED of the city hospital HD was enlarged and renovated (see Figure 1a). The regional hospital
HF has seen a decline in CTAS-5, with similar number of visits than the city HD since 2009 probably because of the
remodeling of the emergency department in HD (see Figure 1b).

3.1 Patients’ choice of ED

Over the 3% yearsstudied, visitsare equally split between thetwo facilities: 49% for HD and 51% for HF. However, when
considering patients' characteristics three patterns of patient utilization emerged: 1) Children less than 13.5 years old
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are taken mainly to HF, 2) Menta health conditions were primarily treated at the city HD hospital, and 3) CTAS4
are predictably organized by place of residence with urban residents using mainly HD and more suburban and rural
residents using HF. Sherbrooke residents go mainly to the city HD, as expected, except for the two boroughs closest to HF
(Brompton and Rock Forest). We found diagnoses of mental illnesses mainly at the city HD and maternity related visits at
HF, a choice made by the administration of the two hospitals.
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Figure 1. Daily visits from 2007 — 2009

3.2 Origin of visits

Patients from the city of Sherbrooke account for almost 50% of the population of the Eastern Townships, but they
generate 70.4% of the CTAS-4 &5 visits (see Table 1). High volumes of visits also originated from the communities of
Val Saint Frangois and Haut Saint Frangois, representing 17.8% and 17% of visits respectively. It should be noted that Val
Saint-Frangois has a minor emergency room open around 12 hours per day. In the rest of the paper, we focus specifically
on the demand from the population of the city of Sherbrooke.

Table 1. Distribution of visits by MRC

MRC fied —

HD HF Total Visits (%) pop 2006 (%)
Sherbrooke 77,003 61,104 138,107 704 49.3
Le Val-Saint-Frangois 5,104 12,882 17,986 9.2 9.7
Le Haut-Saint-Francois 6,187 10,654 16,841 8.6 7.3
Memphrémagog 3,992 7,092 11,084 5.7 152
Coaticook 2,692 3,294 5,986 31 6.2
Des Sources 1,047 2,235 3,282 17 4.8
Le Granit 653 1,071 1,724 0.9 7.5
Not assigned 294 749 1,043 0.5
Total 96,972 99,081 196,053

3.3 The city of Sherbrooke

Since 2007, thetotal number of CTAS-4& 5 visitsdecreased in total, but we observed an increase in the Mont Bellevue and
Jacques Cartier boroughs (see Figure 2), with Fleurimont and Mont Bellevue consistently generating more visits than
the other four boroughs. This fact can be explained partially by population as they are the most populated boroughs in
Sherbrooke, but there are other important socio-economic characteristics that we present below.
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Figure 2. Evolution of the number of ED visits by borough

Figure 3 shows a high number of visitsto the ED per user in areas with high deprivation indexes, either social or material.
We notice many communities with ahigh level of social deprivation (quintile 5) and many materialy privileged (quintiles
1 and 2). The most socially deprived (SDI = 4, 5) represent 62% of the population of Sherbrooke, whereas 64% of the
population is materially privileged (MDI = 1, 2).
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Figure 3. Number of visits per patient and by community deprivation indexes

The deprivation maps ™ shown in Figure 4 portray each community with a color indicating the quintiles of deprivation
and the percent of users from the community. These maps were prepared using the ArcGIS-9 software based on the data
and charts available at the OEDC website. We observe that the percent of population using the ED is higher in more
deprived communities, but the more socially deprived (SDI = 5) tend to have higher usage than the more materially
deprived (MDI = 5), so socia deprivation is an important factor affecting the use of emergency services. The location of
the two hospitalsisindicated in the figures. Most of the socially deprived (red zones) live closeto the city hospital HD and
alarge community of socially deprived lives close to the HF.

Figure 5 showsthe number of visits per 100 inhabitants classified by the level of material and social deprivation. The most
deprived communities (quintile 5) generated around 25% of all coded visits, with minor differences between socia and
material deprivation. Although we seethat in very socially deprived communities a high percent of the population use the
EDs, we observe that material deprivation gives larger number of visits per 100 inhabitants than social deprivation does,
with larger differencesin quintiles 3 and 4.

Published by Sciedu Press 65



www.sciedu.caljha Journal of Hospital Administration, 2014, Vol. 3, No. 4

B : s N : E s [ sorougn desminen i

B s B« B s [ sorcusn desmmson

Figure 4. Percent of population using ED by communities and deprivation levels
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Figure5. Use of ED by material and social deprivation of communities

The distribution of visits by borough is presented in Table 2. Overall, 44% of the population used the ED at least once
during the three and a haf years of study, with two boroughs displaying a larger percent. Residents of Fleurimont and
Mont Bellevue generated 57% of al visits and had 15% more visits per user than patients from any other borough.

