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Abstract

Through five original studies, this thesis studies if and how electronic medical records (EMRs)
can be used meaningfully to target improvements in chronic disease management in primary care
practices in Ontario. The thesis answers four areas concerning primary care EMRs. First, it
identifies if EMRs can be used to accurately identify patients with chronic disease (COPD).
Second, it studies if EMR systems can measure primary care physicians’ adherence to clinical
practice guidelines for patients with respiratory or cardiovascular diseases (CVD) or risk. Third it
looks at if EMRs can be used to assess provider or patient characteristics that are associated with
the provision or receipt of guideline adherent care respiratory or vascular disease management.
Finally, this thesis examines the barriers to and facilitators for the adoption and routine use of
EMR tools designed to increase guideline-adherence in primary care. Identifying patients with
certain conditions is essential to target quality improvement initiatives and audit current
performance. The thesis demonstrates that EMRs could be used to accurately identify patients
with COPD. Aspects of chronic disease care, namely primary care physicians’ adherence to
clinical practice guidelines and quality indicators for CVD and COPD are possible to measure
when they are quantifiable or coded in semi-structured or structured formats in the EMR. It is
possible to link EMR data to external data sources to investigate if there are provider or patient
characteristics associated with meeting the quality indicator criteria (including the effects of

health service utilization data, socioeconomic data and clinical data). This thesis provides insight



into important considerations for building a quality improvement intervention using EMR data as
a platform or data source by identifying key barriers to, and facilitators for the adoption of EMR-
based tools designed to increase guideline-adherence in primary care. We identified key
limitations to using EMR data to measure primary care quality, which would be important to
consider in future efforts to use EMRs for primary care quality improvement and performance
management. It is essential that policymakers take into consideration sociotechnical aspects of

the healthcare system and delivery when considering the use of EMRs for quality improvement.
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Chapter 1

Introduction

The purpose of this chapter is to:
1. Provide an overview of the thesis and describe the contents of each chapter;

2. Provide an introduction to electronic medical records (EMRs) and their use in primary

care;

3. Discuss the results and limitations of research efforts in Canada related to the use of

EMRs for quality improvement in chronic disease management;
4. Present the research questions; and

5. Outline the theoretical framework used in this thesis.



1.1 Introduction

Electronic medical records (EMRSs) are electronically stored health records of patients in the
form of documents and images, which are usually maintained by a single primary care facility or
system. The electronic nature of these health records enables primary care physicians,
pharmacists, nurses and other health professionals to easily store, retrieve and manipulate patient
encounter information, potentially allowing for improved communication and patient safety. In
particular, the meaningful use of EMRs may benefit health care systems by increasing
efficiencies such as reducing the number of duplicate tests, reducing adverse drug events and
improving overall health outcomes. In 2001, an independent, not-for-profit pan-Canadian
organization called Canada Health Infoway was established and funded by the federal
government to accelerate and coordinate the development and adoption of digital health
solutions, including EMRSs, across all provinces and territories. It was only in recent years that
EMRs have been adopted by the majority of family physicians. The future direction of EMRS is
of importance in health informatics research, as EMRs may play a growing role in strengthening
the primary health care system. Despite this importance, there is still limited knowledge on how
EMRs are being used for the benefit of population health. This thesis will focus on the use of

EMRs in primary care in the province of Ontario.

1.2 Thesis overview

This thesis contains seven chapters discussing the use of electronic medical records for chronic
disease management and quality improvement in primary care. The overall objective of the thesis
is to study if and how EMRs can be used to measure and improve the quality of chronic disease
management in primary care practices in Ontario. The ultimate goal is to use the findings from

the research to increase the use of EMRs as a tool to improve the health of the population.

Chapter 1 provides background information and establishes the motivation for the thesis, poses
the research questions being investigated and introduces the theoretical perspective guiding the

study design.

Chapter 2 contains a retrospective chart abstraction study that demonstrates how primary care
EMR data can be used to identify patients with complex chronic disease. Specifically, the study
develops and validates an EMR algorithm for finding patients with physician-diagnosed COPD

chronic obstructive pulmonary disease (COPD).



Chapter 3 describes the development of quality indicators based on the Canadian Cardiovascular
Harmonized Guidelines Endeavour (C-CHANGE) recommendations, and how primary care
EMR data can be used to measure quality indicators to assess care patterns in the area of
cardiovascular disease (CVD) management.

Chapter 4 reports on the feasibility and limitations of using primary care EMR data to measure
existing quality indicators for COPD, based on the case-finding algorithm presented in
Chapter 2. Specifically, EMR data is used to assess COPD care received by patients at the

population level and how care patterns varied between family physicians (FPs).

Chapter 5 describes a quantitative cross-sectional study that links EMR data with administrative
data to identify patient or physician factors associated with the CVD guideline adherence, as

measured in Chapter 3.

Chapter 6 presents a qualitative study that identifies challenges and barriers to adopting EMR

tools in primary care for quality improvement and chronic disease management.

Chapter 7 summarizes and synthesizes the preceding findings of Chapters 2 to 6, discusses the

limitations and implications of this work and suggests some potential future research directions.

1.3 Background

1.3.1 Electronic medical records and meaningful use

Billions of dollars of support from national organizations such as Canada Health Infoway,1
backed by federal grants and provincial government programs,2-4 has led to an increased uptake
of EMRs across Canada. As a result, the number of Canadian physicians reporting EMR use has
more than doubled from 23% in 2006 to 56% in 2012, and in the most recent Canadian Physician
survey, 86% of Ontario family physicians reported using an EMR .5 It is expected that a further
investment of $350 per capita between 2015 and 2025 is required to achieve the vision of an
integrated information system across the country.s Although the uptake of EMRSs is growing,
there is still a demand from governments, investors and users for evidence of ‘meaningful use’ of
EMR systems showing benefits for health care systems.7,g While EMR adoption has increased,
there remains limited knowledge about the broader challenges regarding EMR use in primary



care settings, and there is a need to ascertain the value of EMRs as well as to understand the

elements of its implementation and adoption to advance its use.o

The concept of ‘meaningful use’ in the context of the United States and its definition based on
the Health Information Technology for Economic and Clinical Health (HITECH) Acto
originated from the pillars of health outcomes policy priorities, such as improving quality, safety,
efficiency, and reducing health disparities; engaging patients and families in their health;
improving care coordination; improving population and public health; and ensuring adequate
privacy and security protection for personal health information. While no equivalent act was
mandated in Canada, the issue of meaningful use of EMRs is also highly relevant to Canadian

primary care where they are being increasingly adopted.

1.3.2 Role of EMRs in primary care quality improvement

The potential to meaningfully use EMR data to capture health information and improve
population health through continuous quality improvement in primary care is particularly
interesting. Primary health care is an integral cornerstone of a strong health care system, and it
has been the focus of governments interested in improving health care systems.11 According to
the Commonwealth Fund’s International Health Policy Survey of primary care physicians and
the public, Canadian primary health care consistently ranks poorly compared to other developed
nations.12,13 Where it lacks the most is in access (e.g., timeliness and after-hours care) and
infrastructure (e.g., widespread adoption of electronic medical records). There is also low
participation in quality improvement, slow uptake of information technology, poor access to care
(in relation to other countries), wide variation in avoidable hospitalizations, and suboptimal
prescribing trendsis-16. Primary care is pivotal to addressing and achieving healthy populations,
prevention of disease, management of chronic conditions, and sustainability of a health care
system, yet there has been limited coordination to collect, analyze and report on its performance.
Without data on performance trends over time and peer comparisons, primary care providers
have limited capacity to generate their own performance data and implement essential quality

improvement.

EMRs can potentially be used to improve quality of primary care. This is predicated on its
meaningful use including accurate and complete recording of data to enable measurement for

quality indicators, and application of tools embedded within the EMR for quality improvement.



Thus, EMRs can be used as both a tool and a source of data to study chronic health conditions
that cause large socioeconomic burden. This thesis will study how EMRs could be used in the
context of improving chronic diseases that affect a large subset of the Canadian population,
including CVD and COPD.

1.3.3 Role of EMRs in improving the management of chronic diseases

CVD places significant burden on the Canadian population, and includes conditions that affect
the circulatory system such as atrial fibrillation, heart failure, and chronic kidney disease (CKD)
that increase the risk of events such as stroke or heart attackiz. More than three million
Canadians are affected by CVD, and the financial burden on the health care system is staggering,
at upwards of $30 billion.17 CVD is the leading cause of preventable death and

disability nationwide, and its impact continues to grow.17 As the number of Canadians with risk
factors for CVD climbs, the prevention, management, and improvement of these conditions in

primary care will become more important.

COPD is characterized by persistent airflow limitation and an enhanced chronic inflammatory
response in the airways to noxious particles or gases such as tobacco smoke.1s Prevalent in over
10% of the population, Canadians’ lifetime risk of developing COPD is more than 25%.18 It is
the most common cause of hospitalization in Canada and the third leading cause of death
worldwideis-22. Studies project an increase in morbidity and mortality from COPD due to the
delayed effects from the progressive increase in the prevalence of smoking observed in previous
years, and an aging demographiczs. Due to management targets becoming more preventive than

reactive, the management of COPD is shifting from the secondary to the primary care settingoa.

Improvement of chronic disease management in primary care at a system level entails monitoring
quality of care over time and across patients and practiceszs. Previous research has shown that
patients with chronic conditions often do not receive the care recommended for them on the basis
of best available evidencezs-s1 demonstrated by system-wide variation in avoidable
hospitalization and sub-optimal prescribing trends.14 This highlights the need for improved
practice and knowledge translation among primary care physicians, which can potentially be met
with the use of EMRs.



1.3.4 Use of EMRs in improving the quality of primary care and chronic
disease management

With the increasing adoption of EMRSs, there is a need for investigation of meaningful secondary
uses of EMRs beyond patient record keepings2,3s. It remains unclear how EMRs can best be
harnessed to further health services research, increase our understanding of the population, and
improve the quality of our healthcaress. In Canada, it has been a challenge to achieve a high
degree of EMR adoption as well as EMR maturityz, but its uptake has grown in the last few
years, with the majority of family physicians in Ontario having adopted EMRs.12 High maturity
from EMRs and surrounding IT infrastructure allow external data linkages to be built and queries
of advanced clinical questions for health services research and population analysis.ss Health care
services research with EMRs is growing and innovating, and there is evidence in the literature
featuring novel ways to use EMRSs linked with additional data sources to answer health service
research questions.ss Traditionally, public health establishments have analyzed population health
status and problems through surveys, vital statistics reporting, and paper-based methodssz.
However, there are limitations to these methods, such as limited sample sizes, recall bias or error,

and high cost.

A review of the literature demonstrated that there was advanced use of EMRs to identify and
study CVD and COPD in primary care. Several studies were identified that showed the
feasibility of using EMR or administrative databases to identify patients with different types of
vascular diseasesss-40. Two papers also looked at risk factors associated with specific vascular
disease, such as hypertensionai,42. Other studies have used EMRs to look at predictive variables
within populations for deep vein thrombosis, to assess clinical interventionsas a4, or used EMR
databases as a surveillance tool for adverse drug events in a target population or for medication
adherencess,ss,45-49. Some studies used EMRs to assess adherence to process and outcome
measures for chronic illnesses, such as monitoring blood pressure, lipids, glycosylated
haemoglobin, or provide feedback to clinicians on their rates of adherence to clinical

guidelinesso-s3.

Previous work evaluating the burden of COPD has primarily been based on cross-sectional
survey data and cohorts in specific populations22 but there is growing evidence of using EMRs to
study this condition in greater depth. Self-reported measures for COPD have been validated

against clinical records and physician diagnosis showing mixed results in the level of accuracy of
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self-report, thus additional information contained in EMRs would provide further diagnostic
confirmationss-s7. In addition, the cross-sectional nature of survey data means that direction of
association is not possible to determiness. More recently, researchers have looked to other
population-based data sources to study COPD, such as administrative claims databasesss-62, but
are limited in the depth and accuracy of details of patient clinical information because they are
created to manage financial transactions rather than for research purposes or patient caress. A
limited number of studies validating the diagnosis of COPD using case definitions in EMRs have
been done in the UK and in Canadass,es-67. Some of the challenges to identifying people with
COPD in EMRs relates to differentiating it from other respiratory conditions, and limited records
of diagnostic tests such as pulmonary function tests (PFTs) or spirometry in the EMR from either

limited use or limited recording in the EMR of its use.

In addition to calculating the prevalence of COPD using EMR data2s, EMR data have been used
in studies examining risk factors associated with the development or exacerbation of COPDes,69;
evaluating COPD intervention programs in Finlando; calculating the risk of adverse cardiac and
respiratory events associated with different COPD drugs in the UK71; and medication utilization
patterns among COPD patients.72 There are currently ongoing initiatives to develop and improve
respiratory data elements and standards in EMRs to facilitate evidenced-based clinical care,
monitoring, surveillance, benchmarking and policy development.2z As well, headway has been
made in using EMRs and electronic order sets for improving the management of acute
exacerbation of COPD, such as improved compliance with clinical practice guidelines and
reduction in the total dose of corticosteroid administered in patients hospitalized for acute COPD
exacerbations.73 Further research is required for the realization of an ideal analytic platform that
can combine the clinical details and depth of EMR data with population-wide health

administrative data to provide a comprehensive COPD surveillance and research program.

EMRs have been increasingly used in the provision of care, surveillance, research, and informing
practice in primary caress, however it is not yet clearly understood how EMRs can optimally
support quality improvement in primary care chronic disease management. While it is important
to assess the various capabilities of EMR systems (e.qg., ability to identify patients with specific
conditions, ability to measure adherence to clinical practice guidelines, ability to construct
statistical models to answer population health based questions), the results would be

inconsequential if physicians were not willing to adopt them for quality improvement initiatives.
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Therefore, in order to increase the meaningful adoption and use of EMRSs, it is essential to

investigate the factors that influence the uptake of EMR tools for quality improvement.

There is evidence that implementation of EMRs provide some benefits to clinical care,
particularly at the in-patient setting. For example, computerized physician order entries reduce
medication prescription errors.74 Further, there is a growing body of evidence that EMRs can be
used to study diabetes care and hypertensionzs, particularly process and outcome indicators that
can identify opportunities for clinical improvement. Several observational studies have shown
EMRs can reduce hospitalizations from diabetes, and that they can be used to build disease
registries, develop clinical decision support systems, and integrate with other patient self-
management tools.7e Other studies have shown that access to EMR data improves physicians’
ability to detect, treat, and control chronic conditions like hypertension.zz However, quality of
care for other burdensome chronic conditions including COPD1s-22 and cardiovascular disease17
have been less well studied with EMR data in Canada. It has been observed in the literature that
there are opportunities for improvement of management of these conditions.2s5-31 Unfortunately,
there is no systematic, ongoing mechanism to provide feedback on performance trends to
primary care physicians nationally or provincially in Ontario. Furthermore, there are gaps in data
availability at practice- and system-levels to measure quality of primary care.7s There is currently
insufficient evidence on how EMRs can be used to measure and improve the quality of chronic

disease management in primary care in Ontario.

In this research project, we investigate how EMRs can be used as a source of data to measure the
performance of clinicians, and how it could be used as a tool to improve the quality of chronic
disease management in primary care practices in Ontario. This research employs the principle of
mixed methods pragmatism through a multi-phase research design informed by theoretical
frameworks that extend across disciplines of health services research, health informatics and
implementation science. The first four studies involve analysis of EMR data available in the
Electronic Medical Record Administrative data Linked Database (EMRALDe®) housed at the
Institute for Clinical Evaluative Sciences (ICES). This phase will consist of quantitative analysis
of primary care practice data to study chronic disease management in Ontario. The last phase
consists of primary data collection and analysis of qualitative data using semi-structured
interviews to identify the potential barriers and facilitators associated with adoption of EMR

tools for quality improvement in primary care practice. In this thesis, the ‘meaningful use’ of
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EMRs is defined as capturing and using health information in the EMR for the purpose of

improving population health through continuous quality improvement in primary care.

1.4 Research questions
The extent of meaningful use of EMRs in Ontario is not well known, and there is limited
research on the benefits of EMRs in primary care settings. The overall objective of this project is

to answer an overarching research question:

Can EMRs be used to measure and improve quality of chronic disease management in

primary care practices in Ontario?

Using a multi-phase mixed method design, the five studies presented in Chapters 2 to 6 explore
the potential for EMRs to identify and improve gaps in primary care. Specifically, they seek to
understand some of the barriers and facilitators to providing guideline-adherent care in primary

care with the support of EMR tools. They address the following questions:
1. Can EMRs be used to accurately identify patients with chronic diseases such as COPD?

2. Can EMRs be used to measure primary care physicians’ adherence to clinical practice

guidelines for patients with chronic diseases, specifically CVD and COPD?

3. Can EMR data be used to identify provider or patient characteristics that are associated

with the provision or receipt of guideline adherent care in chronic disease management?

4. What are the barriers to, and facilitators for, the adoption of EMR-embedded tools designed

to increase guideline-adherence in primary care at the provider and organizational level?

1.5 Theoretical perspective

Reflective of its interdisciplinary nature, this research study draws on two theoretical and
conceptual frameworks, with constructs from health informatics, health services research and
implementation science. Theories provide a coherent conceptual arrangement that, when
operationalized, makes it possible to describe, categorize and explain phenomena and constructs
rationally and systematically.7s The frameworks described below will be used to define what is
meant by the concept of ‘quality’ and the mechanism by which EMRs are adopted in an

organization for quality improvement.



1.5.1 Quality of primary care and clinical practice guidelines
The definition of ‘quality’ in healthcare is multi-dimensional. The working definition of quality
will be based on Health Quality Ontario’s (HQO) attributes of quality, and this research will

focus on the aspects of quality that are targeted by clinical practice guidelines.

HQO has identified nine attributes of a high-performing health care system outlined Table 1-1.s0
The nine attributes are: access, patient-centredness, integration, effectiveness, focused on
population health, efficiency, safety, appropriate resources, and equity. These attributes of
quality are adopted within the Excellent Care for All Acts1 and are similar to dimensions of
quality as defined by the Institute of Medicine’s transformative work, Crossing the Quality
Chasm: A New Health System for the 21st Century.s2

Clinical practice guidelines are based on scientific evidence and expert consensus, and serve to
define standards of care, facilitate the decision-making process for the treatment of specific
diseases,s3 and focus the efforts of health care workers on improving quality.ss These guidelines
can also be used as a mechanism for disseminating knowledge about evidence-based care to
clinicians. Here, evidence-based care refers to ‘the conscientious, explicit, and judicious use of
current best evidence in making decisions about the care of individual patients’.s5s When adopted
correctly and widely, clinical practice guidelines can help improve each of the nine attributes of a
quality health care system. Clinical practice guidelines are considered essential instruments to
improve the quality of care,s2 as they have been found to improve patient outcomes, reduce
practice variation and reduce costs.ss,g7 Thus, adherence to recommendations from evidence-
based clinical guidelines will be used as quality indicators and a measure of quality in this thesis

research.

Variation among health care providers in their compliance to well-accepted guidelines can be
indicative of a gap in quality of care, or could bring into question the validity of the guidelines.ss
Measuring the adherence to clinical practice guidelines across a jurisdiction indicates quality of
care at a population level. Patterns of wide variation in health care practice (regionally or locally)
suggest health care efficiency and effectiveness may be suboptimal, and highlights the
importance of examining the relationship between health policy decisions and clinical
decisions.ss Previous studies have shown that variation among practices in referrals, per capita

spending, resource allocation and service use is unwarranted as these variations are not explained
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by illness or patient preference.ss If the findings are based on evidence that scientifically well
accepted, variation in practice suggests that not all clinical practices have kept pace with
scientific evidence of best practices in health care.ss VVariations in practice patterns can indicate if
inequities or disparities in quality exist, such that certain groups of the population are less likely
than others to receive evidence-based care.ss It is suggested that the adoption of health
information systems and EMRs can support improvements in care practice through collection of
data and decision support capabilities. In this thesis, performance and quality indicators based on
clinical practice guidelines will be used to measure the quality of primary care across Ontario as
it relates to CVD and COPD management.

1.5.2 Normalization Process Theory

Normalization Process Theory (NPT) (Figure 1-1) describes how new practices are implemented,
routinely embedded and integrated in everyday life through coherence, cognitive participation,
collective action and reflexive monitoring.7e This theoretical framework has been chosen to
describe the factors that determine the usefulness of EMRs as a tool for quality improvement in

primary care, at both the organizational and individual levels.

Given that the adoption and use of health IS tools such as EMRs takes place within a
sociotechnical system, and is not dependent solely on information or system quality,so NPT was
used to inform the design and analysis of the final qualitative research phase of this project, and
acts as the underpinning theoretical framework to elucidate information on factors promoting or
inhibiting the uptake of EMR tools designed to improve clinical practice in primary care

practices.

The terms implementation, embedding, integration and normalization are core components of
NPT. Implementation refers to purposive direction and social organization of bringing practices
into action.o1 Embedding refers to the processes through which practices become routinely
incorporated in everyday work.o1 Integration is the process by which practices are reproduced
and sustained among the social matrices of an organization.s1 Normalization refers to the work
that actors engage with an ensemble of activities, new or changed ways of thinking, acting, and
organizing by which it becomes routinely embedded in pre-existing, socially patterned

knowledge and practices.s2
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NPT is a conceptual arrangement describing the implementation, embedding and integration of

practice through four processes:s2

e ‘Coherence’ refers to the extent to which a technology or health practice must make sense

to targeted stakeholders and actors.

e ‘Cognitive participation’ refers to the commitment and collective engagement of

stakeholders to partake in the intervention.

e ‘Collective action’ refers to the relationship and work required that enables a new
intervention to be taken up in practice and identifying the barriers to implementation and

embedding.

e ‘Reflexive monitoring’ concerns continuous processes of evaluation to generate feedback

and refine the object of implementation in order to embed it in everyday practice.

NPT has been used to understand how complex practices such as health care interventions are
made workable and integrated in context-dependent ways.79 Objects of implementation have
included clinical guidelines and EMRs.93-95s NPT was used to inform the development of the final
interview protocol, in the design of open-ended semi-structured research questions, and was the
underpinning conceptual framework by which the framework analysis was conducted in the final
study of this research program. NPT was used to attempt to understand what factors promote or
inhibit the uptake of EMR tools designed to improve clinical practice in primary care practices,
and for explaining why EMR tools for quality improvement were adopted in some clinics but not

others.

1.6 Electronic Medical Record Administrative data Linked
Database (EMRALDe)

The main data source for this research is the Electronic Medical Record Administrative data
Linked Database (EMRALDe®) housed at the Institute for Clinical Evaluative Sciences (ICES).
EMRALDe is a primary care EMR database that consists of all recorded clinical information
from the EMRs of participating primary care physicians (PCPs). This includes all clinical
information recorded by the family physician during patient visits, the cumulative patient profile

(CPP), a presentation of past and current clinical history, and numerous text entries containing
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information about items such as allergies, immunizations, referrals to specialists, consultation
reports, prescriptions, diagnostic test results, lab test results, billing history and clinical
reminders, among others. EMRALDe is linked to the health administrative databases held at
ICES for all patients insured in Ontario and can be linked to further information including
physician and hospital billing, socio-demographic information, dispensed drugs for those over
the age of 65, and the discharge abstract database. ICES is a ‘prescribed entity’ under Ontario’s
patient privacy legislation and thus is able to collect individual level patient health information
without patient consent based on policies and procedures in place to protect patient privacy and

confidentiality for the purpose of studying and monitoring aspects of the health system.os

Currently, EMRALDe contains EMR data volunteered from approximately 2.5% of all family
physicians in Ontariosz, with distribution throughout rural and non-rural Ontario. The average
length of time on the EMR of contributing physicians has been approximately 5 years.
EMRALDe physician characteristics are similar to all Ontario physicians in terms of geographic
location and years in practice but differ from the overall population in three aspects: there are
slightly more female physicians; physicians are less likely to have received foreign training; and
physicians are younger.ss While the patients in EMRALDe differ from the overall population in
two aspects (they are slightly skewed towards the higher income quintiles and rural locations
relative to the Ontario population), the distribution of age, sex, presence of chronic conditions
and measures of comorbidity were similar to rostered patients in Ontario.es There is also a slight
over-representation of older adults and a slight under-representation of youth. This slight
distortion from the general population is likely typical of the types of patients that seek medical

care from family physicians and not specific to EMRALDe participating physicians.ss

1.7 Ethics approval
Research ethics approval was obtained for all five studies through Sunnybrook Research
Institute’s REB (via ICES privacy impact assessment) and gained REB administrative approval

through University of Toronto REB for all studies.

