990 Quality of Life through Quality of Information
J. Mantas et al. (Eds.)

10S Press, 2012

© 2012 European Federation for Medical Informatics and 10S Press. All rights reserved.
doi:10.3233/978-1-61499-101-4-990

Analyzing Primary Care Data to
Characterize Inappropriate Emergency
Room Use

Justin StMAURICE*>', M. H. KUO*®
“School of Health Information Science, University of Victoria, BC, Canada
b School of Health and Life Sciences, Conestoga College, Ontario, Canada

Abstract. Primary care data represents the complete biopsychosocial profile of the
patient and has recently become available for secondary analysis in Ontario. This
study involved extracting de-identified primary care data and analyzing it with
natural language processing to extract UMLS codes. These codes were used to
statistically relate inappropriate emergency room use to biopsychosocial concepts
with logistic regression. The concepts of pain and mental health were statistically
significant. This technique demonstrates a creative use of primary care data. It
could be used to analyze system use in other health care settings.
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Introduction

Significant investments have been made to computerize the primary care system in
Ontario. Whereas other fields of medicine are focused on a primarily biomedical
framework, primary care assesses the complete biopsychosocial profile and provides
regular patient-centered assessments. In Ontario, the digitization of primary care has
reached over 40 percent and it has become available for secondary analysis.

The primary care data set potentially contains all health events in a person’s life.
The data should include information about morbidity, treatment, outcomes and health
care utilization [1]. Previous studies have examined the question of inappropriate
emergency room use through the use of inpatient surveys and questionnaires. With
access to primary care data, there are new opportunities to answer the question of
inappropriate emergency room use. This study aimed to characterize emergency room
use with primary care data.
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1. Literature Review

Many studies noted that inappropriate use of the emergency room or department was a
costly phenomenon that has been increasing [2-11]. The issue of inappropriate
emergency room use as a critical question for the long term sustainability of their
healthcare system was also highlighted.

Previous studies of inappropriate emergency room relied on patient surveys,
interviews or questionnaires [2-8], emergency room registries [9, 10] or both [11].
During a literature review, no studies were found that related data from primary care
records to inappropriate usage. Each study [2-11] concluded there were reportable
differences in inappropriate emergency room use between the groups they studied.

2. Methods
2.1 Sample Data

Wilcox et al. observed that of 3,348 physicians, only 8% were storing data in structured
forms [12]. In contrast, the same study found that 75% of those physicians were
consistently entering or dictating encounter notes and medication information. Given
its broader use, free text in primary care medical record systems was used for this study.
A clinic in Guelph, Ontario, Canada was selected for the study. 8 physicians
provided de-identified records. The physicians had different types of educational
backgrounds (5 different universities), age (30 year range), and years in practice (25
year range). The patient population from the physician cohort included 13,878 records.
The records were exported in OntarioMD’s CDS 3.0 format. Free text content was
exported from the sections “MyClinicalNotes”, “PastHealth”, “PersonalHistory”,
“ProblemList” and “RiskFactors”. The de-identified records were linked to de-
identified data from the Guelph General Hospital by using a common health card hash.

2.2 Design and Procedures

In order to analyze the free text data, it needs to be converted into codes. This can be
achieved through Natural Language Processing (NLP). MetaMap 2011 was used as the
core NLP tool in this study [13]. MetaMap takes sentences and returns annotations
from the Unified Medical Language Syntax (UMLS) database. Based on a minimal
commitment parser, records are split into chunks and annotated with codes. The parser
is based on the notion of a special set of barrier words that indicate boundaries between
phrases. These barrier words make it possible to run MetaMap without a training model
[14]. The General Architecture for Text Engineering (GATE) tool was used in
conjunction to pre-process the free text content [15,16]. The GATE tool then forwarded
sentences to MetaMap 2011 through a plugin [17]. Both tools were embedded into a
customized software application created for this study.
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2.3 Data Analysis

The classification of inappropriate or appropriate ER use was computed with the same
method as Field et al. [3] by using the Canadian Triage and Acuity Scale (CTAS). A
score of 4 or 5 was considered inappropriate.

The annotation results generated by the custom software were stored in a MySQL
database. Binary logistic regression was performed with R [18]. Results were exported
from MySQL. Each record formed a row, and concepts formed columns. In R, a for-
loop was used to regress each UMLS concept in the model InappropriateUseYN ~ Age
+ Gender + Code,. For each column representing an UMLS code, a zero represented
the absence of the code in the patient record and 1 presented the presence of a code in
the patient record. To minimize the effects of random error, only UMLS concepts with
p-value < 0.001 were used. In addition, to maximize clinical relevance only UMLS
concepts with more than a doubling effect on the odds of using the emergency room
inappropriately (OR < 0.5 or OR > 2.0) were selected. 417 concepts met these criteria
and were exported to a list. The list was presented to the Chief of Staff of the Guelph
General Hospital and sorted as either “Biological Symptoms”, “Diagnosis”,
“Psychological”, “Social”, “Drugs”, “Regional Oddities”, “EMR Oddities” or “Other”.

3. Results

Over a three year period (Nov. 1, 2008 to Oct. 31, 2011) the patient cohort had a 26%
incidence of emergency room usage. During this period, 1931 patients had used the
emergency room inappropriately (13.9%). In comparison, in the previous year 798
patients had used the hospital inappropriately (5.7%). Overall, 39.13% of emergency
room visits were considered inappropriate.