We must indicate that 42% of Mont Bellevue residents live in communities with avery high level of material deprivation
and 62% of residents live in communities with a very high level of socia deprivation. Fleurimont has less material
deprivation than Mont Bellevue, but 62% of itsresidentslivein very high socialy deprived communities. It isimportant to
mention that these two boroughs have no primary care clinic and no walk in clinic nearby. The provision of medical
services for these patientsin an emergency department may well resolve the presenting situation, but may not adequately
address contributing factors or manage complex conditions. Without any other alternative for such patients, the ED
becomes the most convenient and obvious site for care.
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Table 2. Users and visits per borough

Borough #users #visits #visits /user user s/pop pop
Brompton 2,566 5,105 2 42% 6070
Fleurimont 19,464 45,200 23 48% 40255
Lennoxville 2,258 4,379 19 41% 5545
Mont Bellevue 15,085 33,515 22 46% 33060
Rock Forest - St Elie -Deauville 11,719 22,545 19 38% 30755
Jacques Cartier 13,219 27,363 21 2% 31745
Sherbrooke-total 64,311 138,107 21 44% 147430

3.4 Main diagnostic codes

With the exception of the 7% not coded visits from Sherbrooke residents, we aggregated all diagnostic codes into ICD9
clusters™™. The clusters were sorted by total incidence, by triage code, and by hospital ED (see Table 3). The city hospital
HD received more visits than the regional hospital HF, with CTAS-4 visits comprising more than twice the number of
CTAS-5 visits, as shown previously in Figure 1.

Table 3. Distribution of the most frequent diagnostic codes in Sherbrooke

Triage 4 Triage5

IDC_1 code Lieu Lieu Total %

- HD HF Total HD HF Total
Injury and poisoning 12,214 6,712 18,926 1,804 3,857 5,661 24,587 19%
L eft without seeing doctor 8,352 2,746 11,098 4,093 4,015 8,108 19,206 15%
I11-defined conditions 6,623 4,707 11,330 687 1,790 2,477 13,807 11%
Respiratory System 4,743 4792 9535 924 3075 3999 13534 11%
Digestive System 4,615 3,057 7,672 411 1,116 1,527 9,199 %
Skin and subcutaneous tissue 3,896 2,092 5983 883 1,854 2,737 8,725 7%
Mental illness 5,834 483 6,317 426 204 630 6,947 5%
Circulatory system 2,764 2,535 5,299 322 1,144 1,466 6,765 5%
Nervous System & Sense Org 2,473 2517 4990 464 1,284 1,748 6,738 5%
Other 6,978 6,173 13151 1,812 3976 5788 18939 15%
Total 58,492 35814 94306 11,826 22,315 34,141 128,447 100%

The largest number of visits with a code was for Injury and poisoning (19%), left without seeing a doctor (15%),
ill-defined conditions (11%), diseases of the respiratory system (11%), of the digestive system (7%), of the musculo-
skeletal system (7%) and mental illnesses (5%). These six clusters represent 75% of the coded visits. Mental illnessisthe
most frequent one in CTAS-4 at the city hospital HD (see Table 3). We found strong statistical evidence (chi-squaretest p
~ 0) that the distribution of clusters between the two ED is different, even if considering triage level. We also tested the
distribution of IDC9 clusters by social deprivation and by material deprivation, with similar results; incidence of
diagnostic codes is not the same (chi-sgquare test p ~ 0 in both tests). However, the descending order of incidence of the
diagnostic codes is very similar if we consider the population in each quintile, but the frequency of such cases is quite
different as show below.

We calculated the number of visits per 100 residents classified by deprivation indexes, omitting the persons that |eft
without seeing adoctor. In Table 4 below, we observe high frequency of visitsfor all high levels of material deprivationin
all main diagnostic codes. The greatest gap is found in mental illnesses where visits per 100 residents in materially
deprived communities more than doubled those in the total population. This result is similar to other studiesin the USA
where persons with Medicaid coverage were more likely to have had at least one emergency department (ED) visit in a
12-month period than those in other insurance groups °.
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Table 4. Visits per 100 residents by material deprivation index

e privileged < MDI > deprived

1 2 3 4 5 Total
Injury & poisoning 14.76 16.19 18.17 20.03 18.67 16.68
111-defined conditions 8.26 8.60 10.76 11.32 11.21 9.37
Respiratory system 8.09 8.63 10.62 10.12 10.97 9.18
Digestive system 5.54 5.63 7.00 7.72 7.86 6.24
Muscul oskel etal 4.85 5.37 7.21 7.62 7.25 5.92
Mental illnesses 3.35 3.30 5.53 7.58 10.07 471
Other 36.09 37.91 48.07 49.75 52.43 41.58
total 80.95 85.62 107.36 114.14 118.46 93.68