Informed oral consents were obtained from all physician participants prior to the semi-structured

interviews conducted in the qualitative study described in Chapter 6.
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1.8 Dissertation outline

The objectives of this dissertation are addressed in five original studies described in chapters two
to six. The final chapter is a general discussion that summarizes the findings of each study,
synthesizes the major findings, discusses the strengths and limitations, outlines implications for

policy and practice, public health and research, and describes suggestions for future research.

1.9 Tables and Figures

Table 1-1 Nine attributes of health care quality as defined by Health Quality Ontarioso
Attribute Description

Access Accessible care refers to getting timely and appropriate healthcare services to achieve the

best possible health outcomes.

Patient-centredness = Patient-centredness refers to the provision of services from health care providers in a way

that is sensitive to an individual’s needs and preferences.

Integration Integrated care refers to all parts of the health system working together in an organized,

connected fashion, and working with one another to provide high quality care.

Effectiveness Effective care refers to the provision of care that works and is based on the best available

scientific information.

Focused on Care that is focused on population health refers to preventing sickness and improving the

population health health of the people of Ontario.

Efficiency Efficient care refers to a system that continually looks for ways to reduce waste,
including waste of supplies, equipment, time, ideas and information, such as avoiding

repeat tests or waiting for reports to be sent from one physician to another.

Safety Safety refers to reduction in harm by accident or mistakes when people receive care.
Appropriate Appropriately resourced care refers to a health system that has enough qualified
resources providers, funding, information, equipment, supplies and facilities to look after people’s

health needs.

Equity Equitable care means people should get the same quality of care regardless of who they

are or where they live.

14



Organizing structures and social norms — how a
social context normatively accommodates a practice
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Figure 1-1 Normalization Process Theory (May & Finch, 2009)79*

* Reprinted by permission from SAGE: Sociology Copyright 2009. May, C. & Finch, T. Implementing, Embedding, and Integrating Practices: An Outline of
Normalization Process Theory. Sociology 43, 535-554 (2009). Figure 1, Model of the components of hormalization process theory; p. 541.
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Chapter 2
|dentifying individuals with physician-diagnosed chronic
obstructive pulmonary disease in primary care electronic

medical records: a retrospective chart abstraction study

The purpose of this chapter is to answer the question, “can EMRs be used to accurately identify
patients with chronic diseases such as COPD?” Identifying patients with specific chronic
diseases is necessary to measure the quality of care and management of that chronic disease. A
modified version of Chapter 2 was published in the journal Nature Partner Journal Primary Care
Respiratory Medicine as an original research paper (Figure 2-1). The objectives of this chapter
are to:

1. Evaluate if data contained in a primary care EMR database can be used to adequately
identify patients with chronic obstructive pulmonary disease (COPD).

2. Develop a validated algorithm to identify a cohort of patients with COPD in Ontario.

3. Gain an understanding of the components of EMR that impact accuracy and validity of
case-finding for a complex condition such as COPD.

Figure 2-1 Lee TM, Tu K, Wing LL, Gershon AS. ldentifying individuals with physician-
diagnosed chronic obstructive pulmonary disease in primary care electronic medical records: A
retrospective chart abstraction study. npj Prim Care Respir Med. 2017;27(1):1-5.
doi:10.1038/s41533-017-0035-9
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2.1 Abstract

Background: Little is known about using electronic medical records (EMRs) to identify patients
with chronic obstructive pulmonary disease (COPD) to improve quality of care. Our objective

was to develop EMR algorithms that can accurately identify patients with COPD.

Methods: A retrospective chart abstraction study was conducted on data from the Electronic
Medical Record Administrative data Linked Database (EMRALDe) housed at the Institute for
Clinical Evaluative Sciences. Abstracted charts provided the reference standard based on
available physician-diagnoses, COPD-specific medications, smoking history and pulmonary
function testing (PFT). COPD EMR algorithms using combinations of terminology in the
cumulative patient profile (CPP) (problem list/past medical history), physician billing codes
(chronic bronchitis/emphysema/other COPD), and prescriptions, were tested against the
reference standard. Sensitivity, specificity, and positive/negative predictive values (PPV/NPV)

were calculated.

Results: There were 364 patients with COPD identified in a 5889 randomly sampled cohort aged
= 35 years. (prevalence=6.2%). The EMR algorithm consisting of =3 physician billing codes for
COPD per year; documentation in the CPP; long-acting muscarinic antagonist prescription; or
short-acting anticholinergic prescription and a COPD billing code had sensitivity of 76.9%
(95%Cl:72.2-81.2), specificity of 99.7% (99.5-99.8), PPV of 93.6% (90.3-96.1), and NPV of
98.5% (98.1-98.8).

Interpretation: EMR algorithms can accurately identify patients with COPD in primary care
records. They can be used to enable further studies in practice patterns and COPD management

in primary care.

Keywords: Chronic obstructive pulmonary disease; primary care; electronic medical records;

electronic health records; primary care; medical informatics; health informatics.
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2.2 Introduction

Chronic obstructive pulmonary disease (COPD) is characterized by persistent airflow limitation
and an enhanced chronic inflammatory airway response to noxious particles or gases such as
tobacco smoke.1s COPD is one of the leading causes of death worldwide,19-22 with an estimated
global prevalence of 64 million.1s Studies project an increase in morbidity and mortality from
COPD due to the aging demographic and the delayed effects of previous increases in smoking
rates.2s Despite its growing burden, COPD often remains incorrectly or under-diagnosed.s2,100
Primary care providers can play an important role in improving the management of patients with
COPD. However, there is still a limited availability of population-wide data that can be used to

build strategies for improvement of care, research and healthcare planning.

Previous work identifying people with and evaluating the burden of COPD have primarily been
based on cross-sectional survey data and population cohorts.22 Self-reported measures for COPD
in surveys have been validated against clinical records and physician diagnosis with relatively
high accuracy, but are limited in clinical information.ss-57 While population cohorts have been
derived from health care claims from some administrative databases (particularly for populations
with comprehensive health and drug coverage),ss they are limited in the depth and details of
patient clinical information because they are created to manage financial transactions rather than

for research purposes or patient care.ss

Electronic medical record (EMR) systems are a potential comprehensive source of information
on the processes and outcomes of patient care. EMRs include documentation of clinical
encounters that occur within the physician office, including the patient medical history,
laboratory test results, prescriptions, specialist consultation letters, discharge summaries, and
diagnostic tests. The increasing use of EMRs in primary care settings provides a source of
detailed clinical information that is not readily available in survey data or administrative
databases, and is being used to study COPD among populations in the UKes 67, Swedenzoz,
Canadasg,es,102, and cross-nationally.103-10s The objective of this study was to determine if
patients with COPD could be accurately identified using data contained in an EMR within

Ontario, Canada.
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2.3 Methods

We conducted a validation study using retrospective chart abstraction to identify a reference
cohort of individuals with physician-diagnosed COPD. This cohort was used as a reference
standard to test a variety of EMR algorithms to identify patients with COPD. This study was
approved by the institutional review board at Sunnybrook Health Sciences Centre, Toronto,

Canada.

2.3.1 Data Source

Electronic Medical Record Administrative data Linked Database (EMRALDe®) held at the
Institute for Clinical Evaluative Sciences (ICES) was used as the data source to create the
reference standard.ss At the time of study, EMRALDe provided a sampling frame of 73,014
adult patients aged 20 or older as of December 31, 2010, and included all patient chart data
entered in the EMR from 1986 to 2011. Patients in EMRALDe have been found to provide a
good representation of the Ontario population.ss Data are collected on a semi-annual basis. The
inclusion criteria for patients were: to have a valid date of birth, a valid health insurance number,
and have made at least one visit to any of the 83 participating physicians in the year preceding
EMR data abstraction from the clinics. The physicians had to have used the EMR for at least two
years so as to optimize the completeness of data.e9 These datasets were linked using unique

encoded identifiers and analyzed at ICES.

A random sample of 5889 patients aged 35 and over was taken from the sampling frame using
Structured Query Language (Microsoft SQL Server [2008]). Three trained chart abstractors
performed manual chart reviews on all available patient charts to determine if patients had a
diagnosis of COPD, classifying each encounter with the patient as indicating ‘definite COPD’
(i.e., diagnosis by the physician), ‘possible COPD’ (i.¢., a prescription for a short-acting
bronchodilator that could indicate an airway disease but not necessarily for COPD), ‘COPD
ruled out’ (i.e. a negative test result or ruling out by the physician), or ‘no mention of COPD’.
Abstractors assessed the cumulative patient profile, each entry in the chart, which included
diagnostic information such as pulmonary function test (PFT) results and prescriptions for COPD
related medications including short-acting anticholinergic bronchodilators (ipratropium,
combined ipratropium and salbutamol), and long-acting muscarinic antagonist (tiotropium).
Inter- and intra-rater reliabilities of the chart abstractions were verified by double-abstraction of
10% of the charts and calculating kappa-scores. The study team re-reviewed patients’ charts
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which were marked as ‘possible’ or as ‘definite’ but had no COPD prescriptions in the

medication field to verify the accuracy of the abstraction.

2.3.2 EMR algorithm development

The patients identified as ‘definite COPD’ after the chart abstraction review were used as the
reference standard against which various EMR algorithms identifying patients with COPD were
tested. Algorithms were developed from searching within EMR data components for terminology
specific to COPD, including its acronyms, full spelling, and common misspellings. The
cumulative patient profile (CPP) algorithm searched for evidence of terms that implied positive
COPD diagnosis in the CPP (i.e. problem list and past medical history). The prescription
algorithm searched the medication list of the EMR for COPD-specific medications including
their generic and trade names within varying time intervals and if they were prescribed at any
point in time versus being currently active prescriptions. Algorithms for billing codes searched
for physician billing codes for COPD (‘chronic bronchitis’ (491), ‘emphysema’ (492), or ‘other
COPD’ (496) within varying time frames. Finally, a search for the smoking status of the patient
(current smoker, ex-smoker, non-smoker, unspecified) was determined by the most recent

smoking history section of the cumulative patient profile.

2.3.3 Analysis

Algorithm performance was analyzed using the concepts of diagnostic test evaluation using the
manual chart abstraction as the reference standard. We calculated the sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), 95% confidence intervals (CI)
(determined by using an exact method based on a binomial distribution), and prevalence of
COPD for each of the algorithms using Microsoft SQL. All algorithms developed from
individual EMR components (CPP, prescriptions, physician billings) were compared to assess
how they impacted the sensitivity, specificity, PPV and NPV scores. Each algorithm’s diagnostic
odds ratio, positive likelihood ratio (LR+), and negative likelihood ratio (LR-) were calculated
for further assessment. Different variations of EMR components were combined to maximize

each of the scores.

2.3.4 Code availability

The computational and statistical codes used for analysis are available from the corresponding

author on request.
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2.3.5 Data availability

The dataset used in this study is held securely in coded format at the Institute for Clinical
Evaluative Sciences (ICES). Although data sharing agreements prohibit ICES from making the
dataset publicly available, access may be granted to those who meet the conditions for

confidential access.

2.4 Results

2.4.1 Reference standard

The abstracted cohort consisted of 364 patients with definite COPD out of a total of 5,889
patients, resulting in a prevalence of physician-diagnosed COPD of 6.2%. Compared to people in
the reference cohort, those with COPD were older and had a higher proportion of males. They
were also more likely to have smoking history recorded in their charts (70% compared to 61% in
those without COPD), and to have documented PFT results (40% versus 5% in patients without
COPD) (Table 2-1). Review of the charts of patients with COPD who were non-smokers
revealed seven patients who were subjected to long-term second-hand smoke and five patients

with a history of occupational or environmental exposure.

2.4.2 EMR algorithm validation

The algorithms tested for identifying patients with COPD in the EMR all had high specificity and
NPV, but varied in their sensitivity and PPV (Table 2-2). An algorithm consisting of
documentation in the CPP alone had a PPV of 95% but detected only slightly over half (56%) of
the patients with COPD from the reference standard.

Algorithms using at least one COPD billing code (any of 491, 492 or 496) captured only about
half of the patients with COPD and had a PPV of 61%. Algorithms that searched for at least two
of any of the billing codes in the span of one year had a lower sensitivity of 28%, but a higher
PPV at 87%. When looking at COPD medications, we found varying degrees of accuracy with
tiotropium and ipratropium (or combinations) Algorithms searching for ipratropium (or
ipratropium/salbutamol) prescriptions had a sensitivity of 13% and PPV of 75%, while searching
for prescriptions of tiotropium resulted in a sensitivity of 51% and an excellent PPV of 99.5%.
Combining all prescriptions increased the sensitivity slightly to 52% and had a PPV of 98%. A

recorded history of being a current smoker or ex-smoker captured 28% and 30% of patients with
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COPD respectively. However, using smoking history alone resulted in a very low PPV of 16 and
11%.

Algorithms using a combination of different EMR components (CPP, prescriptions, billing
codes) had higher sensitivity than the individual components alone, while maintaining high
scores for PPV, specificity and NPV. Our final algorithm optimizing PPV and sensitivity
included COPD documentation in the CPP; a prescription for tiotropium at any time; or a
prescription for ipratropium (or ipratropium/salbutamol) in conjunction with a COPD billing
code at any time in the chart; or at least 3 COPD billing codes within one year. This algorithm
resulted in 77% sensitivity and PPV of 94%, with the highest DOR of 966, high LR+ of 224 and
modest LR- of 0.23.

An alternative algorithm could increase the sensitivity marginally by searching for COPD
documentation in the CPP; any of the COPD-specific prescriptions; or at least 2 COPD physician
billing codes within 1 year. This algorithm had a sensitivity of 79%, PPV of 87%, a very high
DOR of 495, LR+ of 104 and LR- of 0.21, resulting in prevalence of 5.6% in the population

compared to the 6.2% in the reference cohort.

Including a positive smoking history to either of the two optimized algorithms increased the
sensitivity to a maximum of 90% but resulted in over 25% reduction in specificity and 75%

reduction in and PPV.

2.4.3 Discordance analysis

Using the search algorithm that optimized PPV and sensitivity, there were 84 false negatives and
19 false positives. Of the 84 false negatives less than six (<8%) patients were not correctly
identified with COPD because their primary care CPP phrasing met exclusion rules.

Specifically, there was a query “?” or “possible” label next to the diagnosis of COPD in the CPP
despite a definitive diagnosis in other parts of the patient record. Approximately a quarter of the
patients had less than three COPD billing codes from their family physicians. Fifty-eight (65%)
were not identified because of what appeared to be an incomplete primary care CPP, where there
was no mention of COPD in the CPP despite a diagnosis and documentation in the body of the
chart or in consultation notes from other physicians. All 85 patients did not have a prescription in
their family physician’s EMR for tiotropium, ipratropium (or ipratropium/salbutamol). Out of the

19 false positives, 11 (58%) had COPD listed in the CPP as a possible diagnosis, followed by
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text not considered by our exclusion rules (e.g. “Asthma/COPD”), or it appeared that the CPPs
were not updated as there was evidence in the chart that the diagnosis was only suspected or had
been ruled out. Eight (42%) met the billing code criteria but had no further documentation in the
charts indicative of COPD.

2.5 Discussion

We conducted a validation study that confirmed that an EMR algorithm could accurately identify
patients with physician-diagnosed COPD using data components contained in primary care
EMRs. Our final algorithm optimizing PPV and sensitivity searched for indication of COPD in
the CPP; prescription for tiotropium at any time; prescription for ipratropium (or
ipratropium/salbutamol) in conjunction with a COPD billing code; or at least 3 COPD physician-
billing codes within one year. This validated algorithm could be used to accurately identify a
cohort of patients with COPD in primary care to conduct future studies in COPD quality of care,

clinical audit, prediction modeling and health care utilization patterns.

When compared to previously described COPD EMR algorithms from other
jurisdictions,39,65,66,1020ur algorithm performed with the highest PPV published to date. A high
PPV indicates a high proportion of positive results that are true positives, which is useful in
identifying cohorts that actually have COPD. As seen in previous studies, there is a trade-off
between accuracy and capture rate when selecting an algorithm. For instance, Cooke et alss
described a COPD algorithm using administrative data with a high sensitivity of over 90% with
lower PPV of 58%. With a different set of input variables in their model, this shifted to a
moderate sensitivity of 71.9%, and improved PPV of 71.2%.ss Similarly, using EMR data,
Kadhim-Saleh et alsg had algorithm results ranging from a lower sensitivity of 41% and higher
PPV of 80%, to a higher sensitivity of 82.1% and lower PPV of 72.1%.39 As these components
often counterbalance each other, users of algorithms should evaluate the trade-offs and purpose
of the algorithm they choose to apply in their research. Additional considerations include the
implication of errors (e.g. false positives and false negatives), and the prevalence of the disease
in the population (if it is rare or common). Sensitivity should be optimized in cases where it is
important to minimize false negatives and detect as many cases as possible (e.g. disease
surveillance, high risk associated with missed detection, public health education or

preventive/early detection and intervention purposes). It was important for our algorithm to
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achieve the highest PPV possible in order minimize the number of false positives in identifying
future cohorts of patients that are correctly identified as having COPD. In doing so, it would
improve the accuracy of the algorithm and ensure any analysis related to COPD in our database
would reflect care specific to the disease of interest as much as possible. High accuracy of the
algorithm was also indicated by the high DOR, which measures the algorithm’s effectiveness,

and high LR+, which assesses the performance of the algorithm in finding positive results.

There have been two other algorithms in the literature that use EMR data to identify patients with
COPD. One algorithm (using the case definition of ‘obstructive chronic bronchitis’ (491.2),
‘emphysema’ (492), or ‘chronic airway obstruction’ (496) in the billing history or in the problem
list; or tiotropium, ipratropium, or salbutamol and other drugs for obstructive airway disease
listed under medication; with the exclusion of people under the age of 35 and those who fulfill
only the medication criteria alone and also have asthma) that was applied in different clinics and
regions across Canada,s9,65102 showed varying sensitivity (41-82%), specificity (92-99%), PPV
(37-80%), and NPV (88-98%) for the identification of COPD across sites. These varying results
suggest that further studies are needed to understand how to best use EMR algorithms for diverse
populations. An algorithm used in the UKes had access to a different set of EMR data
components and codes than those used in this study, including those for spirometry or PFTs and
was therefore not comparable to our study. Although PFT results could not be included in our
algorithm, it would be possible to incorporate billing codes for spirometry by linking the EMR

data with Ontario’s administrative dataset in future studies.

We found that looking in the CPP alone or COPD billing codes alone yielded sub optimal
sensitivity (<60%). This suggests that the documentation and billing patterns for COPD within
primary care physicians in their EMRs is variable and/or incomplete. Searching for COPD
prescriptions alone in the algorithm also had low sensitivity as not all patients with COPD are
given prescriptions for tiotropium, ipratropium or combination of ipratropium/salbutamol by
their family physician. Patients may have received other medications such as short-acting
bronchodilators, but as these medications are not specific for COPD and are also given for other
conditions (e.g. asthma or acute bronchitis) they were excluded from our algorithm.ss
Additionally, medication prescribed by specialists may be missing in the primary care EMR as
the accuracy and completeness of the medication list in the EMR is dependent on individual

family physicians to record them.
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Our study shows that searching for billing codes alone or COPD medications alone misses many
with COPD with a lower degree of accuracy than also searching the CPP. However, there are
also challenges associated with distinguishing COPD from other respiratory conditions such as
acute bronchitis or asthma.eo,106,107 These complexities are reflected in notations within the EMR
entries and CPP (e.g. “?Asthma/COPD” [sic] in the CPP and problem list indicating possible but
not ruled-out diagnosis of COPD), making it challenging to use automated text searching
algorithms to identify the most up-to-date and relevant information. The inaccuracies recorded in
the CPP highlight the need to improve recording of COPD diagnosis among primary care
practice within EMRs.

Searching for COPD specific medications to identify patients with COPD also presented some
challenges. In a previous study by Coleman et al,ss inclusion of COPD medication (e.g.
salbutamol) in their algorithm resulted in nearly half of the results being a misdiagnosis, as the
medications included could also be used for acute bronchitis, chronic cough or asthma.es In
consultation with respirologists, we reduced the list to 3 medications that were as specific as
possible to COPD to limit the number of false positives. However, we still noted that tiotropium
and ipratropium may both be used for severe cases or exacerbations of asthma.1os,109 There were
also instances where patients were provided with samples or trials of drugs of tiotropium without
a confirmed diagnosis of COPD to see if presenting symptoms improved. These resulted in a
small number of false positive misclassifications. Furthermore, as medications are manually
entered to the EMR and physicians may or may not utilize medication drop down lists, we may
not have accounted for all misspellings and short-forms of the drug names, or prescriptions

provided by other providers and specialists outside the primary care practice.

We did not include smoking history in our final chosen algorithms. Smoking remains a
significant risk factor for COPD1 and patients’ smoking history can be captured in the EMR. As
seen in Table 1, we found a higher proportion of EMR documented smoking history among
patients with COPD compared to the whole study cohort (70% versus 61%). These rates of
documentation are higher than a previous Swedish study where one-third of patients had
information on smoking recorded in their records.101 However, while smoking history could be
helpful in supporting a positive diagnosis clinically and could increase the sensitivity, it was not
included as a data component in the EMR algorithms due to the low PPV and lack of precision.

When smoking status (current smoker or ex-smoker) was added as a factor in our top algorithms,
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the sensitivity rose above 90%, but the specificity decreased to 72% and PPV to only 17% (see
Table 2). This result is due to the fact that smoking status was not captured for everyone and a

positive smoking history is not solely diagnostic of COPD.

PFTs are widely available and has been recommended for confirmation of COPD diagnosis.1s
However, we found that PFT results were recorded in the EMR for only 40% of the patients with
COPD and 5% of patients without COPD, consistent with previous studies.eo,106 These low rates
of PFTs could be because the PFT performed and the COPD diagnosis predates the start of the
EMR record, or because a PFT was not done. With linkage to administrative data, it is possible
to differentiate these possibilities and can be performed in future studies. In addition, PFTs that
are performed outside of the clinic are often sent in via fax or scanned in, thus the results are not
always captured in a text searchable format in the EMR. The limited availability and inconsistent
formatting of the results did not allow for us to include PFT results in our EMR algorithm. These
findings are similar to those found in Sweden, where only 29% of the primary healthcare centres
had extractable PFT data due to lack of common structure for its documentation.zo1 In a few
cases where a computed tomography scan consistent with COPD was recorded, we accepted this
as a definitive case of COPD. Our study highlights the need to standardize and automate the

capture of diagnostic test results related to COPD.

Other considerations for this study include limitations to generalizability. Our study uses EMR
data from primary care practice in a voluntary subset of the Ontario population using one type of
EMR software within the study period. Despite this, patients in EMRALDe have similar
characteristics to the general population in terms of presence of chronic diseases and co-morbid

conditions.g9

The literature on developing COPD algorithms show that there may be bias for diagnosis
according to patients’ sex, race, level of education, and level of severity of COPD resulting in
under- or over-diagnosis.110,111 These socioeconomic and demographic factors were not
accounted for in this study, and we were unable to determine severity of COPD. While these
issues are beyond the scope of this study, they would be important areas for future research and
could be studied with a larger cohort of COPD patients and in conjunction with administrative

data.
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2.6 Conclusion

We conducted a validation study that confirmed that an EMR algorithm can accurately identify
patients with physician-diagnosed COPD using data components contained in primary care
EMRs. Our COPD cohort had characteristics consistent with those in the literature, suggesting
good validity of our reference standard. Our findings indicate the importance of keeping the CPP
up to date in primary care practice, which would improve the accuracy of EMR algorithms to
identify patients with COPD. There is also a need to improve recording of diagnostic tests for
COPD. Researchers and other users of EMR data should take caution and note the limitations of

using billing codes alone or medication lists alone to identify patients with COPD.

As EMRs become increasingly used across jurisdictions, it presents many opportunities to study
detailed clinical information on a broad population with COPD, including nationally and
internationally.101,103-105 This study shows that primary care EMR data can be a promising source
of data to study populations in the community with COPD in Ontario the most populous province
in Canada. Using EMR algorithms to identify patients with COPD has the potential to help study
quality of care, appropriate use of pharmacological therapy, patient outcomes, health care
utilization patterns, and clinical and economic consequences with the ultimate goal of improving

patient care and outcomes.
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2.7 Tables and figures

Table 2-1 Study cohort characteristics by COPD diagnosis derived from primary care electronic medical record chart abstraction.