There were 10,823,636 annotations extracted from the 13,836 records in the cohort.
The number of codes per patient varied from 1 to 9031. There were 38,263 distinct
UMLS codes. The number of distinct codes per record varied from 1 to 1896. 33,446
distinct codes (87.14%) were only present in 100 different records. Only 4028 (10%)
of the total distinct codes were found in at least 1% of the records. Most annotations
occurred more than once in a patient record.

14 of the UMLS concepts (41%) that were categorized in the physical symptoms
category involved pain related concepts. These results are shown in Table 1. Another
common theme in the retrieved concepts were mental health related concepts, such as
bipolar (OR = 2.43), anorexia (OR = 2.35), psychiatric problem (OR = 2.42) and
Attention Deficit Hyperactivity Disorder (OR = 2.31).

Table 1. UMLS Concepts representing pain.

UMLS UMLS Name Beta  Probability  Inappropriate Inappropriate Odds
Concept Use Use Ratio
1D (with code) (without code)
C0000737 Abdominal Pain 0.881 <0.001 n=188(36.9% ) n=1743(15.3%) 241
C0278140 Severe pain 0.858 <0.001 1n=131(36.3%) n=1800( 15.6% ) 2.36
C1963236 Sinus Pain 0.856 <0.001 n=50 (37.6% ) n=1881(16.0% ) 2.35
Adverse Event

C0030193 Pain 0.84 <0.001  n=1031(25.4%) n=900 (11.5%) 2.32
C1963242 Stomach Pain 0.811 <0.001 n=56 (36.1%) n=1875(16.0% ) 2.25

Adverse Event
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C1962977 Pain NOS 0.772 <0.001 n=1300(21.3%) n=631(10.9%) 2.17
Adverse Event

C0150055 Chronic pain 0.746 <0.001 n=119(32.5%) n=1812(15.7%) 2.11

C0016199 Flank Pain 0.74 <0.001 n=97(33.0%) n=1834(15.8%) 2.1

C0740418 Chronic back 0.714 <0.001 n=60(32.3%) n=1871(16.0% ) 2.04
pain

C0234254 Radiating pain 0.713 <0.001 n=48(32.4%) n=1883(16.0% ) 2.04

C0030794 Pelvic Pain 0.707 <0.001 n=104(32.0%) n=1827(15.8%) 2.03

C0748706 side pain 0.704 <0.001 n=41(32.3%) n=1890(16.1%) 2.02

C0741585 BODY PAIN 0.703 <0.001 n=50(32.5%) n=1881(16.0%) 2.02

4. Discussion

As shown in Table 1, the theme of pain as a reason for inappropriate emergency room
surfaced through the analysis. This concept is well supported by a variety of literature,
as discussed by Pereira et al. [19]. Mental health themes also surfaced as an important
dimension and is consistent with literature discussed by Keene and Rodriguez [20]. The
themes of pain and mental health are also consistent with anecdotal information from
the Guelph community. Though very promising, the methodology and results require
further refinement before the results can be interpreted and used for decision making.

Binary logistic regression was used in the analysis to demonstrate the simple use of
primary care data in the analysis. However, the model only considered a single
component of a broad biopsychosocial profile in each computation. Though
significantly more complicated, concepts could be grouped and analyzed together to
form “constellations” of terms that would better depict a complete patient profile.

The use of CTAS for the categorization of inappropriate use of the emergency
room has been debated. Whereas it is supported by existing literature as a method, it is
easily characterized as an oversimplification of a complex issue. There are a variety of
legitimate reasons for using the emergency room that would be categorized as
inappropriate incorrectly through this study, including suture removals, early morning
care or basic, non-critical first aid. The selection of CTAS was based on the availability
of data and served as a reasonable proxy measure.

Another limitation is technical; the MetaMap analysis was unable to properly
disambiguate some terms, nor was it designed for this specific application. It was not
able to properly interpret the difference between the narrative that the ‘patient was
kicked in the face at the bar’ versus that the ‘patient was kicked out of the mental
health support group’. There were also instances of ‘regionalism’ in the narrative that
were not properly interpreted. For example, the abbreviation of ‘GGH’, intended to
mean ‘Guelph General Hospital’, was interpreted as a reference to the ‘GGH Gene’.
This failure to disambiguate abbreviations highlights the geographic nature of natural
language technologies and the complexity of their applications in each health care
community. These inaccuracies in the natural language processing component of the
analysis introduced significant noise which was reduced by limiting the statistical
significance of results. Different configuration settings or tools should be used to
explore reducing this error in subsequent research aimed at further refining this
methodology.

The potential uses of this methodology are numerous. Further refined, the
methodology could be used to characterize the use of community health services,
mental health clinics, social services or specialists. The technique would also prove
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very interesting to public health agencies who are seeking to use primary care data for
secondary purposes.

5. Conclusions

Despite some limitations, this study has demonstrated a novel use of primary care data
to characterize the inappropriate use of emergency rooms in Canada. Free text was
converted into UMLS concepts through a custom software application. Through the
analysis, the themes of mental health and pain were associated with inappropriate
emergency room use. These results are consistent with existing literature.

Future work surrounds the use of the current data which can be used to provide
additional insight regarding emergency room use by investigating other relationships
between CTAS levels, physicians and biopsychosocial concepts.
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