A similar finding was observed when calculating the number of visits per 100 residents according to social deprivation
index (see Table 5). The descending order of frequency is almost the same in all levels of socia deprivation but again we
find higher valuesin socially deprived communities. We find that respiratory conditions are the second diagnostic code for
quintiles 1- 3, the more socially privileged communities, whereas it comes third in the more deprived ones. Communities
with high social deprivation had 7.35 visitsfor mental illnesses per 100 residents, compared to 4.71 for the total population
of Sherbrooke.

Table5. Visits per 100 residents by social deprivation index

Iy privileged < SDI > deprived

1 2 3 4 5 Total
Injury & poisoning 15.78 14.46 17.31 15.49 18.26 16.68
I1I-defined conditions 7.25 7.27 8.62 8.33 11.57 9.37
Respiratory system 8.68 8.36 10.47 7.40 10.29 9.18
Digestive system 4,93 4.83 6.65 5.55 7.48 6.24
Muscul oskeletal 4.59 4.36 6.11 5.43 7.16 5.92
Mental illnesses 2.05 2.30 3.19 3.77 7.35 471

4 Discussion

In our first hypothesis, we stated that proximity plays a major role when choosing which ED to visit, with the closest ED
being the preferred site. Overall, there is almost an equal split in the number of visits CTAS-4 and CTAS-5 between the
two EDs. However, when we included population characteristics, children were taken to the regional hospital (HF)
regardless of the distance. We can only speculate that the HF enjoys an excellent reputation, and it may be the birthplace of
many such children, asthe other hospital has no maternity ward. Other userswith CTAS-4 conditions chose the closest ED
for most diagnostic codes. For all users older than 13.5 years old choosing the closest site is coherent with previous work
on other populations .

Our second hypothesis stated that there is no difference in the use of EDs among the communities. The most deprived
communities (quintile 5) generated around 25% of al coded visits, with minor differences between social and material
deprivation. Therefore, communities with high levels of deprivation have a higher use of EDs.

The third hypothesis stated no differences in the prevalence of diagnostic codes among the population and we found that
the six main IDC9 clusters appear in the same descending order for most communities. The large differences occur in the
frequency of such diagnostic codes, with mental illnesses occurring more than twice in materialy deprived communities
than they do in the overall population of Sherbrooke.
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We must point out that 7% of visits were either incomplete or had no diagnostic code. Therefore, the distribution of first
diagnostic codesis based on 93% of registered visits and this may have introduced a bias in the results. The users leaving
before seeing a doctor (14%) received a CTAS-4 in 68% of the cases and 65% occurred at the city hospital HD. The
analysis of these visits will be further studied.

We found two city boroughs generating larger percent of visitsto the EDsalso have alarger percentage of their population
living in communities with very strong social deprivation. Although it is impossible to eliminate all minor emergency
visits, it iswell documented [ that regular accessto primary care servicesresultsin better health outcomes. Thiswould
aso hold true for mental health patients, harder to manage, and who most likely not have accessto the follow-up care they
may need in the context of an ED. We suggest that Fleurimont and Mont Bellevue - that had no primary care clinic and
make high use of the ED for non-urgent conditions could benefit from an expansion of primary care services. We estimate
there is potentia for sizable cost savings by establishing walk-in services in these communities. We may see that if the
percent of their population using the ED go down to around 40% (instead of 48% and 46% respectively) on average, there
would be areduction in non-urgent and less-urgent use of the ED by roughly 14,000 visits per year.

5 Conclusions

Itis alleged [*¥ that one of the main problems with the health care system in Canada is the emphasis placed over the last
40 years on acute care (i.e., hospitals) to the neglect of primary care. Our findings are probably a result of this trend,
suggesting that for certain populations, the acute care setting have become the only setting in which to receive care. Aswe
plan health services for socially deprived communities with limited access to primary care such as those described here,
we must consider the impact of minor emergency visits on the overall quality of healthcare.

Our analysis of administrative data linked to census data through deprivation indexes provided evidence-based research
that highlights areas requiring better accessto primary care, identified socia deprivation as an important factor of ED use,
and constitutes a base scenario for future analyses of minor emergency visits.
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