Mean age, years (SD)

Age >65 years, n (%)

Female, n (%)

Smoking history recorded, n (%)
Current smoker
Previous smoker

Non-smoker (including second-hand
smoke and environmental/occupational
exposure)

Not recorded

Pulmonary Function Test record in EMR, n
(%)

Total
(n=5,889)

56.3 (+13.5)

1467 (24.9)
3319 (56.4)
3599 (61.1)
656 (18.2)

1121 (31.1)
1822 (50.6)

2290 (38.9)
430 (7.3)

Patients
without
COPD
(n=5,525)

55.4 (+13.2)

1244 (22.5)
3157 (57.1)
3345 (60.5)
554 (16.6)
994 (29.7)
1797 (53.7)

2180 (39.5)
283 (5.1)

COPD - chronic obstructive pulmonary disease; SD — standard deviation
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Patients
with
COPD
(n=364)

68.6
(£11.5)

223 (61.2)
162 (44.5)
254 (69.8)
102 (40.2)
127 (50.0)
25 (9.8)

110 (30.2)
147 (40.4)
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Chapter 3

Measuring cardiovascular quality in primary care using
Canadian Cardiovascular Harmonization of National

Guidelines Endeavour and EMR data in Ontario

The purpose of this chapter is to answer the question, “can EMRs be used to measure primary
care physicians’ adherence to clinical practice guidelines for patients with chronic diseases,
specifically CVD?” To measure the quality of chronic disease management, quality indicators
are required. The objective of this chapter was to assess if primary care physicians are adhering
to recommended clinical practice guidelines for cardiovascular disease management based on a
set of quality indicators developed from the Canadian Cardiovascular Harmonized National
Guideline Endeavour (C-CHANGE) recommendations

A modified version of Chapter 3 was published in the Canadian Journal of Cardiology Open as
an original research paper (Figure 3-1).

" g V)

Orlginal Article
Measuring Cardiovascular Quality In Primary Care Using
Canadian Cardiovascular Harmonization of National
Guidelines Endeavour and Electronic Medical Record
Data In Ontarlo

Figure 3-1 Lee TM, Tobe SW, Butt DA, et al. Measuring Cardiovascular Quality in Primary
Care Using Canadian Cardiovascular Harmonization of National Guidelines Endeavour
and Electronic Medical Record Data in Ontario. CJC Open. 2019;1(1):1-9.
doi:10.1016/j.cjco.2018.11.003
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3.1 Abstract

Background: This project uses electronic medical record (EMR) data to assess performance by
family physicians (FP) in the screening for, diagnosis, and management of cardiovascular disease
(CVD) and risk factors against national harmonized guidelines by the Canadian Cardiovascular
Harmonization of National Guidelines Endeavour (C-CHANGE).

Methods: A retrospective cohort study using the Electronic Medical Record Administrative data
Linked Database (EMRALDe®) was conducted. A set of quality indicators (QI) were developed
based on 2014 C-CHANGE guidelines. Twenty-three readily measurable Qls were used to
measure performance in the screening for and management of CVD; and to identify gaps in

performance.

Results: Our study population consisted of 324 Ontario FP and 284,959 patients. We assessed 23
of the 74 recommendations. There was variance in rates of adherence to QIs related to screening
rates for CVD. Highest adherence to C-CHANGE guidelines were related to routine laboratory
testing for patients with hypertension and prescription of antihypertensive therapies. Lowest
adherence to the guidelines were seen in administration of oral glucose tolerance tests for

assessing pre-diabetic patients (4.4%).

Conclusion: FP EMR data can be used to measure adherence to a third of the C-CHANGE
recommendations. There are varying levels of adherence among the measurable C-CHANGE
recommendations, and there is room for improvement in quality of primary care management of
CVD in Ontario. There is potential to use EMR data to assess changes to CVD management in
FP practice using C-CHANGE guidelines when recommendations are quantifiable and

measurable.
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3.2 Introduction

Multiple chronic conditions and cardiovascular disease (CVD) cause high burden on the
Canadian health care system. Four in five Canadians have at least one risk factor for CVD, which
is the leading cause of preventable death and disability nationwide.17 As the number of
Canadians with risk factors for CVD increases, family physicians (FPs) have an increasingly
important role and responsibility in its management. In 2014, the Canadian Cardiovascular
Harmonized National Guidelines Endeavour (C-CHANGE) updated their guidelines for
prevention and management of CVD, which assists health care practitioners by synthesizing the
best available evidence.112,113 The C-CHANGE Guidelines from 2014113 are composed of 74 key
recommendations selected from more than 400 recommendations sourced from eight different
guideline groups.s-11 Widespread adoption of C-CHANGE guidelines among FPs has the
potential to improve quality of cardiovascular care. However, there is little information on how

real-world practice reflects the recommendations from C-CHANGE.

In Ontario, over 80% of FPs have adopted electronic medical records (EMR) as of the most
recent National Physician Survey.122 The increasing uptake of EMR in primary care practices
provide opportunities to use routinely collected clinical data to evaluate quality of clinical care.
The objective of our study was to determine the feasibility and to develop methods to assess
quality of care related to the screening and management of CVD in primary care in Ontario by
using EMR data, and to obtain baseline measures on how closely FPs practices aligned with C-

CHANGE guideline recommendations at the time of release.

3.3 Methods

3.3.1 Data source

We conducted a retrospective cross-sectional study of patients enrolled in (‘rostered’ to) FPs’
practices that contribute data to the Electronic Medical Record Administrative data Linked
Database (EMRALDe®) held at the Institute for Clinical Evaluative Sciences (ICES).9,98 Ontario
has a publicly-funded healthcare system and individuals have a designated FP to whom they are
‘rostered’. EMRALDe includes all patient chart data entered in the EMR dating back from the
time the FP started using Telus Practice Solutionse EMR. EMRALDe contains longitudinal data
as far back as 1986.
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3.3.2 Cohort
The study cohort was derived from EMRALDe and matched both the physician and patient

inclusion and exclusion criteria. To be eligible, the physician had to be using the EMR for at
least eighteen months prior to data collection to meet optimal levels of data quality and
completeness.ss,98 Patients had to have a valid date of birth, a valid health insurance number, be
rostered to the family physician, and made a visit to a participating EMRALDe physician in the
36 months preceding data extraction. The data extraction took place between November 2013
and October 2014.

To evaluate the generalizability of our results, we compared the study physicians enrolled in
EMRALDe to all physicians in Ontario in terms of their sex, age, practice location, place of
medical training, primary care model and practice duration. We compared patients rostered to the
study physicians to all patients in Ontario and all patients who were rostered to a FP in Ontario.
We compared the groups and described population trends and differences. We analyzed coded
data using SAS v9.2 and Microsoft Structured Query Language (SQL) 2012.

These datasets were de-identified and linked using unique encoded identifiers and analyzed at the
Institute for Clinical Evaluative Sciences (ICES). Ethics approval was obtained from the

institutional review board at Sunnybrook Health Sciences Centre, Toronto.

3.3.3 Quality indicator development

Recommendations from C-CHANGE clinical guidelines were developed into quality indicators
(QI) using Kotter’s iterative development process used to modify clinical guidelines into
measurable Qls.123 All 74 recommendations from the C-CHANGE guideline were reviewed by
the authors to assess measurability within the EMRALDe database. A numerator, denominator,
exclusion criteria and time frame (look back period in which the recommendation was met) were
defined for each measurable recommendation. Measurability required availability of relevant
clinical information in EMRALDe, feasibility to capture the numerator and denominator in
structured or semi-structured fields, and consistency of data recording among FPs. QIls requiring

search of unstructured free-text sources were excluded from the scope of this study.

Unless a specific timeline was specified in the wording of the recommendation, the timeframe

and look-back period for searching the record was 18-months for all prescription indicators; 12-
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months for the most recent blood pressure (BP) measurements; 18-months for the most recent
HbALc results; 3-years for lipid profile tests and liver enzyme test results; and all-time for

indicators involving other tests. When searching for body mass index (BMI) in adults, the last
recorded BMI was used with no time restriction. For children, the most recent measurement of

BMI from the previous three years were considered.

Age-based recommendations (i.e. tests to be ordered when a patient is older than a certain age)
included an additional 12-month buffer period to ensure subjects had adequate time to receive
the care upon reaching the defined age. Preliminary data were reviewed by the investigators to
ensure that the QIs measured captured the clinical relevance and intention of the

recommendation as closely as possible.

Microsoft SQL was used to search EMRALDe for inclusion and exclusion terminologies in the
database (the patient medical history, demographic information, laboratory test results,
medication list, problem list and anthropometric measures). Previously developed EMR
algorithms were used to identify the presence of hypertensioni2s, diabetesi2s 126, ischemic heart
disease or coronary artery disease (CAD)127, congestive heart failure, atrial fibrillationz2s,
stroke129 and chronic kidney disease (CKD)124. Where macrovascular target organ damage was
called for, we included CAD and stroke. Where target organ damage was called for, we were
able to include CAD, stroke and CKD as we were unable to measure microvascular injuries or

complications.

Measurable Qls were assessed for all eligible patients, with look-back periods counting back
from the date of last data collection. Descriptive statistics of the study population’s demographic
and disease characteristics were calculated. The outcomes of interest were the unadjusted

proportions of patients receiving guideline adherent care, calculated for each measurable QI.

3.4 Results

3.4.1 Population characteristics

There were 324 physicians who met the study inclusion criteria. Compared to the average

Ontario FP, the study FPs were more likely to be female, younger, rurally-represented and

medically trained in Canada (Table 3-1). Together, the study physicians had 284,959 patients

rostered to their care. The age distribution, number of aggregated diagnosis groups (ADG)130,131
34



(a co-morbidity measure), prevalence of chronic conditions were comparable between
EMRALDe patients and the average rostered patient in Ontario (Table 3-2). Patients” medical
history had been on the EMR for an average of 4.9 years with a standard deviation (SD) of £2.8
years. Participating FPs had been using PS Suitee EMR for an average of 6.1 years (SD £3.4

years).

3.4.2 Ql measurement

Of 74 C-CHANGE Qls, 23 were deemed measurable. QIs were reported according to their order
of appearance in the original guideline (see Figure 3-2) and are described in Appendix B. Four
QIs were outcome-based and 19 Qls were process-based. Data in the EMR were not sufficient to
accurately measure the remaining 51 recommendations due to data availability, high variability
in recording among FPs, limited data standards, or subjectivity in interpretation of the

recommendation.

High adherence was seen in QIs related to hypertensive patients. Over 90% of patients with
hypertension got routine laboratory tests completed for blood chemistry potassium, sodium,
creatinine and lipid profile (QI 9a-c, e), but lower adherence rates were seen in other indicated
laboratory tests of fasting plasma glucose (FPG) (QI 9d, 56.9%), and 12-lead
electrocardiography (ECG) (QI 9f, 55.6%). High adherence was seen for Qls related to receiving
appropriate antihypertensive medication (QI 20, 73.2%) including for patients who also had
CAD (QI 13, 81.5%; QI 23, 72.5%).

Lipid tests were done in 79.8% of men over 40 years old and women over 50 years old with no
look-back time limit, and when limited to the past 3 years the proportion of patients tested was
68.7% (QI 7). This proportion was higher at 91.9% in patients with hypertension (QI 9e).

Out of all adults (n=233,081), 67.6% had a height recorded; 77.4% had their weight recorded:;
67.3% had both height and weight recorded separately in their medical history; and 67.1% had a
BMI calculated in the EMR and recorded in their medical history. Only 2.2% of the population
had a waist circumference recorded. Children between the ages of 2 and 17 had their BMI
recorded in the EMR in the past 3 years in 59.7% of the cases (QI 3). Smoking status was
recorded for 61.0% of adults (QI 8), of which 18.8% were current smokers, 26.2% former

smokers, and 54.9% never smoked.
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The highest outcome-based indicator was the percentage of patients with diabetes whose last
HbALc reading was on target at less than 7.0% (QI 11, 59.7%). The three other outcome-based
indicators were low. These consist of adults with a healthy BMI (QI 2, 34.1%); patients reaching
HbALc targets of less than 6.5% (QI 12, 39.4%); and patients with diabetes whose most recently
recorded BP readings were on target at less than 130/80 (Ql 14, 37.9%).

Patients who were overweight or obese (BMI > 25) represented 64.1% of the adult study
population. Out of these patients, 63.0% received a liver enzyme test in the last 3 years (QI 10).
When narrowed down to only patients who were classified as ‘overweight’ (BMI between 25 and
30), liver enzyme tests were completed for 59.9% of patients, compared to 66.5% of patients

classified as ‘obese’ with a BMI over 30.

The lowest QI adherence rates were seen for two related recommendations, QIs 5 and 6:
screening for impaired glucose tolerance or diabetes using 2-hour plasma glucose (2hPG) testing
for patients who have plasma HbALc results of 6.0 to 6.4% or 5.5 or 5.9%, respectively. We
found that 2hPG tests were performed in these patients in 9.4% (QI 5), and 4.4% (QI 6) of the

time, respectively.

3.5 Discussion

Our retrospective cross-sectional study using primary care EMR data in Ontario provides
baseline measures and practice-based perspective on how CVD is screened, tested, and managed
among FPs in Ontario at the time of study. The EMRALDe population is similar to that of the
entire province, indicating generalizability. Our data shows a wide variation in practice with
some areas of high concordance to guidelines but also substantial gaps in management of CVD.
This is consistent with previous research that highlights gaps in treatment and management of
vascular risk factors, particularly for patients with comorbidities such as diabetes.25-2s While
most studies focus on one area of vascular management or adherence to specific treatment typezo-
31, our Qls provide insights on multiple aspects of CVD and can give guidance on what areas of

vascular management have wider gaps than others.136

Only 23 of the 74, 2014 C-CHANGE guidelines recommendations could be developed into Qls.
Most wording of the recommendations had not been developed considering the feasibility of

measuring it as a Ql. The way in which data is recorded into EMRs by FPs (i.e., free-text) limits
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the measurability. For example, the guideline recommended that patients with hypertension
should have their left ventricular ejection fraction (LVEF) measured by echocardiogram or
nuclear imaging. Upon searching for the text related to LVEF in the record, we found 14,394 out
of 48,956 patients with hypertension (29.4%) had ‘LVEF’ or ‘echo’ in their charts. Due to non-
uniform use of terminology in the EMR, we were not confident in the measurability of this QI

and omitted it.

Risk factors associated with patient ethnicity and race were not distinguished in our calculation
for QIs which included them in the denominator. Waist circumference measurements in the
assessment of healthy weight were omitted due to the low recording of waist circumference
(5,125 out of 233,081 adult patients, 2.2%), and QI 1(“height, weight and waist circumference
should be measured and BMI calculated for all adults”) focused instead on BMI in adults being

recorded.

Urinalysis was recommended as one of the routine tests to be completed for QI 9 but was
excluded in the modified QI. Urinalysis is not well recorded in the EMR due to how urine dip
test or urinalysis is performed in the clinic and recorded in the EMR. Only 324 out of 48,965
(<1%) adult patients with hypertension had a record of urinalysis in the structured laboratory test
portion of the EMR.

Sixteen recommendations related to patient diet, lifestyle and physical exercise were omitted as
they were not routinely recorded in the EMR in a structured or semi-structured fashion. This
study demonstrates the potential to provide feedback to guideline developers on what is needed
to allow guideline recommendations to become measurable as QIs. Furthermore, the limitations
of measurability may be of interest to EMR providers and developers of EMR data standards.
These limitations highlight opportunities to improve data standardization through data structure
or user guidance. Standardized data and measurability of Qls are necessary for monitoring and

continuously improving quality of care.

Several of the highest adherence indicators were related to the provision of appropriate
antihypertensive medication for patients with comorbidities. This data is consistent with the
awareness treatment and control of hypertension in Canada.139 An example of how the wording
of a recommendation could be adapted and defined further to accommodate a QI is the lipid test
(QI 7) which did not specify how frequently the test should be done. While lipids had been done
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at some point, the rate in a more constrained time period was much less. Reassuringly though,
among patients with hypertension, the rates of lipid testing were much higher (QI 9e, 91.9%)

suggesting that clinicians were responding to perceived higher risk in these patients.

The finding that statin use among patients with diabetes over the age of 40 was 58.8% (QI 18)
could indicate a significant treatment gap. However, this specific recommendation did not
indicate if a statin should be used if their cholesterol is higher than a specific threshold. We
found a low rate of antiplatelets for patients with CAD (QI 17, 43.4%). This may be reflective of
the over-the-counter availability of acetylsalicylic acid (ASA), and consequent inadequate
documentation of ASA use in the EMR. The majority of the outcome indicators were lower than
40%. Of concern, only 37.9% of patients with diabetes had a most recent BP measurement that
was less than 130/80mmHg (QI 14). Furthermore, the majority of the adult population was
overweight or obese. Only 34.1% of patients’ BMI were in the ‘normal’ range of 18.5-24.9 (QI

2), consistent with the literature.140,141

3.5.1 Limitations

Modifying practice guidelines to measurable QIs requires specific and quantified actions to be
defined, and for whom they should be taken.142 As such, not every recommendation could be
measured in the EMR. Due to each recommendation criteria, the denominator size is different in
each QI and a common composite score applicable to everyone in the population could not be

developed.

The interpretation of QI adherence rates should consider the context of the recommendation. The
lowest Qls were related to 2hPG oral glucose tolerance test (OGTT) (QI 5 and 6), a time
consuming and costly, but more sensitive diagnostic test for diabetes for certain patient groupsss-
41. For the Alc range of 5.5-6.0% (QI 6), the evidentiary base to conduct a 2hPG test is limited.
We would suggest a review of this recommendation and its public health benefit as the tests are
seldom being done in family practice. We found that with an ambiguous result suggesting pre-
diabetes, that physicians were re-ordering HbAlc or FPG tests instead of ordering the 2hPG.

Overall, pharmacologic therapy QIs showed higher adherence. For the recommendations that
specify first-line and subsequent second-line or combination therapies, we presented the
proportion of patients who had any of (QI 20) or two (QI 21) of the indicated drug therapies. It

was not possible to precisely determine if two prescriptions provided in the same timeframe in
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the patient’s record meant that they were being taken simultaneously for combination therapy, or
if the physician prescribed a new drug without documenting the discontinuation of the previous
drug. Additional work is required to fully assess the chronological sequencing of
pharmacotherapy patterns.

This work was only performed on a convenience sample of FPs in Ontario. Findings may not be
generalizable to the rest of Canada but can be used as a point of comparison for other studies.
Similarly, the results reflect practice patterns as of the time of guideline release and may not be
reflective of current practice. However, the results provide a baseline measure with which
different time periods can be compared to identify changes in adherence and practice over time

as well as to identify the gaps in care and areas that are most in need of improvement.

3.6 Conclusion

This project is a preliminary demonstration showing feasibility to measure FP performance based
on C-CHANGE and EMR data. Based on the study results, it will be possible to use EMR data to
identify further patterns of care for the diagnosis and management of CVDs and identify factors
that impact clinical practice. This project also demonstrates that QI data has the potential to be
used to feedback to guidelines groups on the wording of recommendations and the level of
adherence when assessing a recommendation’s significance or practicality. The value of the QI
may suffer from variations in collection and recording of EMR data. This study should be able to
help guidelines developers provide more implementable and measurable recommendations that
better lend themselves to measurement and continuous quality improvement. This baseline
assessment of FP practice performance can be compared prospectively for evaluation of different
interventions and models of care on CVD management. The study demonstrates that databases
like EMRALDe can be used to track changes in performance, patient adherence and

improvements to patient outcomes.
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3.7 Tables and figures

Table 3-1 Generalizability of study physicians from the Electronic Medical Record
Administrative-data Linked Database.
All Ontario Physicians, March 31, EMRALDe Cohort Physicians,

2014 March 31, 2014
n % n %
Total 8219 100 324 100
Sex
Female 3621 441 180 55.6
Male 4598 56.0 144 44 .4
Age Group (years)
1: <35 843 10.3 55 17.0
2: 35-44 1667 20.3 106 32.7
3:45-54 2 342 28.5 81 25.0
4: 55-79 3367 41.0 82 25.3
Rurality
Rural 388 4.7 34 10.5
Suburban 1192 14.5 47 14.5
Urban 6 639 80.8 243 75.0
Medical Training
Location
Canada 5722 69.6 294 90.7
International (including 2 497 30.4 30 9.3
uUSs)
>25% bills from ED
No 7998 97.3 302 93.2
Yes 221 2.7 22 6.8
Primary Care Reform
Model
FHG or FHN 2 605 31.7 27 8.3
FHO 3773 45.9 286 88.3
No model 1343 16.3 0 0
Other 498 6.1 11 3.4
Mean SD Mean SD
Age as of March 31, 51.2 11.8 46.1 10.8
2014
Years in Practice 17.7 10.4 15.7 9.6
Years Since Graduation @ 25.2 12.3 19.8 11.3

ED — Emergency Department; FHG — Family Health Group; FHN — Family Health Network; FHO — Family
Health Organization; SD — Standard deviation
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Table 3-2 Descriptive characteristics of EMRALDe patient population compared with all
patients in Ontario

All Ontario patients, Rostered patients*, March EMRALDe rostered
March 31, 2014 31,2014 Patients, March 31, 2014
N % N % N %
Total 14 460 864 100 10 415942 100 284 959 100
Sex
F 7 355 447 50.9 5463 075 52.5 158 049 55.5
M 7105 417 49.1 4 952 867 47.6 126 910 445
Age Group (years)
0-17 2 921 606 20.2 1814 188 17.4 49 412 17.3
18-29 2 376 105 16.4 1577711 15.2 37 250 13.1
30-44 2991 737 20.7 2082918 20.0 62 168 21.8
45-64 4004 426 27.7 3146 848 30.2 85 345 30.0
65-84 1879 226 13.0 1560 857 15.0 44 278 15.5
85+ 287 764 2.0 233 420 2.2 6 506 2.3
Income Quintile
1 (lowest) 2 678 464 18.5 1790531 17.2 48 522 17.0
2 2743 264 19.0 1982573 19.0 48 969 17.2
3 2 837651 19.6 2110409 20.3 52 400 18.4
4 3051 515 21.1 2 309 165 22.2 60 514 21.2
5 (highest) 2873671 19.9 2 165980 20.8 72 380 25.4
Missing 276 299 1.9 57 284 0.6 2174 0.8
Rurality
Missing 60 686 0.4 6 747 0.1 154 0.1
Non-rural area 12 820 125 88.7 9 221 469 88.5 226 856 79.6
Rural area 1580 053 10.9 1187 726 11.4 57 949 20.3
Number of Aggregated Diagnosis Groups (ADGS)
1: 0 ADGs 1313 256 9.1 725 231 7.9 14 456 5.1
2:1-4 ADGs 6 441 104 44.5 4879 393 46.9 145 403 51.0
3:5-9 ADGs 4765 921 33.0 3908 790 375 102 827 36.1
4: 10+ ADGs 1024 037 7.1 859 854 8.3 20985 7.4
Missing data 916 546 6.3 42 674 0.4 1288 0.5
Presence of condition
Previous AMI 174 801 1.2 148 780 14 3933 14
Asthma 1990 635 13.8 1571629 15.1 39 356 13.8
CHF 207 357 1.4 174 620 1.7 4963 1.7
COPD 835575 5.8 704 907 6.8 19173 6.7
Diabetes 1305 025 9.0 1109 386 10.7 26 481 9.3
Hypertension 2887490 20.0 2 468 841 23.7 61 488 21.6
Mental Health 2536179 17.5 2076 262 19.9 58 951 20.7
Any chronic condition 6 450 553 44.6 5295 718 50.8 140 053 49.2

*Rostered to a family physician as the primary responsible physician.
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Note: Striped quality indicators (QI 2, 11, 12, 14) indicate outcome-based indicators. The remaining indicators are process-based indicators.

% of adults with a body mass index (BMI) recorded [Lookback: All time] Height, weight and waist circumference should be measured and BMI calculated for all adults.

* % of adults with BMI between 18.5 and 24.9 [Lookback: All time] Maintenance of a healthy body weight (BMI 18.5 to 24.9 kg/mz, and waist circumference less than 102 cm for men

and less than 88 cm for women) is recommended for non-hypertensive individuals to prevent hypertension and for hypertensive patients to reduce blood pressure. All overweight hypertensive

individuals should be advised to lose weight.

3. % of patients 2-17 years with BMI in the EMR [Lookback: 3 years] Measuring body mass index (BMI = weight[kg]/height[m]2) in children aged two to seventeen years.

Risk Factor Screening

4. % of patients 2 41 years and no diabetes, with an FPG or HbA1c test in the past 3 years [Lookback: 3 years] Screening for diabetes using FPG and/or Alc should be performed
every 3 years in individuals > 40 years of age or at high risk using a risk calculator. More frequent and/or earlier testing with either FPG and/or Alc or 2hPG in a 75 g OGTT should be
considered in those at very high risk using a risk calculator or in people with additional risk factors for diabetes.

5. % of patients 2 18 with FPG 6.1-6.9 and/or HbA1c 6.0%-6.4%, and a 2hPG test [Lookback: All time] Testing with 2hPG in a 75 g OGTT should be undertaken in individuals with FPG
6.1-6.9 mmol/L and/or Alc 6.0%-6.4% in order to identify individuals with IGT or diabetes.

6. % of patients 2 18 with FPG 5.6-6.0 and/or HbA1c 5.5%-5.9%, and a 2hPG test [Lookback: All time] Testing with 2hPG in a 75 g OGTT may be undertaken in individuals with FPG 5.6-
6.0 mmol/L and/or Alc 5.5%-5.9% and 2 1 risk factor(s) in order to identify individuals with IGT or diabetes.

7. % of male and = 41 years or female 2 51 years or have diabetes mellitus, hypertension, CKD, currently smoke or are overweight, who have a lipid test [Lookback: 3 years] Screening of
plasma lipids is recommended in adult men > 40 and women > 50 years of age or postmenopausal. Screen lipids at any age for: smoking, diabetes, hypertension, overweight, rheumatoid
arthritis, systemic lupus erythematosis, psoriatic arthritis, ankylosing spondylitis, inflammatory bowel disease, chronic obstructive pulmonary disease, chronic HIV infection, CKD, abdominal
aneurysm and erectile dysfunction. Consider screening individuals of First Nations or South Asian ancestry at an earlier age.

8. % of adult patients with smoking status recorded in the EMR [Lookback: All time] All patients/clients should be asked if they use tobacco and should have their tobacco use status

documented on a regular basis. All physicians, nurses and other health care workers should strongly advise all patients who smoke to quit and provide brief advice.

N

9.  a. % of patients with hypertension, with a test for potassium; b. % of patients with hypertension with a test for sodium; c. % of patients with hypertension with a test for creatinine; d. % of
patients with hypertension, with a test for FBG; e. % of patients with hypertension with lipid profile test; f. % of patients with hypertension with a test for ECG [Lookback: all time] Hypertension-
Routine laboratory tests that should be performed for the investigation of all patients with hypertension include: urinalysis; blood chemistry ([9a] potassium, [9b] sodium and [9c] creatinine);
(9d) fasting blood glucose; (9¢e) fasting serum total cholesterol and high density lipoprotein cholesterol, low density lipoprotein cholesterol and triglycerides; and standard (9f) 12-lead
electrocardiography

10. % of patients with a BMI 2 25.0, with a liver test [Lookback: 3 years] Additional investigations, such as liver enzyme tests, urinalysis and sleep studies (when appropriate), to screen for

and exclude other common ovenNeiiht/obesiﬁ-related health Eroblems.

11. * % of patients with diabetes mellitus, with an HbA1c < 7.0% [Lookback: 18 months] Therapy in most individuals with type 1 or type 2 diabetes should be targeted to achieve an Alc

<7.0% in order to reduce the risk of microvascular and, if implemented early in the course of disease, macrovascular complications.

12.  * % of patients with diabetes mellitus, with an HbA1c < 6.5% [Lookback: 18 months] An A1c < 6.5% may be targeted in some patients with type 2 diabetes to further lower the risk of

nephropathy and retinopathy, but this must be balanced against the risk of hypoglycemia.

13. % of patients with CAD or stroke and an average systolic BP 2 140 in the last year with antihypertensive therapy [Lookback: 18 months] Antihypertensive therapy should be strongly

considered if systolic blood pressure readings average 140 mmHg or higher in the presence of macrovascular target organ damage.

14. * % of patients with diabetes with most recent BP < 130/80 [Lookback: 1 year] Persons with diabetes mellitus should be treated to attain systolic blood pressures of less than 130
mmHg and diastolic blood pressures of less than 80 mmHg. (These target blood pressure levels are the same as the blood pressure treatment thresholds.)

5. % of hypertensive patients with CAD or stroke with an average diastolic BP > 90 over the past 12 months, and on antihypertensive therapy [Lookback: 18 months] Antihypertensive therapy
should be strongly considered if diastolic blood pressure readings average 90 mmHg or higher in the presence of macrovascular target organ damage or other independent cardiovascular
risk factors.

16. % of patients 2 80 years with NO diabetes, CAD or stroke and an average systolic BP = 160, and on antihypertensive therapies [Lookback: 18 months] In the very elderly (age 80 years and

older), who do not have diabetes or target organ damage, the SBP threshold for initiating drug therapy is = 160 mmHg and the SBP target is <150 mmHg.

=

17. % of patients with CAD and a prescription for anti-platelet agents [Lookback: 18 months] Patients with documented coronary artery disease, in the absence of specific contraindications
or documented intolerance, should be treated with anti-platelet agents; for patients with a history of chronic stable angina, remote PCI, or CABG, ASA (75 mg PO to 162 mg) PO daily
indefinitely

18. % of patients 2 40 years with diabetes and a prescription for statin therapy [Lookback: 18 months] Statin therapy should be used to reduce cardiovascular risk in adults with type 1
or type 2 diabetes with any of the following features: Age 240 years

19. % of patients = 55 years with diabetes and a prescription for ACE inhibitors or ARBs [Lookback: 18 months] ACE inhibitor or ARB, at doses that have demonstrated vascular
protection, should be used to reduce cardiovascular risk in adults with type 1 or type 2 diabetes with any of the following: Age 2 55 years

20. % of patients with hypertension and a prescription for at least one of these kinds of drugs for thiazide diuretics; B-blockers; ACE inhibitors; CCBs or ARBs [Lookback: 18 months] Initial
therapy should consist of monotherapy with a thiazide diuretic; a B-blocker (in patients younger than 60 years); an ACE inhibitor (in nonblack patients); a long-acting CCB; or an ARB. If
there are adverse effects, another drug from this group should be substituted. Hypokalemia should be avoided in patients treated with thiazide diuretic monotherapy.

21. % of patients with hypertension with a most recent BP above target (BP Target < 140/90 if patient < 80 years, BP Target < 150/90 if patient > 80 years, BP Target < 130/80 if patient =
diabetes mellitus) and a prescription for at least two first line anti-hypertensive agents [Lookback: 18 months] Combination therapy using two first-line agents may also be considered as
initial treatment of hypertension if systolic blood pressure is 20 mmHg above target or if diastolic blood pressure is 10 mmH g above target.

22. % of patients with CAD, diabetes mellitus, hypertension or CKD and a prescription for ACE or ARBs [Lookback: 18 months] For persons with cardiovascular or kidney disease,
including microalbuminuria or with cardiovascular risk factors in addition to diabetes and hypertension, an ACE inhibitor or an ARB is recommended as initial therapy.

23. % of patients with hypertension and CAD and a prescription for ACE or ARBs [Lookback: 18 months] An ACE inhibitor or ARB is recommended for most patients with hypertension
and coronary artery disease

* denotes the QI is an outcome-based indicator (QI 2, 11, 12, 14). The remaining indicators are process-based indicators.

Figure 3-2 Adherence to C-CHANGE Quiality Indicators (QI) in the EMRALDe population



Chapter 4

Measuring Chronic Obstructive Pulmonary Disease
Quality Indicators within Primary Care Electronic Medical

Records in Ontario, Canada

The purpose of this chapter is to answer the question, “can EMRs be used to measure COPD
quality indicators in primary care?” Unlike Chapter 3 where quality indicators were developed
from clinical guideline recommendations for cardiovascular health, this chapter looked at
existing quality indicators for COPD. Chapter 4 sets out to use EMR data to assess primary care
physicians’ performance in COPD management.

The objectives of this chapter are to:
1. Assess whether quality indicators for chronic obstructive pulmonary disease (COPD)

can be measured using primary care electronic medical records

2. Assess whether primary care practices are adhering to COPD quality indicators in

Ontario.
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4.1 Abstract

Background: The majority of patients with chronic obstructive pulmonary disease (COPD) are
first diagnosed and treated in primary care. Best practice standards have been developed, but
quality of care for COPD in this setting is uncertain. We sought to determine if it was possible to
assess the quality of COPD management in primary care settings in Ontario using primary care

electronic medical records (EMRS).

Methods: We conducted a cross-sectional study using EMR data from the Electronic Medical
Record Administrative data Linked Database (EMRALDe®) in Ontario, Canada, to assess COPD
management by family physicians (FPs). We identified patients with COPD using a validated
case-definition. Thirty-three COPD quality indicators were assessed for measurability by review
of structured or semi-structured fields of the patients’ EMRs. Eleven of these quality indicators
were analyzed at the population-level, calculating the proportion and 95% confidence intervals
(Cls) of patients meeting the quality indicator criteria. Performance of quality indicators were

then aggregated at the physician-level, to assess the variability of rates across FPs’ practices.

Results: We included 6995 patients with COPD who were rostered to 247 FPs. Recording of
smoking history (85.1%, 95% CI [84.3%, 85.9%]) and prescription of long-acting
bronchodilators (76.9%, 95% CI [75.9%, 77.9%]) were the most commonly achieved quality
indicators. We found infrequent utilization of oxygen therapy (8.1%, 95% CI [7.4%, 8.7%]) and
pulmonary rehabilitation (4.0%, 95% CI [3.6%, 4.5%]) among all patients. Quality indicator
results varied across FP practices, particularly for provision of smoking cessation support to
current smokers (median 67%, inter-quartile range [IQR] 44%), performing spirometry (median
53%, IQR 33%), administering pneumococcal (median 68%, IQR 29%) and influenza vaccines
(median 61%, IQR 24%).

Conclusion: Primary care EMRs can be used to measure COPD quality indicators which are
indicated for the majority of patients with COPD. Assessing appropriate COPD care based on
level of COPD symptoms and severity would enhance COPD care assessment. Overall, the
results suggest there is high variation across FP practices and there are opportunities for

improved patient care in several areas of COPD management.
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4.2 Introduction

Chronic obstructive pulmonary disease (COPD) is an incurable and progressive chronic
condition and a leading cause of hospitalization and mortality worldwide.1s1 There is substantial
evidence that management of COPD is not in accordance with evidence-based guidelines29,30,152-
157, resulting in missed opportunities to reduce morbidity, mortality, hospitalization and health
care costs. As the majority of patients with COPD are initially diagnosed and managed in
primary health care settings, family physicians (FPs) play an important role in improving the

quality of care and management of COPD in patients.

There is limited information on the quality of COPD care in primary care settings in Canada.
The increased uptake of electronic medical records (EMRS) in primary careiss provides a source
of systematically collected longitudinal data that can be leveraged to attain information on the
quality of care received by patients in real-world practiceioz,159-163. The objective of our study
was to assess whether or not the quality of COPD management in primary care could be
measured by comparing EMR data from FPs’ practices in Ontario against a set of evidence-based
COPD quality indicators. In addition to providing a reference against future changes in the
management of COPD, measuring the current quality of COPD management in primary care
practices establishes a baseline that can be used to evaluate the impact of targeted interventions,

to identify populations at high risk, and to detect gaps in care that warrant further attention.

4.3 Methods

4.3.1 Study design

A cross-sectional study was conducted to measure the quality of care received by patients with
COPD relative to a set of previously published evidence-based quality indicatorsies. Structured
and semi-structured fields in primary care EMR data of Ontario patients were reviewed to
identify the presence of indicated care at the population-level and at the physician-level. At the
population-level, quality indicators were evaluated by the unadjusted proportion of eligible
patients meeting the quality indicator criteria. At the physician-level, patients were linked to their
FP and proportions of patients meeting the quality indicator criteria were aggregated by each

FP’s practice to assess the statistical dispersion in care provided across FP practices. This study
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was approved by the institutional review board at Sunnybrook Health Sciences Centre in

Toronto, Canada.

4.3.2 Setting and data source

The Electronic Medical Record Administrative data Linked Database (EMRALDe) held at the
Institute for Clinical Evaluative Sciences (ICES), in Ontario, Canadass,9s was used to measure
COPD quality indicators. Ontario has a publicly-funded health care system and individuals may
enroll and be ‘rostered’ to a FP’s practice for comprehensive and continuous care. Our study was
based on practice data contributed by FPs in Ontario who use Practice Solutions (PS) Suite EMR
(TELUS Health, Montreal, QC), the most widely used primary care EMR software among

Ontario FPszses.

On average, EMRALDe physicians are representative of the typical Ontario physician, except
they are slightly younger, more likely to be female, and more rural-represented than the typical
Ontario physician.ss EMRALDe® provides a good representation of the general Ontario
population in terms of age, sex, and measures of comorbidity.ss EMRALDe includes all
longitudinal patient chart data entered in the EMR dating back to the time the FP started using
PS Suite EMR (from as far back as 1986), up to the time of data collection from the FP’s
practice. At the time of this study, the average physician in EMRALDe had used PS Suite EMR

for 6 years.

4.3.3 Study population

The study cohort was derived from EMRALDe data collected between November 2013 and
October 2014. To be eligible, FPs must have used the PS Suite EMR for at least two years so as
to optimize the completeness of data.ss,98 Patients required a valid birthdate in the database, a
valid health insurance number, enrollment in a study FP’s roster, and at least one visit to the FP
in the two years preceding the date of data collection. They also had to be over 40 years of age as

of the time of data collection and have COPD according to the case-definition.

The case-definition for COPD consisted of presence of any of the following: having COPD
recorded in the patient's problem list; at least three billing claims recorded for COPD
(emphysema, chronic bronchitis, or other COPD) in one year; a prescription for long-acting

anticholinergics at any time in the chart; or a prescription for short-acting anticholinergic
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bronchodilator in conjunction with any COPD claims in the history of the chartie1. This
algorithm was validated against manual chart abstraction in a prior study, and had a positive

predictive value of 93.6%, a sensitivity of 76.9% and a specificity of 99.7%.161

4.3.4 Measurement of quality indicators

We based our study on a comprehensive set of evidence-based quality indicators previously
developed by the Ontario COPD Population Health Network using a modified RAND
Appropriateness Method consisting of a systematic review and Delphi expert panel.164,166 The
final set of 33 COPD quality indicatorsies was reviewed by the study team to assess their
measurability within the EMRALDe database. We determined that 11 quality indicators (see
Appendix C) consisted of clinical information that was recorded in structured or semi-structured
EMR fields and was searchable without natural language processing. For each of these quality
indicators, we defined the numerator, denominator, exclusion, and timeframe criteria using a list
of terms searchable in the EMR. The searchable EMR fields included data primarily populated in
the FP’s clinic, patient medical history, prescribed medication, diagnostic or laboratory test
results received by the clinic, and title and content of electronic consultation letters or referrals.
Information from specialist or emergency care, such as laboratory test results, spirometry results,
prescriptions, hospital discharge summaries that were not recorded and converted into text-
searchable format in the EMR were not included. The definition of the numerator, denominator,
exclusion criteria, look-back time frames, and limitations to measurement are outlined for each
quality indicator in the appendices. Microsoft Structured Query Language (SQL 2012) was used
to search EMRALDe for defined terms and identifying the patients meeting the quality indicator

criteria.

We did not have validated measures of COPD severity, dyspnea and exacerbations using our
EMR data at the time of study, thus quality indicators applicable to only certain severities of
COPD or acute exacerbations and dyspnea were either excluded or adapted to apply to all
patients with COPD (regardless of severity or symptoms) in order to assess the feasibility of
measuring them and identify current healthcare or medication utilization rates among all patients
with COPD. The 22 quality indicators that could not be measured (see Appendix D) included
quality indicators requiring search of unstructured free-text sources or administrative data
sources. The quality indicators that could not be measured included care related to individualized

comprehensive management plans, COPD action plans, advanced care directives, palliative care,
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and if care was offered (but not necessarily delivered) to the patient. Quality indicators requiring
hospitalization records of patients were excluded as they are not well recorded in primary care
EMR data.os

4.3.5 Analysis

We summarized demographic information, including prevalence of comorbidities (strokei2s,
atrial fibrillationi2s, chronic kidney disease124, ischemic heart disease or coronary artery
disease127, hypertensioni24, diabetesi2s,126) based on previously validated EMR algorithms. At the
population-level, all measurable quality indicators were evaluated by assessing the unadjusted
proportion and 95% confidence intervals of eligible patients who met the numerator and

denominator criteria, with the date of EMR data collection set as the index date.

At the physician-level, proportions of patients meeting the quality indicator criteria were

aggregated by each FP’s practice for FPs who had at least six patients with COPD in their roster.
Physician-level variation was described with five-number summaries (minimum, lower quartile,
median, upper quartile, and maximum), inter-quartile ranges (IQRs), means, standard deviations,

coefficients of quartile deviation, and Pearson’s second coefficient of skewness.

4.4 Results

4.4.1 Study population

We identified 6995 patients meeting the case-definition for COPD among 123,596 patients over
the age of 40 (prevalence of 5.7%) who were rostered to study FPs meeting the study criteria
(Figure 4-1). Four FPs who met the study criteria did not have any patients meeting the COPD
case-definition. On average, 28 patients with COPD were rostered per FP, with a median of 19
patients (IQR [9-38]) and a maximum of 155 patients with COPD enrolled in a single FP
practice. Thirty-one FPs had less than six patients meeting the COPD case-definition and were
excluded from the physician-level analysis. As seen in Table 4-1, the average age of a patient
with COPD was 70 years, and 32.7% of patients were under the age of 65. Compared to all
rostered patients over the age of 40, patients with COPD were older, had higher rates of

comorbidity and were less frequently women.
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4.4.2 COPD quality indicators in EMRALDe

Of the eleven quality indicators we assessed in the EMR database, five quality indicators were
applicable to all patients with COPD. The total number, proportions and 95% Cls of patients
with COPD meeting each quality indicator criteria are presented in Table 4-2. The highest
performing indicator was that 85% (95% CI [84.3-85.9%]) of patients had their smoking status
recorded. Six of the assessed quality indicator criteria were met in at least 60% of the eligible
patients. Only 54.8% (95% CI [53.6-55.9%]) of patients had evidence of spirometry in their
records. The use of long-acting bronchodilators and short-acting bronchodilators were found in
approximate three-quarters of our study population. Utilization rates intended for moderate or
severe COPD (use of combination inhaled corticosteroids and long-acting bronchodilator,
opioids, long-term oxygen therapy, pulmonary rehabilitation) were observed in less than a third
of all patients with COPD.

When the proportions of patients meeting quality indicator criteria were aggregated by each FP’s
roster, a high degree of variation amongst practices was observed (Table 4-3). Figure 4-2 depicts
the statistical distribution of proportions of patients in FPs’ rosters meeting COPD quality
indicator criteria. We found large variation in rates of vaccination, smoking intervention and
spirometry. The top quartile of FPs provided influenza and pneumococcal vaccinations to nearly
all of their COPD patients. Conversely, in the practices of the FPs in the lower quartile, only 16
to 50% and 12 to 54% of patients received influenza and pneumococcal vaccines respectively.
FPs had high rates of recording patients’ smoking status overall, but rates of smoking
intervention for current smokers with COPD were low and had the largest absolute variation
(median: 66.7, IQR: 39.7%) out of the eleven quality indicators. On average, about half the
patients had spirometry recorded in their EMRs. The variation found in rates of spirometry was
very high amongst physicians (median: 53.8%, IQR: 32.5%), with the upper quartile having
records of spirometry for three-quarters of their patients, compared to 6 to 40% in the lower

quartile.

Among all patients with COPD, prescription rates of long-acting (median: 78.0%, IQR: 19.3%)
and short-acting anticholinergic (median: 75.0%, IQR: 18.7%) bronchodilators were high for
most FP practices with relatively low levels of variation. In contrast, the proportion of patients
with COPD who used combination inhaled corticosteroid and long-acting bronchodilators
(median: 28.1%, IQR: 21.3%) and opioids (median: 13.6%, IQR: 12.4%) were much lower, with
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relatively high levels of variation between FP practices as indicated by the coefficient of quartile

deviation.

4.5 Discussion

We conducted a cross-sectional study in a primary care population representative of the Ontario
population using real-world EMR data to study care provided to patients with COPD. We
measured five evidence-based quality indicators appropriate for all patients with COPD, and
additionally assessed four rates of medication utilization and two rates of healthcare utilization
relevant to COPD care practices. We found suboptimal levels of various aspects of care for
patients with COPD, particularly low rates of spirometry, smoking cessation support, influenza
vaccination, pneumococcal vaccination and very limited use of pulmonary rehabilitation.

Additionally, we found large variation between FPs’ rosters in our secondary analysis.

Prevalence and practice patterns for COPD populations in Canada have been widely
studiedzs,31,152,157,160,167,168, however this is the first study in Canada, to our knowledge, that
evaluates the quality of COPD care in primary care based on EMR data. COPD studies in
Canada have mainly been conducted through surveys, questionnaires, manual chart review, case
reports and administrative databases, and few focused on primary care. Only recently, has EMR
data been used to identify and describe EMR-derived cohorts of COPD patients.160,161 Outside of
Canada, US-based studies have utilized EMR data to evaluate COPD management in both
primary and tertiary care settings, and also identified sub-optimal aspects of COPD careis9,163,169-
171. US-based studies have examined barriers to COPD guideline adherence in primary care
settings.3o0,172-177 Similarly, several European countries have studied quality of COPD
management and quality improvement methods in primary carez1ss,i62,178-186. Despite differences
in data sources and settings, there were many consistencies between our findings and the results

of these other studies.

Consistent with other studies, our study also found spirometry to be underutilized for patients
with COPD diagnoses15s7,171,174,177,181,187-192. This is despite spirometry being feasible in primary
care clinics with minimal trainingis4,193,194 and being beneficial for treatment decisionsiss and
long-term patient health outcomeszes. Our study found large variations in COPD care and

treatment across primary care practices in Ontario, with the upper quartile of FPs having a
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spirometry record for nearly all of their rostered patients with COPD, and the lower quartile of
FPs having them for less than half. It is possible that the low level of spirometry recording is due
in part to disease duration, which was not accounted for in our study, and would require
consideration of the time of when the COPD was first diagnosed or when COPD medications
were first prescribed. Given the importance of spirometry to inform management, this result
suggests an opportunity to improve diagnosis, provide appropriate treatment and improve health
outcomesiss. While this study did not investigate the cause of the variation observed, Salinas et
al. identified several barriers to the use of spirometry, including inaccessibility, FPs’ perceptions
such as disagreeing with spirometry guidelines, having low confidence in spirometry data
interpretation, believing that spirometry was unnecessary to confirm suspicion, and/or the
inability to integrate spirometry onsite.174 Our research may aid in identifying benchmarking

targets for spirometry.

While pneumococcal vaccinations rates in COPD populations have been studied in the US and
Europe,163,196-199 the present study is the first to our knowledge to report pneumococcal
vaccination rates in Canada among patients with COPD. The pneumococcal vaccination rate of
66% found in our study was similar to rates found in Spainzoo and one study in the USz9s, and
higher than the vaccination rates of 5% to 36% reported elsewhere in US19s and in other
European countries, including Irelandzo1, Norway202, Germany and France19s,203. The differences
may be due to the number of elderly people in the study population as age is associated with
higher rates of vaccination2oo,201,204, recall bias in the case of self-reported surveys2os, different
levels of awareness of the vaccine and its effectiveness2oo,201,204, Or insurance coverage or
affordability of the vaccine. A Canadian study on knowledge, attitudes, beliefs and behaviours
about pneumococcal immunization suggested that recommendation from a healthcare provider is
the strongest predictor of vaccination and increased education could help achieve gains in
coveragez04. A 2015 Cochrane review found that pneumococcal vaccines can reduce
hospitalization rates from COPD exacerbation, and can provide protection from infection2os,
particularly to those under the age of 65 for whom the vaccine has shown most efficacyzoe. Our
study found the lower quartile of FPs vaccinate only 12 to 54% of their patients with COPD.
Fortunately, previous quality improvement efforts to increase pneumococcal vaccination rates
have had successi9e,207,208 and could be of interest for future research and implementation. We

also found the rate of annual influenza vaccination to be lower than prior physician-reported
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rates.1s7 but consistent with rates reported in other primary care settings.1es,191 Underestimation in
our data is possible due to the availability of influenza vaccines in community pharmacies
through the Universal Influenza Immunization Program in Ontariozog, since vaccinations given

outside of their practice may not be documented by some FPs.

Although we did not assess severity or symptoms, we found that short-acting bronchodilators
and long-acting bronchodilators were prescribed to most patients with COPD. Short-acting
bronchodilators were prescribed at a similar rate to a physician self-report surveyisz but more
frequently than rates of short-acting beta-agonists suggested in previous Canadian studiesau,ies.
Rates of prescription of long-acting bronchodilators were comparable to three studiesis7,163,19,
but much higher than the 6-43% reported in US studies with a different insurance
systemi7o,176,177. We found a slightly higher rate of use of long-acting bronchodilators in our
study cohort compared to short-acting bronchodilators, which may reflect the nature of its
inclusion in our COPD case-definition, which had a high positive predictive value, but may have

not included patients with milder forms of COPD

The strengths of our study are that error of recall and biases of response are potentially reduced
with EMR data compared to traditional surveys or questionnaires. The sampling population was
representative of the general Ontario patient and FP populations. Compared to administrative
data, EMR data contain medication prescription information of all patients regardless of age,
including one-third of the study patients who are under the age of 65 and ineligible for our
provincial public drug program. While hospital-based studies are more likely to have patients
with higher severity of COPD due to exacerbation and admission, our study includes patients
with COPD of all severities and provides an overall picture for the routine care in this
population. Additionally, as the quality indicators were aggregated per FP practice, it is possible
to assess the level of variation in practice among FPs to understand the quality of care from a
system-level. While the present study was cross-sectional, the data is longitudinal and thus the

findings can be used to study benchmarking and patterns in standard of care over time.

We had a number of limitations in our study. First, our study population was limited to our case-
definition of COPD and would have missed patients with undiagnosed COPD. Second, we did
not have a validated measure of COPD severity or exacerbation. Because PFT results are not

fully standardized with regards to how their parameters and interpretations are recorded in the
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EMR, it remains a challenge to validate COPD severity with EMR data alone. Quality indicators
originally intended for a subset of patients with COPD (for certain severities or symptoms) were
still included in our analysis to understand the medication and healthcare utilization rates;
however, it reflected in our results as lower rates of combination inhaler use (corticosteroid and
long-acting bronchodilator), opioid use, oxygen therapy and pulmonary rehabilitation, all of
which would be appropriate quality indicators for those with more advanced stages of COPD.
These results must be interpreted in this context and not as poor quality of care in our population.
Despite this limitation, we felt that these utilization rates were still important to determine to
establish the feasibility of measuring and reporting them as they are not widely reported at a
population level. Future studies should examine more severe COPD population for in which
higher levels of these QI should be found. It will be valuable to determine severity, disease
duration, dyspnea and exacerbations within EMR data in order to evaluate the appropriateness of
pharmacotherapy, access to pulmonary rehabilitation, oxygen therapy and potential patterns of

overtreatment2zo.

A third limitation is that it is possible that some patients received the care indicated in the quality
indicator, but had insufficient electronic documentation in their EMR, thus lowering our result.
For instance we found high rates documentation on patients’ smoking history, but low rates of
smoking cessation intervention among current smokers (64.3%, 95%CI [62.3, 66.4%)]) relative to
two survey-based studies reporting rates of 91%175 and 95%a57. It is possible that the patients’
smoking histories was not updated, or that over-the-counter (OTC) smoking-cessation
medications were advised for the patients but not documented in the EMR. Only the care
recorded as being provided at the primary care clinic or retroactively added in the EMR charts
could be included in this analysis. Any care provided outside of the FP’s clinic, medications
prescribed by specialists, OTC medication, hospitalization records that were not later
documented in the primary care EMR were excluded. This highlights the value of EMR
interoperability and communication of information between primary, tertiary and community
health facilities. Additionally, it is possible that the necessary information for the remaining
unmeasured quality indicators are detailed in the free-text EMR fields but could not be analyzed
by the methods used in this study. Standardized ways of recording processes of care (such as

electronic decision support or procedure codes) could improve measurability.
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The fifth limitation is that variation in the adherence rates are likely due to in part to
heterogenous patient populations in the different practices and variation in data recording. The
physician-level variation was not adjusted for patient characteristics or size of each clinic and
may influence practice patterns. For example, some physicians may be responsible for a larger
number of patients with complex needs compared to other physicians, and some physicians may
only have a small number of patients with COPD. Some of these potential effects were reduced
by including only physicians with at least six patients with COPD in their practice. The variation
may also reflect differences in documentation practice as some FPs may irregularly update the
structured fields in the EMR. Future research with EMR should assess and adjust for known co-

morbidities in patients with COPD who often have multiple chronic conditions.

A sixth limitation is that the indicators we measured were not comprehensive as we measured
only the COPD quality indicators that were feasible to measure in our primary care EMR
database. Although we report on important aspects of COPD care, we could not include
information on all original 33 QlIs, such as individualized plans, hospitalization, and advance

care directives (see Appendix D).

Despite the highlighted limitations, our results are valuable to clinicians and researchers who are
interested in COPD patient care. Future research should investigate how to identify patients with
varying severities of COPD using EMR data, the cause of variation observed in patient care, and
how to address some of the large gaps identified in COPD management in primary care

practices. Clinical decision support tools and quality improvement programs can also be studied
in this setting to evaluate the possibility of improving rates of smoking cessation counselling211-

213, vaccinationiss,is4,207, pulmonary rehabilitationisa.
4.6 Conclusion

The results from this study provide insight on practice patterns and highlight that several areas of
COPD management require further consideration. There is great variation in how COPD is
currently managed among FPs in Ontario. Future studies can explore the patient, physician or
clinic factors that influence quality of COPD care. As COPD has a high cost to both quality of

life and the health care system, FPs are in an important position to identify COPD and implement
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preventive measures early to improve long-term outcomes; this study can provide a baseline

against which to measure such initiatives.
4.7 Tables and figures

Table 4-1 Characteristics of study population with chronic obstructive pulmonary disease and all
patients cared for by 251 physicians in EMRALDe practicing in 39 clinics in Ontario, Canada
(2014)

All patients (age > 40
years) rostered to study
family physicians*

Patients with chronic
obstructive pulmonary disease

Number of family physicians (n) 251 247
Number of patients (n, %) 123596 100 6995 5.7
Female (n, %) 70474 57.0 3588 51.3
Average age (years, SD) 60.1 12.9 704 11.9
Patients > 65 years of age (n, %) 41734 33.8 4701 67.2
e e uaonof £V
Comorbidities (n, %)
Stroke 4262 3.4 641 9.2
Atrial fibrillation 5116 4.1 873 125
Chronic kidney disease 9313 7.5 1390 19.9
Ischemic heart disease 9065 7.3 1472 21.0
Hypertension 37524 30.4 3527 50.4
Diabetes mellitus 17349 14.0 1746 25.0

*including patients with chronic obstructive pulmonary disease
EMR — electronic medical record; SD - standard deviation
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Table 4-2 Proportions of patients with chronic obstructive pulmonary disease meeting various COPD quality indicator criteria in Ontario,

Canada (2014)
Original Quality Indicator Description Adapted quality indicator measured in Numerator = Denomina = Proportion @ 95%
the primary care electronic medical (n) tor (n) of patients | confidence
record (%) interval (%)
Influenza vaccination received: Percentage  [1] Percent of patients with COPD who 4233 6995 60.5 (59.4, 61.7)
of people with COPD who received an received the influenza vaccine in the
influenza immunization in the preceding past 18 months
flu season
Pneumococcal vaccination received: [2] Percent of patients with COPD who 4621 6995 66.1 (65.0, 67.2)
Percentage of people with COPD who received a dose of pneumococcal
received pneumococcal vaccination as vaccine at any time in the history of the
per latest guidelines. chart (excluding those with an allergy to
pneumococcal vaccines)
Smoking assessment among non-smokers: [3] Percent of percent of patients with 5952 6995 85.1 (84.3, 85.9)
Percentage of people with COPD who COPD whose smoking status is
are non-smokers, including former recorded in the patients risk factors at
smokers, who were asked about any time in the history of the chart
smoking status and secondhand smoke Non-smoker = 607 6995 8.7 (8.0,9.3)
exposure in the last year Previous-smoker = 3222 6995 46.1 (44.9, 47.2)
Current smoker = 2123 6995 30.4 (29.3, 31.4)
Missing 1043 6995 14.9 (14.1, 15.7)
Smoking cessation intervention received: [4] Percent of patients with COPD and 1366 2123+ 64.3 (62.3, 66.4)
Percentage of people with COPD who recorded as current smoker who has
are current smokers who received a smoking cessation drugs (see Appendix
smoking cessation intervention (e.g. E) in their medication chart OR has
counselling, pharmacotherapy) in the smoking cessation/counselling claims
last year (EQ79, K039, Q042A or bills labelled
'smoking cessation' or 'smoking
consulting’) at any time in the history of
their chart
Spirometry to confirm diagnosis: [5] Percent of patients with COPD who had 3831 6995 54.8 (53.6, 55.9)
Percentage of people with COPD who pulmonary function tests recorded in
had their diagnosis confirmed by post their laboratory results at any time in the
bronchodilator spirometry history of their chart
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Original Quality Indicator Description Adapted quality indicator measured in Numerator = Denomina = Proportion @ 95%

the primary care electronic medical (n) tor (n) of patients | confidence
record (%) interval (%)
The following quality indicators were assessed for all patients with COPD regardless of symptoms or severity to look at utilization rates among all
patients
Long-acting bronchodilators for chronic [6] Percent of patients with COPD of any 5381 6995 76.9 (75.9, 77.9)
disease management: Percentage of severity with long-acting
people with moderate to very severe bronchodilators in medication list (long-
COPD who were prescribed a long- acting beta-agonist or long-acting
acting beta agonist or long-acting anticholinergic) at any time in the
muscarinic antagonist/long-acting history of the chart
anticholinergic bronchodilator, alone or Long-acting beta-agonist = 3884 6995 56.1 (54.4, 56.7)
in combination Long-acting anticholinergic 4622 6995 66.1 (65.0, 67.2)
Short-acting anticholinergic bronchodilators = [7] Percent of patients with COPD of any 5135 6995 734 (72.4,74.4)
for chronic disease management: severity with short-acting anticholinergic
Percentage of people with symptomatic = bronchodilators in medication list (short-
COPD who were prescribed a short- acting beta-agonist or short-acting
acting beta-agonist or short-acting anticholinergic) at any time in the history of
anticholinergic bronchodilator the chart
Short-acting beta-agonist 5009 6995 71.6 (70.6, 72.7)
Short-acting anticholinergic = 1114 6995 15.9 (15.1, 16.8)
Combination Inhaled corticosteroids and [8] Percent of patients with COPD of any 2164 6995 30.9 (29.9, 32.0)
long-acting bronchodilators for chronic severity with combination inhaled
disease management: Percentage of corticosteroids and long-acting
people with moderate to very severe bronchodilators in the medication list
COPD who had two or more (combination inhaler; or long-acting
exacerbations in the previous year who bronchodilators and a corticosteroid) at
were prescribed inhaled corticosteroids any time in the history of the chart
with long-acting bronchodilators
Opioids: Percentage of people with very [9] Percent of patients with COPD of any 1091 6995; 15.6 (14.7, 16.4)
severe COPD and intractable dyspnea severity who have opioids prescribed at any
who were prescribed an opioid time in the history of the chart;
Long term oxygen therapy (LTOT) [10] Percent of patients with COPD of any 564 6995; 8.1 (7.4,8.7)
assessment: Percentage of people with severity with oxygen therapy in the
severe COPD and/or an oxygen cumulative patient profile or treatments
saturation less than or equal to 88% at any time in the history of the chart;

when stable who are assessed for LTOT
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Original Quality Indicator Description Adapted quality indicator measured in Numerator = Denomina = Proportion @ 95%

the primary care electronic medical (n) tor (n) of patients | confidence
record (%) interval (%)
Pulmonary rehabilitation referral: [11] Percent of patients with COPD of any | 282 6995; 4.0 (3.6, 4.5)
Percentage of eligible people with severity with pulmonary rehabilitation
moderate to severe COPD who have in consultation letters or in the patient
ever been referred to a multidisciplinary cumulative patient profile at any time in
pulmonary rehabilitation program the history of the chart;

meeting current standardized guidelines
(This should include, as per latest
guidelines and evidence, supervised
individually tailored exercise training,
structured education program,
psychological support, multidisciplinary
health care professional team, written
exercise maintenance plan, and
outcomes assessment)

+ Inclusion criteria: patients with COPD with a recorded current smoking history. The remaining quality indicators included all patients
who met the COPD case-definition.

1 No validated measure of COPD severity was available, thus the denominator included all patients meeting the case-definition for COPD
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Table 4-3 Physician-level aggregate proportions of patients with COPD meeting quality indicator criteria per family physician practice for
family physicians with at least 6 patients with COPD in their roster*

Original Quality
Indicator Description

Influenza vaccination
received: Percentage
of people with COPD
who received an
influenza immunization
in the preceding flu
season

Pneumococcal
vaccination received:
Percentage of people
with COPD who
received pneumococcal
vaccination as per
latest guidelines.

Smoking assessment
among non-smokers:
Percentage of people
with COPD who are
non-smokers, including
former smokers, who
were asked about
smoking status and
secondhand smoke
exposure in the last
year

Adapted quality
indicator measured in
the primary care
electronic medical
record

[1] Percent of patients = 61.3
with COPD who

received the influenza

vaccine in the past 18

months (excluding

those with an allergy to
influenza vaccines)

[2] Percent of patients | 69.1
with COPD who

received a dose of
pneumococcal vaccine

at any time in the

history of the chart

(excluding those with

an allergy to

pneumococcal

vaccines)

[3] Percent of percent 94.3
of patients with COPD

whose smoking status

is recorded in the

patient risk factors at

any time in the history

of the chart

Median (%) Q- 25th

Qs -75th
percentile = percentile
(%) (%)

50.0 72.8
54.1 81.9
85.7 100.0
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IQR  Min | Max

Qs-
Q
(%)

22.8

27.8

14.3

(%) (%)

15.8  100.0
12.4 ' 100.0
64.3 | 100.0

Pearson’s Coefficient Mean SD
second of quartile = (%) (%)
coefficient = deviation

-0.10 18.6 608 178
-0.24 20.4 67.7 18.1
-1.07 7.7 86.9 209



Original Quality
Indicator Description

Smoking cessation

intervention received:

Percentage of people
with COPD who are
current smokers who
received a smoking
cessation intervention
(e.g. counselling,
pharmacotherapy) in
the last year

Spirometry to
confirm diagnosis:
Percentage of people
with COPD who had
their diagnosis
confirmed by post
bronchodilator
spirometry

Adapted quality
indicator measured in
the primary care
electronic medical
record

[4] Percent of patients
with COPD and
recorded as current
smoker who has
smoking cessation
drugs (see Appendix E)
in their medication
chart OR has smoking
cessation/counselling
claims (E079, K039,
QO042A or bills labelled
'smoking cessation' or
'smoking consulting') at
any time in the history
of their chart;

[5] Percent of patients
with COPD who had
pulmonary function
tests recorded in their
laboratory results at
any time in the history
of their chart

Median (%) Q1-25th Qs -75th IQR  Min | Max  Pearson’s Coefficient Mean SD
percentile percentile Qs- (%) (%) @ second of quartile = (%) (%)
(%) (%) Q1 coefficient = deviation
(%)
66.7 44.1 83.8 39.7 0.0  100.0 @ -0.45 31.0 625 284
53.8 40.4 72.9 325 6.3 1000 0.26 28.7 55.7 218

The following quality indicators were assessed for all patients with COPD regardless of symptoms or severity to look at utilization rates among all patients
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Original Quality
Indicator Description

Long-acting
bronchodilators for
chronic disease
management:
Percentage of people
with moderate to very
severe COPD who
were prescribed a long-
acting beta agonist or
long-acting muscarinic
antagonist/long-acting
anticholinergic
bronchodilator, alone
or in combination
Short-acting
anticholinergic
bronchodilators for
chronic disease
management:
Percentage of people
with symptomatic
COPD who were
prescribed a short-
acting beta-agonist or
short-acting
anticholinergic
bronchodilator
Combination Inhaled
corticosteroids and
long-acting
bronchodilators for
chronic disease
management:
Percentage of people
with moderate to very

Adapted quality

indicator measured in

the primary care
electronic medical
record

[6] Percent of patients
with COPD of any
severity with long-
acting bronchodilators
in medication list
(long-acting beta-
agonist or long-acting
anticholinergic) at any
time in the history of
the chart

[7] Percent of patients
with COPD of any
severity with short-
acting anticholinergic
bronchodilators in
medication list (short-
acting beta-agonist or
short-acting
anticholinergic) at any
time in the history of
the chart

[8] Percent of patients
with COPD of any
severity with
combination inhaled
corticosteroids and
long-acting
bronchodilators in the
medication list

Median (%)

78.0

75.0

28.1

Q1-25th Qs -75th
percentile = percentile
(%) (%)

66.7 86.0

66.7 85.3

18.8 40.0
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IQR | Min
Qs- (%)
Q1

(%)

19.3 37.7
18.7  38.7
21.3 0.0

Max
(%)

100.0

100.0

71.9

Pearson’s
second
coefficient

-0.40

-0.29

0.31

Coefficient
of quartile

deviation

12.7

12.3

36.2

Mean

(%)

76.1

73.3

29.7

SD
(%0)

14.0

17.1

15.3



Original Quality
Indicator Description

severe COPD who had
two or more
exacerbations in the
previous year who
were prescribed
inhaled corticosteroids
with long-acting
bronchodilators

Opioids: Percentage of
people with very severe
COPD and intractable
dyspnea who were
prescribed an opioid

Long term oxygen
therapy (LTOT)
assessment:
Percentage of people
with severe COPD
and/or an oxygen
saturation less than or
equal to 88% when
stable who are assessed
for LTOT

Adapted quality
indicator measured in
the primary care
electronic medical
record

(combination inhaler;
or long-acting
bronchodilators and a
corticosteroid) at any
time in the history of
the chart

[9] Percent of patients
with COPD of any
severity who have
opioids prescribed at
any time in the history
of the chart;

[10] Percent of patients
with COPD of any
severity with oxygen
therapy in the
cumulative patient
profile or treatments at
any time in the history
of the chart;

Median (%)

13.6

6.8

Q1- 25tn

percentile

(%)

7.6

1.8

Qs -75th
percentile
(%)

20.0

12.0
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IQR  Min | Max
Q- (%) (%)
Q1

(%)

124 0.0 | 387
101 0.0 | 272

Pearson’s Coefficient Mean SD
second of quartile = (%) (%)
coefficient = deviation

0.14 45.2 14.0 9.2
0.39 73.7 1.7 6.5



Original Quality
Indicator Description

Pulmonary
rehabilitation
referral: Percentage of
eligible people with
moderate to severe
COPD who have ever
been referred to a
multidisciplinary
pulmonary
rehabilitation program
meeting current
standardized guidelines
(This should include,
as per latest guidelines
and evidence,
supervised individually
tailored exercise
training, structured
education program,
psychological support,
multidisciplinary health
care professional team,
written exercise
maintenance plan, and
outcomes assessment)

Q1 — first quartile; Qs — third quartile; Min — minimum; Max; maximum ;IQR — interquartile range; SD — standard deviation (o), Pearson’s second coefficient
Q3—0Q1

o)

(S(mean—median)
SD

Adapted quality
indicator measured in
the primary care
electronic medical
record

[11] Percent of patients
with COPD of any
severity with
pulmonary
rehabilitation in
consultation letters or
in the patient
cumulative patient
profile at any time in
the history of the chart;

Median (%)

1.5

Q1-25th
percentile
(%)

0.0

Qs -75th
percentile
(%)

6.7

IQR | Min
Qs- (%)
Q1

(%)

6.7 0.0

Max
(%)

16.7

Pearson’s
second
coefficient

1.29

) ; Coefficient of quartile deviation — a relative measure of dispersion based on the quartiles, calculated as (Q

Coefficient
of quartile
deviation

100.0

3

1

Mean SD
(%) (%)
46 7.4

+ Inclusion criteria: patients with COPD with a recorded current smoking history. The remaining quality indicators included all patients who met the COPD

case-definition.

£ The denominator included all patients meeting the case-definition for COPD as there was no validated measure of COPD severity

* This analysis includes summaries of patients who are rostered to family physicians that have at least 6 patients meeting the case definition of COPD in their

practice (216 physicians, 6876 patients).
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Study population

» 123 596 eligible patients age =40 who have valid
birthdate, health insurance number, and visited their
family physician at least once in the previous 2 years

» 251 eligible family physicians who have used PS

Suite EMR for at least 2 years
. 39 clinics

Patient must meet COPD case-definition

Excluded
» 116,601 patients not meeting COPD case-definition
4 family physicians do not have any patients meeting

v COPD case-definition in their roster
Population-level analysis
\
6995 eligible patients meeting COPD case-definition
247 eligible family physicians
39 clinics
T Physician-level aggregate analysis criteria
I
I
G Excluded
' 31 family physicians with five or less patients with
4 COPD

(119 patients)

Physician-level analysis

6876 eligible patients meeting COPD case-definition
216 eligible family physicians
39 clinics

Figure 4-1 Study flow diagram
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Figure 4-2 Boxplot depicting the distribution of proportions of patients across 216 family physicians’ rosters who meet COPD quality
indicator criteria (including mean, median, quartiles, 1.5 IQR minimum and maximum, and outliers) based on primary care electronic

medical record data
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Chapter 5

Analysis of individual and physician level factors
associated with adherence to Canadian Cardiovascular
Harmonized National Guidelines Endeavour (C-CHANGE)
recommendations in primary care settings in Ontario: a
retrospective population study using multilevel logistic

regression analyses

The purpose of this chapter is to answer the question, “can EMR data be used to identify
provider or patient characteristics that are associated with the provision or receipt of guideline
adherent care in chronic disease management?”” Answering this question would help identify
patterns of chronic disease management in primary care practice and where quality improvement
may be most needed. The objectives of this chapter are to:

1. Determine if EMR data in conjunction with administrative data can be used to

determine what factors influence quality of primary healthcare at a population level;

2. Use multilevel modelling using EMR and administrative data to determine any
provider-specific of patient-specific characteristics that are correlated with provision or
receipt of cardiovascular care as recommended by the Canadian Cardiovascular
Harmonized Guidelines Endeavour (C-CHANGE); and

3. Determine if there is variation in levels of adherence to C-CHANGE guidelines in

primary care at the provider level or clinic level.
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5.1 Abstract

Introduction: We previously found that there was large variation amongst family physicians in
adherence to the Canadian Cardiovascular Harmonization of National Guidelines Endeavour (C-
CHANGE). The purpose of this study was to assess the role of patient- or physician-level factors
within indicator variation and to determine if there were characteristics of patients or physicians
that contributed to variability in guideline adherence for the screening for, diagnosis and

management of vascular disease and vascular disease risk factors.

Methods: We conducted a retrospective cross-sectional study using multilevel multivariable
logistic regression analyses with the Electronic Medical Record Administrative data Linked
Database (EMRALDe®) housed at ICES in Ontario. Five quality indicators (QIs) based in five
domains of the C-CHANGE published guidelines were modelled. We assessed the effects of
clustering and between-group variation to determine odds ratios (and 95% confidence intervals)
of receiving C-CHANGE recommended care by different patient-level characteristics
(sociodemographic information, comorbidities) and physician-level characteristics (demographic

and practice information). Proportion of variability attributable to both levels was determined.

Results: Our study population consisted of 324 Ontario family physicians practicing in 41 clinics
who provided care to 227,999 adult patients. We found significant variation in Qls, with 15% to
39% of the total level of variation attributable to non-patient factors (physician-level and clinic-
level factors). The largest variation was found in performing 2-hour plasma glucose testing in
prediabetic patients. Patient-level factors most frequently associated with recommendation
adherence included sex, age, and multi-comorbidities. Women were more likely than men to
have their BMI measured, and have their blood pressure under control, and less likely than men

to receive antiplatelets and liver enzyme testing.

Conclusion: The majority of variation in adherence to C-CHANGE recommendations were
attributable to patient factors, but a substantial proportion of unexplained variation remained due
to differences between physicians and clinics even after adjustment for clinical and demographic
attributes at all levels. High variation found may signal suboptimal processes and structures at
the system-level and warrant further investigation in order to improve the quality of primary care

management of cardiovascular disease in Ontario.
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5.2 Introduction

Cardiovascular disease (CVD) and its risk factors remain highly prevalent in Canadaa7, including
substantial levels of obesity, diabetes, hypertension, dyslipidemia and blood glucose.214 Family
physicians (FPs) have an important role in providing high quality care to help prevent, manage
and improve CVD. To this end, the Canadian Cardiovascular Harmonized National Guidelines
Endeavour (C-CHANGE) has amalgamated nine of Canada’s cardiovascular-focused clinical
practice guidelines to produce a harmonized set of key recommendations for primary care
practitioners. In a previous study, we used primary care electronic medical records to show how
well 23 cardiovascular care recommendations from the 2014 C-CHANGE guidelines2is were
being followed.216 Despite the availability of guidelines based on best available

evidence, 112,113,215 our results showed variable quality in several aspects of cardiovascular care in

primary care settings in Ontario.

Adherence to quality indicators derived from previous iterations of C-CHANGE guidelines has
been associated with fewer cardiovascular events.217,218 To further study gaps in CVD care and
identify characteristics of populations that may benefit from future guideline implementation
efforts, we sought to assess patterns of clinical practice in the primary care setting. In this study,
we looked to determine if there were patient or physician characteristics that were associated

with patients receiving guideline-adherent care.
5.3 Methods

5.3.1 Data sources and study population

We conducted a retrospective cross-sectional study of factors related to guideline adherence
using the Electronic Medical Record Administrative data Linked Database (EMRALDe) held at
the ICES in Ontario.13,14 We based the analysis on a study cohort previously described and
derived from the EMRALDe database and included data contributed by FPs who used Telus
Practice Solutions Suite EMR for more than 18 months. We further excluded data of patients
rostered to the FPs if the patients were under the age of 18, or did not have a valid postal code as
we could not obtain their neighbourhood income quintile data. The data were de-identified and
linked using unique encoded identifiers and analyzed at ICES. Ethics approval was obtained

from the institutional review board at Sunnybrook Health Sciences Centre, Toronto.
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5.3.2 Outcome variables — C-CHANGE quality indicators

We evaluated all of the previously measured C-CHANGE indicators216 for adherence at the
patient and physician level and selected one indicator in each of the five C-CHANGE guideline
categories measured: body habitus, diagnostic strategy, risk factors, treatment target and
pharmacological therapies. We selected which specific quality indicator in each category to
evaluate further based on a criteria of low-level of adherence and high level of variance at the

physician level. These indicators and are summarized in Table 5-1.

5.3.3 Explanatory variables
The following patient and physician characteristics were examined to see their association with

guideline-based care.

Patient attributes: Patient attributes included age group, sex, rurality of residence (rural vs non-
rural), socioeconomic status (approximated by neighbourhood income quintiles), comorbidity
level (based on resource utilization bands calculated from the Johns Hopkins Adjusted Clinical
Groupe Case Mix Systemziso), BMI category, and medical history. Patients’ medical history was
based on previously validated algorithms (presence or absence of atrial fibrillationizs, chronic
kidney diseasei124, ischemic heart disease or CAD127, diabetesi2s,126, hypertensionizs and strokeizo,

or congestive heart failurez219).

Physician attributes: Physician covariates included number of years in practice (every 5 years
beyond 10), sex, place of medical training (Canada versus international medical graduate), and

the size of their patient roster (measured per 100 patients above a roster size of 500).
5.4 Analysis

Non-independent observations and clustering of the data were accounted for by creating a three-
level nested model with patients (level-1) nested within FPs’ rosters (level-2) who were nested in
their clinics where they practiced (level-3). The three-level hierarchical cross-sectional analysis
fitted univariate dichotomous outcomes for each of the five quality indicators (QIs) individually
to explore the associations between the receipt of the C-CHANGE recommendations and

explanatory variables. Four models were created for each of the five Qls.
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Models were first fitted in an (i) naive (empty) model without any covariates (intercept-only) to
assess for group effects at each level and used as a reference for comparing the size of contextual
variation in rates of receiving recommended care. The naive model shows the probability of
patients meeting the quality indicator criteria as a function of the physician or clinic the patient is
rostered to (which is accounted for by physician-level and clinic-level random intercepts).
Hierarchical models were developed by sequentially adding the level 1 or level 2 explanatory
variables as fixed effects to the empty models. This included (ii) a model including only patient
attributes; (iitf) a model including only physician attributes; and (iv) the complete model with
patient and physician attributes. We estimated the effect of patient-level characteristics in the
outcomes with group-specific random effects and random intercepts at the physician-level. This
accounted for the clustered nature of the data and allowed us to explore contextual effects on the
receipt of recommended care. Bias-corrected Akaike’s information criteria (AICC)220 were used

for comparing and identifying the model that best accounted for the data.

We measured group-level heterogeneity and the magnitude of the effect of clustering by
calculating the variance partition coefficients (VPCs) and the median odds ratios (MORs). The
VPC estimates the proportion of the total variability observed that can be explained by
differences between patient, physician roster or clinic. The MOR indicates how much a patient’s
odds of being provided the recommended care would increase if the patient moved to a different
physician’s roster or clinic with higher odds of providing the care. A higher MOR (> 1) means
there is more variation between different clusters (FP rosters or clinics). This analysis was

repeated for the five dichotomous outcomes.

We analyzed coded data using SAS v9.2 (SAS Institute Inc, Cary, NC) and Microsoft Structured
Query Language 2012 (Microsoft Corp, Redmond, WA). The hierarchical generalized linear
mixed models with random effects were fitted with SAS PROC GLIMMIX with the Laplace
method, logit link function and Cholesky parameterization. The magnitudes of effects were
exponentiated and measured as odds ratios (ORs) with corresponding two-sided 95% confidence

intervals. Associations were considered as significant when the p-value was below 0.05.
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5.5 Results

5.5.1 Study population characteristics

Our study population included 227,999 patients rostered to 324 physicians practicing in 41
clinics. In-depth descriptions of the study population and study physicians and how the quality
indicators were measured at the patient level were provided in a previous study.2i6 The study
population’s age distribution, level of comorbidity according to resource utilization bands, and
prevalence of chronic conditions for each of the five quality indicators are summarized in Table
5-2.

5.5.2 Variation in meeting criteria of quality indicators due to group effects
The measurements of components of variance and heterogeneity in the probability of patients
meeting the five C-CHANGE quality indicators are summarized in Table 5-3. This includes the
proportion of total variability in quality indicators being met that were attributable to physician
or clinic attributes, the median odds ratios at the physician and clinic level and model fit statistics

for each of the four models corresponding to one of the five quality indicators.

Patient-level differences contributed the most to whether or not the quality indicator criteria were
met in all of the indicators. However, the hierarchical logistical multi-level regression models
showed that the probability of C-CHANGE adherent care was strongly influenced by both
patient and physician characteristics in all instances. In addition, there were significant amounts
of variability in the odds of patients receiving C-CHANGE adherent care between FP rosters and
clinics, with 15% or more of the proportion of total variability being attributable to non-patient
factors (physician or clinic level differences). The highest level of variability due to non-patient
factors were found in whether or not patients received a 2-hour plasma glucose test after
receiving haemoglobin Alc or fasting plasma glucose (FPG) test results that indicate pre-
diabetes. The lowest level of variability in-between groups at both the physician and clinic levels
was found in the outcome-based indicator of whether or not patients with diabetes achieved

blood pressure targets of less than 130 over 80 mmHog.

Median odds ratios at the physician-level and clinic-level were visualized at the bottom of Figure
5-1 Fixed effects of patient and physician attributes on the odds ratios of having the patient's
body mass index recorded (67.3%) and the variability attributing to odds at the patient, physician
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and clinic levels (n = 227,999) to Figure 5-5 to depict the variability due to group-level
heterogeneity relative to measured attributes. The MORs were substantial at both physician and
clinic levels, ranging from 1.6 to 2.9, which suggest that there were unexplained heterogeneity at
the physician and clinic-level, beyond the parameters included in our model, that influenced

whether or not patients met the quality indicator criteria.

5.5.3 Fixed effects of explanatory variables

We found several statistically significant associations between receiving C-CHANGE
recommended care and patient and physician attributes. The associations with the measured fixed
effects and five quality indicators are reported by ORs, their 95% confidence intervals and p-
values presented in Figures 1 to 5, with each figure depicting one of the five quality indicators.
Compared to physician-level factors, patient-level characteristics were more frequently

statistically significant in their association with meeting the quality indicator criteria.

After controlling for all other patient and physician-level factors, women had higher odds of
having their body mass index recorded (OR 1.76 [1.72-1.80]) and having their blood pressure at
target level if they were diabetic (OR: 1.09 [1.02-1.16]). However, they had lower odds of
receiving anti-platelets if they had coronary artery disease (OR: 0.77 [0.70-0.85]). Presence of
comorbidities was associated with meeting two of the quality indicator criteria (receiving a liver
enzyme test when overweight and receiving antiplatelet therapy) as reflected by increase in odds
ratios with each increase in the patients’ resource utilization band. In particular, patients with
diabetes were more likely to have their BMI recorded (OR 1.98 [1.90-2.06]) and receive a liver
enzyme test if they were overweight (OR 4.47 [4.19-4.76]). Patients with stroke had higher odds
of receiving antiplatelet therapy (OR 1.93 [1.68-2.22]) while patients with atrial fibrillation had
half the odds (OR: 0.49 [0.43-0.56]) after adjusting for patient and physician factors.

Patients were more likely to have their BMI recorded with each increase in resource utilization
band from 0 (lowest) to 3. With higher resource use (bands 4 and 5, the highest) the odds
declined. This is reflective of our finding that patients were less likely to have their BMI
recorded if they had a history of chronic kidney disease (OR: 0.82 [0.77-0.86]), congestive heart
failure (OR: 0.60 [0.56-0.64]), or stroke (OR: 0.74 [0.69-0.79]).

Although nearly 64% of patients with congestive heart failure had a BMI measurement, we

found that BMI was less likely to be recorded for patients who had CHF when controlling for all
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other parameters. This result was surprising as monitoring weight is recommended for patients
with CHF and FPs are incentivized to measure the weight of these patients in the CHF
management billing incentive. To understand if weight was monitored and FPs merely did not
measure the height of their CHF patients in order to calculate BMI, we verified the odds ratio of
having a weight measurement recorded in the EMR as opposed to a calculated BMI
measurement. A higher proportion of patients had a weight measurement in the EMR overall
compared to BMI, and 84% of patients with CHF had their weight recorded. Despite this, when
accounting for all other demographic and available clinical factors, patients with CHF were less
likely to have their weight measured (as well as BMI) as well compared to patients without CHF
(OR 0.72 [0.71-0.84)).

When considering physician-level attributes, family physicians who were international medical
graduates were more likely to have their patients’ blood pressure under the target if they were
diabetic (OR: 1.22 [1.03-1.45]). Physicians who have been practicing for longer were less likely
to order 2-h plasma glucose tests (OR: 0.88 [0.81-0.95]) as were physicians who had larger roster
sizes (OR: 0.86 [0.78-0.96]). Family physicians with larger roster sizes were also associated with
lower odds of having patients with coronary artery disease receive antiplatelet therapy (OR 0.95
[0.91-0.98]).

5.6 Discussion

Our retrospective cross-sectional study using patient-level primary care EMR data from 227,999
patients cared for by 324 physicians in Ontario showed widespread variation in the provision of
cardiovascular screening, management and care for patients. Large practice variation across a
jurisdiction can indicate that there are gaps in quality of care, or that there are gaps in knowledge
of best evidence in the healthcare system.ss VVariations can further signal that inequities or
disparities in quality exist, such that certain groups of the population are less likely than others to
receive evidence-based care.ss By creating a series of multilevel multivariable generalized linear
models of quality indicators based on C-CHANGE recommendations, we were able to quantify
the level of variation found between physicians and between clinics. Further, we found several
patient and clinic-level factors associated with the degree of adherence to the recommended care,
signalling certain populations may be at higher risk of falling through gaps in health care. We

found that some of the results were consistent with findings from other studies. Patients with
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diabetes or higher healthcare resource use were generally more likely to receive recommended

care, which could be due to heightened perceived risk, and more frequent clinic visits.

We found that patients with CHF had lower odds of having their BMI recorded when adjusted
for all other sociodemographic factors. This surprising result may, in part, be due to the
prioritization of other medical problems during the patient-physician encounter, since patients
with CHF are generally sicker. Patients with CHF may be visiting specialists in addition to their
primary care physicians, and the specialists may be assuming the responsibility monitoring their
weight. The prioritization of other issues during the clinical encounter with FPs may also explain
the reduced odds of BMI measurement for patients with CKD and stroke. As obesity becomes an
increasing concern in Canada, it will be important to ensure that BMI is monitored in order to
better assess riskz21 and for FPs to encourage and guide patients to maintain a healthy weight,
particularly for populations at higher risk. Each opportunity to measure BMI is an opportunity to
assess risk and offer counselling or support to reduce patient risk. Patients usually see FPs more
frequently than specialists, so it is important that FPs measure and monitor patients’ weight

regardless of if weight is being monitored by specialists.

The highest level of variance was found in performing two-hour oral glucose tolerance tests
when patients received results that indicate prediabetes (FPG 6.1-6.9 mmol/L and/or
haemoglobin Alc 6.0-6.4%). There were high levels of variation in practice at both the clinic and
physician-level with nearly 40% of the variation being attributable to non-patient factors. Our
model only identified the rurality of patient’s residence, obesity, physician’s years in practice and
their roster size to be statistically significantly associated with having the oral glucose tolerance
test performed. With a high median odds ratio of 2.47 at the clinic level and 2.86 at the physician
level, the results imply that other unknown factors remain absent from our model. Potential
factors influencing the infrequent use of the 2-hour oral glucose tolerance test include physician
attitudes towards value of the test, perceived inconvenience of the test (such as reduced
accessibility to the test if it is not offered at all laboratories, scheduling the test and duration of
the test), perceived cost versus benefit of the performing the test over another, or lack of

awareness of the recommendation.

Anti-platelets such as acetylsalicylic acid (ASA) are often purchased over-the counter and may

evade recording in the primary care EMR or be recorded in the free text portions of the EMR less
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amenable to automated analysis. This may partially explain the low rate of 48% of patients
receiving antiplatelets when they have coronary artery disease in the study population. In our
model, we found women had lower odds of receiving antiplatelets than men after controlling for
all other factors. The difference may be in part due to perceived differences in risk versus
benefit, including the effectiveness of anti-platelets for women versus men, and risk of adverse
drug events or bleeding.222-224 However, studies have shown that, despite sex differences,
antiplatelet therapy remains beneficial in reducing strokez22. We found more than double the
odds of antiplatelet use among patients with a history of a stroke (OR: 2.01 [1.75-2.32]) which is

consistent with its use for secondary preventionzzs.
5.6.1 Strengths and limitations

This study was conducted in multiple primary care settings with a large study population. This
study shows that routinely collected patient-level data from EMRs in primary care can be used to
monitor quality and assess its determinants in a systematic way. We found important differences

in processes of care that warrant further attention.

The use of EMRs comes with limitations. Notably, there can be underreporting during the initial
period of implementation and variability resulting from heterogeneity in coding. We attempted to
account for this by including data from FPs who had used EMRs for at least 18 months (the
average duration of time the FPs used the EMR was 6.1 years). However, these issues may
contribute to the disparities found in our study. To further reduce capturing the heterogeneity of
data recording practice, we considered only QIs that were measurable with variables in

structured and semi-structured fields which were consistently used among FPs.

We were unable to study why patients did not receive recommended prescriptions or tests at the
individual level beyond the characteristics which were modelled. For example, we were unable
to determine whether patients declined recommended prescriptions and tests when they were
offered, if they were experiencing side effects, or if they were not being offered in the first place.
We were, however, able to account for scenarios in which medications were prescribed and later
discontinued if they were marked as discontinued in the EMR. We also did not explore the
possibility that FPs treated certain groups less aggressively than others (if the FP perceived these

groups to be at lower risk).
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Our simplified models showed statistically significant variation between groups at the physician
and clinic levels and thus we compared models with physician-level factors for all QIs. We did
not include any cross-level interactions in our model (interaction of factors across the patient-,
physician- or clinic-level). However, the standard errors, confidence intervals and p-values of the
regression coefficients we reported are likely conservative, particularly at the physician or clinic-

levels due to the nature of hierarchical models.

5.7 Conclusion

Our retrospective population-based study found that patient characteristics accounted for the
majority of variability found in aspects of cardiovascular care in primary care settings. However,
our results indicate FP and clinic differences made a significant contribution to the variability in
certain aspects of care, suggesting there may be system-level issues that can be addressed. Future
studies should investigate if the differences found in the odds of receiving recommended care in
certain groups of patients are warranted, so as to ensure accessibility and equitability primary
care. Our findings can be considered in future efforts to ensure that all patients receive the
recommended care to reduce CVD risk and improve adherence to beneficial treatments.
Strategies that target quality improvement in this area should consider multilevel interventions

that include individuals as well as clinics that influence healthcare service delivery.
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5.8 Tables and figures

Table 5-1 Description of modelled C-CHANGE quality indicators

Quality
indicator
1) Body mass
index
recorded

2) Liver
enzyme tests
in patients
with high
BMI

3) 2-hour
plasma
glucose test
(2hPG)

4) Blood
pressure
(BP) target

5) Anti-platelet
medication

Domain

Body
habitus

Diagnosti
c
Strategies

Risk
Factor
Screening

Treatment
targets

Pharmacol
ogic
and/or
Procedura
| Therapy
for CVD
Risk
Reduction
Coronary

Original C-CHANGE
recommendation

Height, weight and waist
circumference should be
measured and body mass
index calculated for all
adults. (Canadian
Association of Bariatric
Physicians and Surgeons,
Obesity Canada)
Additional investigations,
such as liver enzyme tests,
and sleep studies (when
appropriate), to screen for
and exclude other common
overweight/obesity-related
health problems. (Canadian
Association of Bariatric
Physicians and Surgeons,
Obesity Canada)

Testing with 2hPG ina75g
OGTT may be considered
in individuals with FPG
6.1-6.9 mmol/L and/or A1C
6.0%-6.4% in order to
identify individuals with
IGT or diabetes. (Diabetes
Canada)

Persons with diabetes
mellitus should be treated to
attain systolic BP of <130
mm Hg and diastolic BP of
<80 mm Hg (these target
BP levels are the same as
BP treatment thresholds).
(Diabetes Canada)

Antiplatelet therapy: all
patients with ischemic
stroke or transient ischemic
attack should be prescribed
antiplatelet therapy for
secondary prevention of
recurrent stroke unless there
is an indication for
anticoagulation. (Heart and
stroke foundation)

Adapted quality indicator

Patient has their BMI recorded in the
EMR: % of adults with a body mass
index (BMI) recorded [Lookback: All
time] Height, weight and waist
circumference should be measured, and
BMI calculated for all adults.

Patient with a BMI > 25.0kg/mz2 has had a
liver enzyme test in the last 3 years: % of
patients with a BMI > 25.0, with a liver
test [Lookback: 3 years] Additional
investigations, such as liver enzyme tests,
urinalysis and sleep studies (when
appropriate), to screen for and exclude
other common overweight/obesity-related
health problems.

Patient who has not been previously
diagnosed with diabetes who has had a
fasting plasma glucose of 6.1-6.9 mmol/L
and/or HbAlc of 6.0%-6.4%, has
received a 2h plasma glucose oral glucose
tolerance test: % of patients > 18 with
FPG 6.1-6.9 and/or HbAlc 6.0%-6.4%,
and a 2hPG test [Lookback: All time]
Testing with 2hPG ina 75 g OGTT
should be undertaken in individuals with
FPG 6.1-6.9 mmol/L and/or Alc 6.0%-
6.4% in order to identify individuals with
IGT or diabetes.

Patient with diabetes who has a most
recent BP of less than < 130/80 in the last
year: % of patients with diabetes with
most recent BP < 130/80 [Lookback: 1
year] Persons with diabetes mellitus
should be treated to attain systolic blood
pressures of less than 130 mmHg and
diastolic blood pressures of less than 80
mmHg. (These target blood pressure
levels are the same as the blood pressure
treatment thresholds.

Patient with coronary artery disease
(CAD) who has a prescription for an anti-
platelet agent in the last 18 months: % of
patients with CAD and a prescription for
anti-platelet agents [Lookback: 18
months] Patients with documented
coronary artery disease, in the absence of
specific contraindications or documented
intolerance, should be treated with anti-
platelet agents; for patients with a history
of chronic stable angina, remote PCI, or
CABG, ASA (75 mg PO to 162 mg) PO
daily indefinitely
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Inclusion/exclusion
criteria

Include:

All patients meeting
study criteria

Include:
Patients with a BMI
measurement

Exclude:

Patients whose most
recent BMI
measurement is
<25kg/m2

Include:

Patients with a
fasting plasma
glucose of 6.1-6.9
mmol/L and/or
HbA1c of 6.0%-
6.4%

Exclude:
Patients with
diabetes

Include:

Patients with a
blood pressure
reading from within
1 year of date of
data collection

Exclude:
Patients without
diabetes

Exclude:
Patients without
coronary artery
disease



Table 5-2 Characteristics of patients and physicians included in the analysis of factors associated

with meeting five different C-CHANGE quality indicators

Quality indicator+ 1. BMI recorded  |2. Liver enzyme test |3. 2hPG 4. BP <130/80 5. Antiplatelet
Number of patients n % n % n % n % n %
Total number of patients 227,999 100.0 98,687 100.0 23,297 100.0 18,309 100.0 10,327 100
Quality indicator met 153,387 67.3 63,463 48.2 2,218 9.2 6,985 38.2 4,934 47.7
Sex
Female 129,420 56.8 53691 54.4 12,134 52.1 8,660 47.3 3,468 33.6
Male 98,579 43.2 44996 45.6 11,163 47.9 9,649 52.7 6,859 66.4
Age group, years
18t0 34 56989 25.0 15277 155 542 2.3 468 2.6 11 0.1
35t049 63868 28.0 26917 27.3 3345 14.4 2191 12.0 414 4.0
50 to 64 61557 27.0 32559 33.0 9112 39.1 6603 36.1 2807 27.2
65 and over 45585 20.0 23934 24.3 10298 442 9047 49.4 7095 68.7
Residence location
Rural 45,634 20.0 23068 234 5,651 243 4,749 25.9 2,806 27.2
Urban 182,365 80.0 75619 76.6 17,646 75.7 13,560 74.1 7,521 72.8
Income quintile
1st (Lowest) 39,380 17.3 16660 16.9 4,174 17.9 4,064 22.2 2,064 20.0
2nd 40,680 17.8 18001 18.2 4,231 18.2 3,795 20.7 2,007 194
3rd 41,993 18.4 18765 19.0 4,357 18.7 3,379 18.5 1,838 17.8
4th 47,567 20.9 21158 214 4,873 20.9 3,498 19.1 2,004 194
5th (Highest) 58,379 25.6 24103 24.4 5,662 24.3 3,573 19.5 2,414 234
Past Medical history
Atrial fibrillation 5,818 2.6 3184 3.2 1,526 6.6 1,422 7.8 1,469 14.2
Chronic kidney disease 9,382 4.1 5348 5.4 2,337 10.0 2,884 15.8 2,032 19.7
Congestive heart failure 5,954 2.6 3003 3.0 1,377 5.9 1,951 10.7 2,384 23.1
Coronary artery disease 10,327 45 6030 6.1 2,611 11.2 3,194 174 10,327 100.0
Diabetes 21,663 9.5 14967 15.2 na na 18,309 100.0 3,603 34.9
Hypertension 46,507 20.4 28556 28.9 10,172 43.7 11,483 62.7 6,142 59.5
Stroke 5,093 2.2 2554 2.6 1,126 438 1,270 6.9 1,121 10.9
Body mass index
Normal (<25kg/m2) na na na na 3,520 15.1 2,007 11.0 1,387 13.4
Overweight (25-30kg/mz) na na 51948 52.6 6,596 28.3 4,629 253 2,880 27.9
Overweight (>30kg/mz) na na 46739 47.4 7,977 34.2 8,688 475 3,145 305
Missing value na na na na 5,204 22.3 2,985 16.3 2,915 28.2
Resource utilization band *
0 (Lowest utilization) 12,610 5.5 3778 3.8 514 2.2 20 0.1 85 0.8
1 11,542 51 3888 3.9 424 1.8 32 0.2 31 0.3
2 39,912 175 15364 15.6 2,509 10.8 1,414 7.7 333 3.2
3 116,197 51.0 54063 54.8 13,116 56.3 10,239 55.9 4,417 42.8
4 34,590 15.2 15320 155 4,177 17.9 3,689 20.2 2,906 28.1
5 (Highest utilization) 13,148 5.8 6274 6.4 2,557 11.0 2,915 15.9 2,555 24.7
Number of physicians i % i % i % i % i %
Total Number of physicians 324 324 324 324 321
Doctor's sex
Female 182 56.2 182 56.2 182 56.2 182 56.2 179 56.8
Male 142 43.8 142 43.8 142 438 142 43.8 142 44.2
Medical training location
Canada 294 90.7 294 90.7 294 90.7 294 90.7 291 90.7
International 30 9.3 30 9.3 30 9.3 30 9.3 30 9.3
Mean SD Mean SD Mean SD Mean SD Mean SD
Years in practice 20.8 11.3 20.8 11.3 20.8 11.3 20.8 11.3 20.9 11.3
Doctor’s roster size (all ages) 882.3 498.6 882.3 498.6 882.3 498.6 882.3 498.6 888.8 496.5
Number of clinics j=41 j=41 j=41 j=41 j=41

tPlease refer to Table 5-2 for the full description of the quality indicators.

* Resource utilization band (RUB) is the mean resource intensity weight using any diagnosis from a MD or NP encounter, physician claim,

emergency department visit or hospitalization in the past year. Resource Utilization Bands (RUBSs) are part of the Johns Hopkins Adjusted

Clinical Groupe (ACGe) Case Mix System. The RUBs are a simplified ranking system of each person's overall sickness level, taking into account

all the diagnoses attributed to them during medical visits and hospitalizations in the preceding year. RUB 0-Non-user; 1-Healthy User; 2-Low
Morbidity; 3-Moderate Morbidity; 4-High Morbidity; 5-Very High Morbidity.

na, not applicable
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Table 5-3 Measures of components of variance and heterogeneity in the probability of patients meeting C-CHAGE quality indicator
criteria

3. Patient who has had a
fasting plasma glucose of

6.1-6.9 mmol/L and/or 5. Patient with coronary
2. Patient with a BMI > | HbAlc of 6.0%-6.4%, artery disease (CAD)
25.0kg/m2 has had a has received a 2h plasma | 4. Patient with diabetes | who has a prescription
Quality 1. Patient has their BMI | liver enzyme test in the glucose oral glucose who has a most recent for an anti-platelet agent
indicator} recorded in the EMR last 3 years tolerance test BP of less than < 130/80 | in the last 18 months
Model* i i i iv i ii iii iv i i i iii iv i i iv i ii i iv
Proportion of
total variability
(%)
Clinic-level 0.155 016 @ 0.6 | 0.163 | 0.067 0.087 0065 0085 | 0274 0.065 0.068 0066 | 0.07 0276 0.278 0.166 | 0.106 0.104 | 0.097 @ 0.077
Physician-level | 0.155 0.158 0.152  0.156 | 0.147 0.162 0.146 0.162 | 0.19 0082 0084 0079 | 0.08 0188 0.183 0224 | 0.117 0118 0115 0.119
Patient-level 0.69 | 0.683 | 0.688  0.681 | 0.785 | 0.751 | 0.789 @ 0.752 | 0.536 0.853 0.848 0.856 | 0.85 0.536 0.539 0.609 | 0.777 | 0.778  0.788  0.804
Median Odds
Ratio
Clinic-level 227 231 230 233 | 166 1.8 164 179 | 345 161 163 162 | 1.64 346 347 247 | 189 188 184 171

Physician-level 227 23 | 225 229 | 211 223 21 223 | 28 171 172 169 | 17 279 274 286 | 1.96 196 194 194

<0.000 <0.000

p'Value 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Model fit 2518 | 2405 2518 @ 2405 | 1203 # 1011 1203 1011 | 1115 2398 2339 2398 | 2339 1111 1114 1114 | 1365 1322 1365 1322
AICC 547 171 549 213 | 654 549 623  59.8 6.6 7.2 6 4.7 2.1 6.4 7.3 25 6.3 2.3 0.3 4.8
251,
-2 Log 848. 2404 2518 2404 | 1203 1011 1203 1011 | 11,1 2398 2334 2397 | 2333 1106 1113 1108 | 13,6 1317 1363 1316
Likelihood 7 69.1 409 653 | 594 069 483 037 | 506 1.2 3.9 0.7 2 4.3 3.3 24 | 503 0.2 6.3 4.6
n 227999 98 687 23297 18 309 10 327
Quality indicator
met % 67.3 64.3 9.5 38.2 47.8

+Please refer to Table 1 for the full description of the quality indicators.

*i: Naive model; ii: Patient attributes; iii: Physician attributes; iv: Patient and physician attributes

AICC - Corrected Akaike information criterion

79



Odds ratio (95%Cl)  P-value
Patient attribute fixed parameters
Female (reference male) 1.76 (1.72-1.80) <,0001 | L]
Age (years) 18 to 34 Reference o)
35 to 44 1.57 (1.53-1.61) <.0001 .
451064 2.26(2.20-2.33) <.0001 -
65 to 84 1.99 {1.92-2.06) <.0001 -
Rural (reference urban) 1.06 (1.02-1.10) 0.0065 p
Income quintile: 1st Reference o)
2nd 1.09 (1.05-1.12) <.0001 [}
3rd 1.13(1.10-1.17) <.0001 ®
4th 1.18(1.14-1.22) <.0001 [
5th (Highest quintile) 1.22(1.18-1.26) <.0001 °
Previous medical history: atrial fibrillation  1.04 (0.97-1.11) 0.3206 »
Chronic kidney disease 0.82 (0.77-0.86) <,0001 .
Congestive heart failure 0.60 (0.56-0.64) <,0001
Coronary artery disease 0.99 (0.94-1.05) 0.8125 L ]
Diabetes 1.98 (1.90-2.06) <.0001 -
Hypertension 1.11(1.08-1.14) <.0001 bl
Stroke 0.74 (0.69-0.79) <.0001 .
Body mass index: Normal (£25kg/m?) - -
Overweight (25-30kg/m?) - -
Obese (>30kg/m?) - -
Missing - -
Resource utilization band: 0 0.47 (0.45-0.49) <,0001
1 0.74 (0.71-0.77) <.0001 ®
2 0.83 (0.81-0.86) <.0001 ®
3 Reference . Q
4 0.96 (0.93-0.98) 0.0026 q
5 (Highest utilization) 0.81(0.77-0.85) <.0001 .
Family physician attribute fixed parameters
Doctor is female 1.09 {0.90-1.32) 0.3908 ——
Years in practice (Per 5 years past 10) 1.00 (0.96-1.04) 0.9176 [
International medical graduate 1.19 (0.88-1.61) 0.2692 D —
Roster size: per 200 patients above 800 0.97 (0.93-1.03) 0.3337 .
Median odds ratios
Clinic-level median odds ratio 2.33 <.0001 L
Physician-level median odds ratio 2.29 <.0001 ®
T
1.0 2.0
Odds ratio

Figure 5-1 Fixed effects of patient and physician attributes on the odds ratios of having the

patient's body mass index recorded (67.3%) and the variability attributing to odds at the patient,

physician and clinic levels (n = 227,999)
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0Odds ratio (95%Cl)  P-value
Patient attribute fixed parameters
Female (reference male) 0.95 (0.92-0.98) 0.004 #
Age (years) 18 to 34 Reference e}
35to 44 1.94 (1.86-2.04) <.0001 -
45 to 64 3.06 (2.92-3.21) <.0001 -
65 to 84 3.91 (3.69-4.15) <.0001 -
Rural (reference urban) 0.95 (0.90-1.00) 0.0683 9
Income quintile: 1st Reference q')
2nd 0.94 (0.89-0.99) 0.0216 q
3rd 0.92 (0.87-0.97) 0.0016 o
4th 0.88 (0.84-0.93) <.0001 @
5th (Highest quintile) 0.89 (0.84-0.93) <.0001 [
Previous medical history: atrial fibrillation 1.23 (1.09-1.39) 0.0008 -
Chronic kidney disease 1.70 (1.53-1.88) <.0001 -
Congestive heart failure 1.20 (1.04-1.39) 0.0107 .-
Coronary artery disease 1.72 (1.56-1.89) <.0001 -
Diabetes 4.47 (4.19-4.76) <.0001
Hypertension 1.62 (1.56-1.69) <.0001 ]
Stroke 1.20 (1.06-1.36) 0.0048 .-
Body mass index: Normal (<25kg/m?) - -
Overweight (25-30kg/m?) - -
QObese (>30kg/m?) - -
Missing - -
Resource utilization band: 0 0.27 (0.25-0.29) <0001 | e
1 0.37 (0.34-0.40) <0001 | e
2 0.52 (0.50-0.55) <.0001 ]
3 Reference . o]
4 1.50 (1.43-1.57) <.0001 *
5 (Highest utilization) 2.05 (1.88-2.24) <.0001 -
Family physician attribute fixed parameters
Doctor is female 1.12 (0.93-1.33) 0.2318 -
Years in practice (Per 5 years past 10) 1.03 (0.99-1.07) 0.2231 +
International medical graduate 1.10 (0.83-1.46) 0.517 ——
Roster size: per 200 patients above 800 1.01 (0.96-1.05) 0.802 [ ]
Median odds ratios
Clinic-level median odds ratio 1.79 <.0001 )
Physician-level median odds ratio 2.23 <.0001 e
T

Figure 5-2 Fixed effects of patient and physician attributes on the odds ratios of a patient with a

body mass index higher than 25 getting a liver enzyme test (64.3%) and the variability attributing

to odds at the patient, physician and clinic levels (n = 98,687)
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Odds ratio (95%Cl) P-value

Patient attribute fixed parameters

Female (reference male) 0.90 (0.81-1.00) 0.0531 "'I
Age (years) 18 to 34 Reference Q
35to 44 0.98 (0.71-1.36) 0.9 —r—
45 to 64 0.99 (0.72-1.35) 0.9266 ——
65 to 84 0.89 (0.64-1.23) 0.4891 —
Rural (reference urban) 0.80 (0.64-0.99) 0.0427 -
Income gquintile: 1st Reference Q
2nd 1.03 (0.87-1.22) 0.724 -
3rd 0.90 (0.76-1.07) 0.2451 o
4th 1.02 (0.86-1.20) 0.8541 -
5th (Highest quintile) 1.07 (0.91-1.25) 0.4326 -
Previous medical history: atrial fibrillation 0.94 (0.75-1.19) 0.6261 e
Chronic kidney disease 0.95 (0.80-1.14) 0.5945 -
Congestive heart failure 0.85 (0.66-1.10) 0.2288 —.r
Coronary artery disease 1.01 (0.85-1.21) 0.8717 o
Diabetes Not applicable -
Hypertension 1.00 (0.90-1.12) 0.9578 -
Stroke 0.78 (0.60-1.02) 0.0717 —a—t
Body mass index: Normal (£25kg/m?) Reference o}
Overweight {25-30kg/m?) 1.08 (0.92-1.27) 0.3256 ——
Obese (>30kg/m?) 1.28 (1.10-1.50) 0.0018 ——
Missing 0.68 (0.57-0.82) <.0001 -
Resource utilization band: 0 1.00 (0.70-1.42) 0.9999
1 1.05 (0.72-1.52) 0.7959 ——
2 0.90 (0.76-1.06) 0.2124 -t
3 Reference - Q
4 1.07 (0.93-1.23) 0.3247 do—
5 (Highest utilization) 0.90 (0.75-1.08) 0.2461 -
Family physician attribute fixed parameters
Doctor is female 1.06 (0.73-1.52) 0.7637 —_——
Years in practice (Per 5 years past 10) 0.88 (0.81-0.95) 0.0016 -
International medical graduate 0.62 (0.36-1.09) 0.0992 ——
Roster size: per 200 patients above 800 0.86 (0.78-0.96) 0.0043 -
Median odds ratios
Clinic-level median odds ratio 2.47 <.0001 *
Physician-level median odds ratio 2.86 <.0001 | ®

0.0 1.0 2.0 3.0
Odds ratio

Figure 5-3 Fixed effects of patient and physician attributes on the odds ratios of a non-diabetic
patient receiving a 2-hour plasma glucose oral glucose tolerance test after other tests indicating
pre-diabetes (9.5%) and the variability attributing to odds at the patient, physician and clinic
levels (n = 23,297)
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0Odds ratio (95%Cl) P-value
Patient attribute fixed parameters
Female (reference male) 1.09 (1.02-1.16) 0.0095 P
Age (years) 18 to 34 Reference Q

35 to 44 0.63 (0.51-0.78) <0001 -

45 to 64 0.72 (0.55-0.88) 0.0012 -

65 to 84 0.77 (0.63-0.95) 0.0126 -0
Rural (reference urban) 1.04 (0.93-1.17) 0.459 »
Income quintile: 1st Reference Q

2nd 0.99 (0.50-1.09) 0.898 *

3rd 1.03 (0.53-1.14) 0.5738 +

4th 0.97 (0.88-1.07) 0.5625 *

Sth (Highest quintile) 0.95 (0.86-1.05) 0.3594 -
Previous medical history: atrial fibrillation 1.23 (1.05-1.39) 0.001 -

Chronic kidney disease 1.09 (0.55-1.19) 0.0783 [l

Congestive heart failure 1.24 (1.11-1.39) 0.0001 -

Coronary artery disease 1.28 (1.17-1.39) <0001 -

Diabetes

Hypertension 0.56 (0.52-0.60) <,0001 *

Stroke 1.00 (0.88-1.13) 0.9957 >
Body mass index: Normal (25kg/m?) Reference . Q

Overweight {25-30kg/m?) 0.85 (0.76-0.94) 0.0028 *

Obese (>30kg/m?) 0.60 (0.54-0.66) <.0001 .

Missing 0.65 (0.57-0.73) <.0001 .
Resource utilization band: 0 1.96 (0.75-4.83) 0.1461 -

1 0.98 (0.46-2.10) 0.9557 . S——

2 0.89 (0.75-1.01) 0.0651 -

3 Reference . Q

4 1.15(1.06-1.25) 0.0007 -

5 (Highest utilization) 1.13 (1.03-1.24) 0.0113 -
Family physician attribute fixed parameters
Doctor is female 1.05 (0.54-1.18) 0.3682 T
Years in practice (Per 5 years past 10) 0.987 (0.96-1.01) 0.305 b
International medical graduate 1.22 (1.03-1.45) 0.0189 -
Roster size: per 200 patients above 800 0.98 (0.55-1.01) 0.1535 i
Median odds ratios

Clinic-level median odds ratio 1.64 <,0001 .

Physician-level median odds ratio 1.70 <.0001 .

00 10 20 3.0
Odds ratio

40 5.0

Figure 5-4 Fixed effects of patient and physician attributes on the odds ratios of a patient with

diabetes having a most recent blood pressure of less than 130/80 (38.2%) and the variability

attributing to odds at the patient, physician and clinic levels (n = 18,309)
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0Odds ratio (95%Cl) P-value
Patient attribute fixed parameters
Female (reference male) 0.77 (0.70-0.85) <.0001 '-(L
Age (years) 18 to 34 Reference
35to 44 0.69 (0.19-2.49) 0.566 ®
45 to 64 0.73 (0.20-2.60) 0.6222 ®
65to 84 0.63 (0.17-2.25) 0.473
Rural (reference urban) 1.09 (0.94-1.27) 0.2424 +—
Income quintile: 1st Reference i
2nd 0.95 (0.83-1.09) 0.4558
3rd 0.96 (0.83-1.10) 0.5406 -
4th 0.88 (0.77-1.01) 0.0765 i
5th (Highest quintile) 0.91 (0.80-1.04) 0.1841 -o
Previous medical history: atrial fibrillation  0.49 (0.43-0.56) <.0001
Chronic kidney disease 1.14 (1.01-1.27) 0.0281 Il
Congestive heart failure 1.16 (1.04-1.29) 0.0083 -
Coronary artery disease
Diabetes 1.28 (1.17-1.41) <.0001 ---
Hypertension 1.26 (1.15-1.37) <.0001 -~
Stroke 1.93 (1.68-2.22) <.0001 —_—
Body mass index: Normal (<25kg/m?) Reference .
Overweight (25-30kg/m?) 1.02 (0.89-1.17) 0.798
Obese (>30kg/m?) 1.02 (0.89-1.17) 0.7818
Missing 0.89 (0.77-1.03) 0.1272
Resource utilization band: 0 0.20(0.11-0.38) <.0001
1 0.58 (0.27-1.29) 0.1827
2 0.70 (0.54-0.89) 0.0044 -
3 Reference .
4 1.25(1.13-1.39) <.0001 ---
5 {Highest utilization) 1.47 (1.32-1.64) <0001 -
Family physician attribute fixed parameters
Doctor is female 0.99 (0.84-1.17) 0.9149
Years in practice (Per 5 years past 10) 0.97 (0.93-1.00) 0.0601
International medical graduate 0.98 (0.76-1.26) 0.8474
Roster size: per 200 patients above 800 0.95 (0.91-0.98) 0.0064
Median odds ratios
Clinic-level median odds ratio 1.71 <.0001 .
Physician-level median odds ratio 1.94 <.0001 | 'I
1.0 2.0
Odds ratio

3.0

Figure 5-5 Fixed effects of patient and physician attributes on the odds ratios of a patient with

coronary artery disease receiving antiplatelet therapy (47.8%) and the variability attributing to

odds at the patient, physician and clinic levels (n = 10,327)
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Chapter 6

Understanding the challenges and barriers to
implementing quality improvement tools: a qualitative

study

The purpose of this chapter is to answer the question, “what are the barriers to, and facilitators
for, the adoption of EMR-embedded tools designed to increase guideline-adherence in primary
care at the provider and organizational level?”

EMR-based tools can be developed for targeted quality improvement in chronic disease
management. However, without actual uptake and use of the tools, they are ineffective at
changing physician practice. Chapter 6 sought to gain an understanding of EMR tool
implementation challenges in primary care, with the goal of applying the lessons from this
chapter in future EMR tool development and implementation.

The objectives of this chapter are to:

1. Identify the potential barriers and facilitators to adopting EMR tools used for quality
improvement in primary care;

2. Evaluate sociotechnical aspects of a quality improvement tool targeting chronic kidney
disease management that is embedded in the EMRs through qualitative methods;

A modified version of Chapter 6 was submitted to the Ontario Renal Network as an internal
evaluative report on the chronic kidney disease tools discussed.
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6.1 Abstract

Background: We implemented a set of clinical decision support tools embedded in the
electronic medical record (EMR) and performance reports to help improve primary care
management of chronic kidney disease (CKD) as part of a pragmatic randomized controlled trial.
There was limited uptake of the tools despite multiple efforts to engage the physician
participants. The objective of this study was to understand and identify the barriers that family

physicians face in implementing decision support tools to improve chronic disease care.

Methods: We conducted semi-structured interviews and framework analysis based on
normalization process theory to obtain a better understanding of physicians’ experience,
perspectives and opinions surrounding the uptake of quality improvement tools embedded in

primary care EMR for the management of chronic disease, and performance feedback reports.

Results: Twelve study physicians were interviewed for an average of 39 minutes each. One
physician had used the CKD tools, two had seen the tools but did not install or use the tools, and
nine did not recall seeing the tools. Four major thematic barriers to implementation of EMR-
based tools emerged, including misalignment between the tool and physicians’ priorities around
chronic disease management; technological barriers; organizational barriers; and individual

barriers to routine use of the tools.

Interpretation: In order to have uptake of a new quality improvement tool, it is important to
understand the physicians’ competing priorities, and align the tool to be compatible with the
physician’s approach to clinical management (e.g. providing unique person-centred care).
Changing attitudes and beliefs regarding the importance of the detection and management of
some chronic diseases can be a critical barrier. Improved attention to design, planning, provision
of technical support and capacity building may reduce technological barriers. Organizational
barriers including human resources or infrastructure availability to the physicians’ practice must
be considered. Clinical champions on-site to lead their peers in the implementation process is
vital. Limited time was one of the biggest challenges, and tools must be designed to have high
utility and reduce additional workload on the physician. Future research in quality improvement
implementation in primary care should methodically test how to best address the issues identified

in this study in order to achieve successful adoption and implementation.
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6.2 Introduction

Primary care clinics around Ontario are currently providing electronic medical record (EMR)
data to the Electronic Medical Record Administrative data Linked Database (EMRALDe) at the
Institute for Clinical Evaluative Sciences (ICES). Studying this data has identified that primary
care physicians’ management of chronic kidney disease (CKD) has room for improvement.i24 A
pragmatic randomized controlled trial was conducted to assess whether a set of clinical decision
support tools embedded in the EMR and performance reports based on quality indicators could
help improve primary care management of CKD.226 Preliminary results of the trial showed
limited uptake of the CKD decision support and quality improvement tools among the

participating physicians.

The limited uptake is problematic for evaluating the effectiveness of the CKD tools, but provides
an opportunity to better understand the underlying cause of why physicians are resistant to using

new tools that could potentially improve quality of care for their patients.

The objective of this study was to identify the barriers that family physicians face in
implementing decision support tools to improve chronic disease management. Qualitative
methods were used to obtain a better understanding of physicians’ experience, perspectives and
opinions surrounding management of CKD, chronic disease management, the uptake of quality

improvement tools embedded in primary care EMR and performance feedback reports.
6.3 Methods

This evaluative qualitative study was embedded within a larger pragmatic cluster-randomized
trial in which family physician participants received performance feedback reports (System for
Audit and Feedback or SAFIRE) and a toolkit of point-of-care tools that embed in the EMR
(consisting of a flowsheet, a patient handout, and set of reminders). The protocol for the overall
project has been previously reported.226 The study was approved by the Sunnybrook Research
Ethics Board.
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6.3.1 Tools made available for improving quality of chronic kidney disease
management

The set of tools and resources related to CKD management offered to the physicians in the trial

consisted of the following, and are further described in detail in the published protocolzzs:

1. EMR-based clinical decision support flowsheet

2. Patient education handout

3. EMR-based clinical reminders

4. System for Audit and Feedback to Improve caRE (SAFIRE) web-based feedback on

quality indicator performance for CKD

The EMR-based clinical decision support flowsheet (Figure G-1) was a custom form that could
be embedded into PS Suite EMR. This custom form was based on the Ontario Renal Network’s
Kidney Wise clinical algorithm which could generate the appropriate pathway of care based on

the patient’s estimated glomerular filtration rate (eGFR) or albumin to creatinine ratio (ACR).

The patient handout (Figure G-2) was aimed at patients who were newly diagnosed with CKD
and consisted of a personalized report that could be auto-populated and printed based on the
patient’s data in the EMR, such as their latest laboratory test results. This form described the
function of the kidneys, what it means to have CKD, recommendations to lifestyle modifications
(around diet, exercise, and smoking), and recommendations on medical changes they could

discuss with their physician.

The EMR-based clinical reminders (Figure G-4) consisted of rules that could be installed in the
EMR based on CKD quality of care indicators. The reminders would pop up based on the most
recent eGFR or ACR values and the rules could be modified by physicians to account for any

differences in EMR nomenclature related to different diseases and laboratory test results.

SAFIRE (Figure G-4Figure G-7) is a web-based feedback platform available to all physicians
who contribute their data to EMRALDe. It is available online through a secure website which
provides confidential, individualized performance reports to physicians regarding their quality of
care for patients with certain chronic diseases (e.g. hypertension, diabetes, and ischemic heart
disease). The reports were based on audit-and-feedback reports based on CKD quality of care
indicators (Appendix H) from two perspectives: ‘At-target’ graphs (Figure G-4) showing how
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many of the physician’s patients are meeting guideline-based targets, and ‘high risk’ graphs
(Figure G-5Figure G-4) showing how many of the physician’s patients were well beyond targets
and at highest risk for adverse events and should be prioritized for addressing. SAFIRE reports
on CKD care included physician’s performance in comparison with the top 10% of other
EMRALD physicians; their performance in comparison with the top 10% of colleagues within
their own practice site (for physicians that practice in a group of 3 or more); their clinic
performance compared with other participating EMRALDe clinics (Figure G-6); and changes in
their performance over time. Physicians were also able to download a list of their patients and
import it into their EMR system to see the details of the individual patients’ charts within the
EMR (Figure G-7). Physicians in the trial’s intervention group were notified by email when their

reports were available to be viewed.

6.3.2 Recruitment strategy

Purposeful sampling was used to capture diverse viewpoints and representation from
participating physicians. Both physicians who have used the CKD tools and have never seen or
used the tools were eligible for the study. We recruited participants by inviting family
physicians to participate in the study via personalized email, offering an honorarium of $50 in
the form of a gift card. Physicians were interviewed until data saturation was reached (initially
estimated to be between 10 and 15 physicians). To recruit an adequate number of participants,
reminder and follow-up emails were sent out to nonresponding physician, and interviews were

set up to be at a date and time of their choice.

6.3.3 Interview

Semi-structured, individual interviews were conducted by a single interviewer and reviewed by a
note-taker to ensure a consistency in data collection and flow of questions. Interviews occurred
over a period of 40 days after the trial end. The interview was guided by a set of probing
questions informed by clinical and research experience of the research team and on concepts
from Normalization Process Theory (NPT), a socio-behavioural theory on the adoption and
routine use of new innovationsre. The probing questions sought to draw out physicians’
perception of decision support tools in the EMR, their understanding of the tool (coherence),
their routine EMR use, availability of support for quality improvement initiatives or EMR tools
in their clinic, feedback on the tools and other factors that may pose a barrier to installing and

using the CKD tools. If the physicians did not use the CKD tools, we asked them about their
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experience with using other quality improvement tools embedded in the EMR. An interview

guide is available in Appendix F.

Each interview was audio-recorded with the participants’ consent and lasted about 30 minutes
over web-conferencing software. The recordings of the interviews were used for transcription
and reference for data analysis. We collected information on clinical characteristics to gain a
better understanding of the physician’s practice (i.e. number of years in family medicine, number
of years at their current practice, number of years using the EMR, size of their clinic, size of their
patient roster, information about the make-up of their clinic staff including other clinicians,
support staff and IT services they received). We showed a demonstration of the CKD tools being
studied and sent screenshots ahead of time to aid in the interview process and to draw out their
thoughts on hypothetical adoption of those tools in their practice if they had not installed or used

the tools.

6.3.4 Analysis

All interviews were transcribed and imported into NVivo software. The interviewer and note-
taker coded the transcripts independently using the framework approachz27 directed by concepts
from NPT (coherence, cognitive participation, collective action, and reflexive monitoring), with
the addition of any themes arising from an inductive approachzzs if they did not fit the NPT
framework. The coders read the transcript and coded quotes that appeared to represent new or
existing themes, with the goal of identifying and understanding the issues that were present in the
uptake of the tool. The coding of the first three interviews were compared between the first and
second coders to ensure coding consistency and quality. Any discrepancies in coding were
discussed with a third reviewer to gain agreement and all differences were resolved. The codes
were further categorized into an index of themes and concepts, ideas or experiences related to
CKD management or EMR use. These themes were organized into relational hierarchies and
discussed with the research team to gain agreement on key initial findings. The results were

reviewed iteratively by the whole research team and organized into major themes.
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6.4 Results

6.4.1 Participant characteristics

Twelve physicians in the intervention arm of the RCT were interviewed for this study before
reaching data saturation (until no new codes were found in the interview). Three additional
physicians who initially agreed to the interview later dropped out of the study citing ‘lack of
time’. The interviews lasted on average for 39 minutes, ranging from 28 minutes to 55 minutes.
The participants varied with respect to sex, years of experience, size of practice, rurality and
years using the EMR. The interviewed physicians had been practicing family medicine on
average for 22 years (range of 6 to 45 years). The interviewed participants’ characteristics are
presented in Table 1. One out of the twelve physician had previously installed and used the tools
on a regular basis. Two physicians had seen the invitation to use the tools but never installed
them. The remaining nine did not recall seeing the CKD tools before. Five of the physicians
interviewed described routinely using other advanced functions on their EMR and could be
classified as advanced or super-users. Two physicians described their limited use of their EMR

and the remaining five physicians showed average usage of advanced EMR functions.

6.4.2 Findings

Analysis of the coded interviews generated four major themes related to the challenges and
barriers of implementing CKD tools:

) alignment between physicians’ priorities around CKD management;

i) technological barriers;

iii) organizational barriers;

iv) individual barriers to the routine use of CKD tools
While NPT concepts were initially used to guide the interview questions and frame the research,
we found that a majority of the participants did not implement the CKD tools prior to the
interviews, nor did they embed the tools in their routine work. As such, we were unable to fully

utilize NPTv9 to analyze the barriers to the embedding and routine use of CKD tools. We made

our interview questions less restrictive to gather physicians’ experiences with other quality
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improvement tools which were embedded in their EMRs, and not solely their experience with the

CKD tools from the above-mentioned trial.

As posited by May and Finchze, we were able to use NPT to validate from our participants the
assertion that embedding new practices (in this case, the tools provided to physicians) is
dependent on socially patterned implementation work and actors investing in the new practice
(e.g. a clinical champion acts as a proponent of a new practice and energizes the adoption and
implementation of quality improvement tools). We used thematic analysis to code our data as it

did not adequately fit the breadth of NPT concepts and mechanisms.

Table 2 provides a summary of findings mapped to the four themes surrounding. Each theme is

described in detail below.

6.4.2.1 Theme 1: Perceived alignment of priorities and CKD management.

The first theme that emerged as a barrier to uptake of the tools was misalignment between the
physician’s desired CKD management practices and perception of the tool’s purpose, objective

and utility.

Primary care physicians must juggle many challenging and competing priorities, especially when
it comes to managing patients with multiple morbidities. Physicians expressed that they find it
important to provide comprehensive care that meets individual patient needs in primary care, and
showed a degree of reluctance and skepticism to following disease-specific guidelines that
approach the management of CKD from a disease-specific perspective or with a ‘specialist's
lens’. Physicians also perceived CKD management to be less actionable (i.e. reaching a treatment
target, improving the condition) and felt the management relied more on patient education and
preventive measures that are not fully in their control, especially when compounded by

comorbidities and changing guidelines.

Without placing high priority on CKD-specific management and a good compatibility between
the tools and their desired CKD management, physicians were not likely to have interest in
installing and using the CKD tools. Physicians who used the tools or were interested in using it
made CKD a specific priority in their practice. This was contrasted by the majority of physicians
who were not as interested in the tools and saw CKD as only a small fraction of their practice

that was intertwined with higher priority conditions like diabetes and hypertension.

92



It was clear that physicians must agree with the tool’s purpose, objective, and utility before
deciding to use it. If the tool does not fit well with the physician’s preference or workflow, or is
perceived to be a hindrance on their clinical jJudgement and autonomy, the tool is unlikely to be
adopted. Quotations from the interviewed participants regarding their perceived alignment of

priorities and attitudes toward CKD management are presented in Box 1.

Box 1 Quotations regarding physicians’ perceived alignment of their priorities and CKD

management

o  “Well, the use of an isolated tool like this tool would be great if all they had was
reduced eGFR. For that one patient, where everything else is normal but their eGFR is
reduced, this is helpful. But where it’s multifactorial...this would be one issue out of
say, four, because they’re diabetic, hypertensive, they smoke, they have COPD, by the
way they’re depressed, this then becomes less helpful because you’re focusing on one
issue and it is a piece of their puzzle.”

e “There is no question that this is one of the areas that we don’t treat as aggressively as
we should. Probably because there is lower awareness...”

e “To be honest, I don’t think physicians are cued into the fact of how serious it is.”

e “And because it’s one of those things that sometimes the data just kind of gets lost.
Unlike diabetes where everyone knows what the diagnosing criteria are, CKD is more of
an ongoing issue that is getting worse where you don’t hit this magic number and now
you have this, and you should do that.”

e “These algorithms, go from this box to this box, ‘do this, this, this, this, and then you’re
done’? Um, it’s not really the way that I kind of see what we’re supposed to be doing.
Again, like my comment before about the guideline oriented education, that kind of
approach to medicine has never really made that much — at the end of the day, I think in
ten years, everyone is going to say ‘oh yeah, isn’t that funny what we did back then, and

%9

look what we do now’.

6.4.2.2 Theme 2: Technological Barriers.
Technical challenges and efforts related to EMR use remain real barriers to implementing new
tools. Depending on the individual physician (innovators, early adopters, or laggards),229 they

may be unfamiliar with or resistant to the technical aspects involved in installing, learning, and
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using the tools. This can be further amplified by resource limitations, such technical capability or

availability of staff with the skills necessary to adopt the tools.

Although the majority of physicians were already routinely using EMR custom forms, flow
sheets, reminders and built-in decision support tools, they cited many challenges to using their
EMRs optimally. This included the lack of standard use among their colleagues; unfamiliarity
with advanced features or installation of custom forms or reminders; limited technical capability
among physicians (themselves or their colleagues); and the high level of effort required to use

EMRs for quality improvement initiatives.

There was large variation in how the EMRs were used in the clinics. In fact, physicians and their
teams found many workarounds and creative workflows to suit their needs even if the EMR
functions were not intended to be used in the manner they created. With their existing personal
workflows, they may have found it unnecessary to add on additional tools, or found it more
challenging to adapt to a different way of using the EMR. This is reflective of the overall desire
for good technology that could facilitate and optimize their clinical management despite all the
current issues. Physicians were open to the idea of new technology and new tools so long as they
were aligned with what they envision a useful tool to be, helped them with their work process

and made important information easier to access.

These challenges and barriers can be mitigated or worsened by the tools’ usability. In order to be
adopted, the tools must be easy to use to lower the barrier to access. Physicians preferred tools to
be user friendly, visually uncluttered and as simple to use as possible. Quotations from

participants regarding technological barriers are presented in Box 2.
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Box 2 Quotations regarding technological barriers

e “But the problem with the reminders I find is, every now and then they get broken, for

whatever reason”

e “To me I think the deterrent is the work of doing that, I’m not the techy one — like |
said, because I’'m not the techy one — make it clear, like ‘this is exactly what you need

to do’ for people that may not know how to install things on the computer”

e “It’s the balance between how much work I have to do and how useful it’s going to be”

6.4.2.3 Theme 3: Organizational Barriers.

Limited resources: Limited IT resources were a barrier for many physicians, who frequently
depended on staff members who happened to be the most technologically savvy to deal with any
IT issues that arose. Many did not have a dedicated IT manager or support staff, or shared the IT

resources with several other offices and across thousands of patients.

EMR resource sharing was common in order to lower the high cost of EMR server fees. Sharing
EMR servers means that any tools installed on the EMR would have to be shared across all users
sharing the servers. Cost-sharing this resource limits the EMR space available for the user as
well as the autonomy to use the EMRs as they wish. The addition of different clinics to a server
increases the variability of EMR use, augmenting the challenges associated with maintaining

standard structure in the EMR (within the notes, patient history, reminders, et cetera).

Governance structures for IT or quality improvement initiatives were common in such cases in
order to achieve consensus on EMR management, to minimize variation, and reduce redundancy
in the servers (e.g. redundancy of commonly used EMR forms). This also ensured that there are
structures, protocols, or processes within the clinic in introducing new initiatives, implementing

guidelines, or making changes to the EMR tools within the clinic.
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Box 3 Quotations regarding organizational barriers including limited resources and clinical

leadership.

e “The electronic medical records sits on a server, so we have a locally hosted server, so
not too uncommon, it’s quite cost prohibitive for each physician to have their own
connection to Telus, um, so um yeah, because it’s all on the same server up until now,
um, everything from stamps, custom forms, reminders, toolbars, all of it, has to be clinic-

wide”

e “I have found it challenging for the last few years to get on the same page with the other
physicians for any of us to take the time to make sure, you know, I’d love to go and
delete a bunch of reminders I don’t use, but it requires a meeting with other physicians in
order to decide, are you using that or not using that, and can we just delete that?

Likewise, for stamps and custom forms, uh, it’s... it’s been a challenge”

e “[It’s a] slow process, you know, trying to get everybody first to agree upon ‘this is the
standard of care’ and then, you know, then agreeing upon ‘these are the tools that will

help us implement the standard of care.””

e “Typically, you ask your secretary. It’s not that she enjoys it or it’s a special job, so she’s
better than others, so she has a bit more...again...it’s such a small clinic, and we don’t

have someone assigned to IT.

e “there’s a little bit of umm, politics isn’t the right word, but something like it, um, when
deciding which items to focus on, because there are so many possible issues or decision
support tools or, or, problems to deal with. There’s an individual who is a champion at
our clinic right now so whatever they are pushing at that moment is what’s getting on our

EMR right now.”

6.4.2.4 Theme 4: Individual barriers

Clinical leadership: In order for a new quality improvement initiative or EMR tool to be
brought about, a clinical champion and quality improvement lead was critical for successful

implementation. In places where a structure existed, a clinical lead must bring up the tools, seek
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consensus from the members of the team that share the EMR, and agree on the utility of the tool
across the clinic before it can be installed clinic-wide. In clinics and teams where EMR resources
are shared, this is a lengthy, but necessary process that also requires strong leadership,
communication and organization. Getting early clinical championing can be instrumental in a
successful implementation. Physicians mentioned that the number of new initiatives that can be
introduced at any given time is limited due to finite resources and time available, but regular
meetings are in place to discuss any issues arising. There must be a champion on the team who is

invested in the project and pushes for its implementation and adoption.

Quotations from participants around organizational barriers including limited resources and

clinical leadership are presented in Box 3.

Many of the participants did not recall ever seeing the tools or emails sent out to install the tools
When prompted to consider why they never installed the tools despite seeing the notification or
emails, the most frequent response was due to limited time. Physicians also lost interest due to
experiencing initial barriers, such as trouble remembering the sign in details and password. Due
to competing priorities, limited time, work and having too many things to attend to,
communication through emails may fall to the wayside. Many physicians expressed having an
overload of tools to use, felt overextended and overstretched from everything they have to do as

family physicians.

Routinely used tools like those used for diabetes management or well-child visits were more
likely to be used due to financial incentives and perceived high utility. Incentivizing physicians

and changing norms over time can be ways to increase adoption of new innovations.

Clinics that had allied health support or used a team-based approach to quality improvement
initiatives had the ability to delegate the job of reviewing quality improvement review such as
reminders check of SAFIRE results to their physician assistant or nurse if available. Some
physicians saw this delegation as a solution to the limited time available to family physicians and
felt that they were not able to take on some of the suggested quality improvement initiatives.

Quotations from participants regarding individual barriers are presented in Box 4.

97



Box 4 Quotations regarding individual barriers to uptake CKD tools

e “Like everything in primary care right now, you’re over, over-extended and over-taxed

and you do your best with the time and the resources that you have.”
e “Idon’t have time and if I don’t have time to deal with it, it gets lost”

e “Imean, as a family doctor, you get an incentive. You get a bonus to have all your
diabetes patients seen at regular intervals. So | think diabetes is managed probably a lot
better than chronic kidney disease just for that reason. You get bonuses for your patients
being cared for regularly, so everyone is very on top of diabetes. We make sure that all
our diabetes patients are accounted for, and we make sure that they all come regularly.
So I think that it’s done very well for diabetes, and probably not for chronic kidney

disease.”

6.4.2.5 Feedback on the CKD tools

In addition to the themes that emerged, we were also obtained direct feedback about the CKD
tools themselves. There were both enthusiastic and negative responses to the tools that were
demonstrated during the interview. Two physicians already used a paper copy of the CKD
flowsheet on a regular basis at their clinic and were enthusiastic about the CKD tool. Six of the
twelve interviewed participants felt that the at least one of the tools could be useful and requested

access to the tools to install or use at their clinic.

Flowsheet (Figure G-1): For the CKD algorithm flowsheet, positive feedback included finding it
helpful to teach residents, and as a reference for managing trickier, more moderate stages of
CKD. Physicians would feel less reluctant to use the tool if it was visually less cluttered and

simplified, easier to read and if it could integrate well with the whole clinical encounter.

Patient handout (Figure G-2): The majority of the physicians found the patient handout useful
for providing to patients as an educational resource. Physicians who already had similar
resources to provide or preferred a more comprehensive approach to patient educational (e.g. not

specific to CKD) were more reluctant to use the tool.
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Reminders (Figure G-4): Physicians saw high utility in looking for patients that may have fallen
through the cracks and have not had a repeat test that they should have gotten. Many physicians
cited reminder fatigue as a concern and the importance of ensuring that reminders are valid,

useful and up to date.

SAFIRE (System for Audit and Feedback) (Figure G-4Figure G-7): The majority of
physicians interviewed (except two) found SAFIRE to contain useful information, particularly
for research, comparing their performance and as a source of motivation to improve. The most
frequently stated drawback was requiring a login (as opposed to having the results sent to them
and automatically embedded into their EMR), frequency of the password changes required to

access their data, and visual overload of information.

6.5 Discussion

Our qualitative study findings identified four major thematic barriers to adoption of quality
improvement tools for chronic disease management (Table 6-2). This included physicians’
priorities and attitudes toward chronic disease management; technological barriers;
organizational challenges such as limited resources and clinical championship to push for quality
improvement; and limited time for individual physicians who feel overburdened by many

responsibilities and other priorities that compete for their attention.

These identified barriers were in line with previously identified barriers to the adoption and
implementation of e-health technologies as summarized in a scoping review by de Grood et al.230
and systematic review of barriers and facilitators to clinical decision support systems adoption by
Devaraj et al.231 De Grood reviewed 74 articles and identified seven barriers to e-health
technology adoption and implementation, namely: design and technical concerns, privacy and
security concerns, cost and liability issues, productivity, patient and physician interaction, lack of
time and workload, and lastly, threatened clinical autonomy.230 The facilitators identified were
pre-analysis of data, proof of utility, training and support, and ownership and size of practice.230
Devaraj et al. 231 examined twenty-six publications and used the Unified Theory of Acceptance
and Use of Technology (UTAUT) model to classify their findings under the four dimensions of
performance expectancy, effort expectancy, social influence and facilitating conditions.
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Similar to articles reviewed by de Grood,230,232-247 we found usability issues created design and
technical concerns were a barrier to uptake of our tools. We found limited concerns surrounding
privacy and security for our tools, with the exception that the password reset requirements on the
Audit and Feedback system put in place for patient privacy and security reasons were a
hindrance to system usability and accessibility. This barrier concerning privacy and security may
have been reduced due to the users’ confidence in the measures taken to protect confidentiality,
research ethics and patient privacy policy at the organization conducting the research, or due to
the fact that all users have already adopted EMRs at their clinic and look at e-health technology
more favourably than non-users of EMRs. Cost and liability issues were not significant issues for
our participants except that opportunity costs and competing costs were considered for other
disease conditions that had higher financial incentives for improved management (i.e. financial
incentives for diabetes care). Similar to findings identified in the literature2as,23s 248-260 by de
Grood et al.230 and Devaraj et al.,231 our participants had concerns about lack of time and
workload and the impact of time lost on their productivity. Some participants were also
concerned about threatened clinical autonomy and their agreement with the intention of the tool
versus their clinical judgement which was also observed elsewhere.233,261 We found that
scientific evidence and proof of utility which were identified as facilitators in previous
studies240,241,247,257,259,262,263 Were also important to our participants as were training and support
for adoption of the technology, preferably on-site. Similar to findings summarized by Devaraj et
al,231 we found parallels between the dimensions identified in the UTAUT model and NPT
model, surrounding concerns around lack of time or time constraints, lack of knowledge of
system or content, lack of agreement with the system and physician attitude toward the system.
Our findings had degree of barriers around lack of awareness and existence of the tools in

question.

We received both positive and negative feedback about the CKD-specific tools but in many cases
verified the usefulness of the tools in the right context if they had been implemented and
adopted. It is critical to understand the organizational processes that are in place at each clinic to
adopt quality improvement initiatives, especially if it requires integration into the EMR and
approval from a governance structure. There must be buy-in and adoption from a clinician who

believes in the evidence and importance of the quality improvement, and is willing to
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communicate them to his or her colleagues in order to get agreement to use the tools (a clinical

champion).

Further, it is important to understand the sociotechnical environment of the organization of
interest, including any technical or resource limitations. Not every clinic setting will have the
resources in place to know how some to install or use the tools. They may require more invested
technical support in order to lower the barriers to installation and use; and an offer of a tutorial or
walk-through may be enough to get sustainable uptake. Financial barriers also pose a challenge,
and some practices may be looking to avoid incurring fees for assistance with tool installation,

which may be a hindrance to certain clinics.

While the tools that we developed were not widely adopted by the participants, we were able to
identify challenges and barriers have the potential to be mitigated in future projects. Potential
mitigation strategies for addressing these barriers in future research are presented in Table 6-2. In
order to have uptake of a new quality improvement tool, it is important to understand primary
care physicians’ priorities, including competing priorities, and align the tool in question to be
compatible with the physician’s approach to clinical management (providing unigue person-
centred care). All technological barriers must be reduced as much as possible, through design,
planning, and provision of technical support and capacity building on-site. Organizational
barriers and contexts must be carefully considered before implementation, including human
resources or infrastructure availability to the physicians’ practice. It will be essential to have a
clinical champion on-site to lead their peers in the implementation process. Lastly, limited time
is a big challenge to implementation, thus the tool must be designed to have high utility and aim

to not add to the workload of the physician.

6.5.1 Study Limitations

Our study has a few limitations. First, we interviewed only volunteering physicians who
responded to our emails and were willing to participate in the study. EMRALDe participants
overall are skewed to be more likely to practice in Family Health Teams, which have different
resources, processes, mandates and practice than solo practices. Findings from the participants
may not be representative of all Ontario physicians. We were, however, able to recruit physicians
who are in smaller or rural practices to provided more diverse representation of physician’s

experience with respect to CKD management and EMR use.
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In addition, the interviews were conducted over web-conferencing and telephone, which limited
the interviewer’s ability to read body language and non-verbal cues that would be present in an
in-person interview to guide the direction of the interview. Finally, as the interviews were
conducted with physicians only, we may be missing important information that can be provided
by other clinic support staff, physician assistants, nurse practitioners, or administrative staff that

also interact with the use and implementation of decision support/quality improvement tools.

6.6 Conclusion

Family physicians participating in our larger cluster-randomized trial did not adopt the quality
improvement tools for CKD management despite multiple efforts to engage them to use the
tools. Changing attitudes and beliefs regarding the importance of the detection and management
of chronic diseases like CKD is an important barrier that needs to be overcome. Even if family
physicians are motivated to use quality improvement tools and have championed other initiatives
in the past, the barriers identified in this study must be lowered in order to achieve successful
implementation. Future research in quality improvement implementation in primary care should
methodically test how to best address the issues identified in this study in order to achieve

successful adoption and implementation.
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6.7 Tables

Table 6-1 Characteristics of interviewed physicians (n=12)

Interview
Participant characteristics participants,
N (%)

Physician’s sex

Male 9 (75%)

Female 3 (25%)
Number of years in practice

<10 years 2 (17%)

11-20 years 4 (33%)

22-30 years 3 (25%)

30+ years 3 (25%)
Physician’s roster size

<1000 4 (33%)

1000-1500 6 (50%)

>1500 2 (17%)
Number of physicians in the clinic

1-4 4 (33%)

5-9 3 (25%)

10-25 3 (25%)

25+ 2 (17%)
Clinic’s patient roster size

<5000 5 (42%)

5000-10000 3 (25%)

10000-20000 2 (17%)

>20,000 2 (17%)
Rurality of the clinic location

Rural 2 (17%)

Suburban 3 (25%)

Urban 7 (58%)
Years using EMR

<10 years 3 (25%)

10-14 years 7 (58%)

15+ years 2 (17%)
Has dedicated IT support? (Excluding contracted IT support)

Yes: 6 6 (50%)

No: 6 6 (50%)
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Table 6-2 ldentified barriers and potential mitigation strategies for implementing quality

improvement tools for chronic disease management in primary care

Barriers

1. Perceived alignment of
priorities around chronic

disease management

2. Technological barriers

3. Organizational barriers

4. Individual barriers

Potential mitigation strategy to be considered in future

research

Assess and align with primary care physician priorities,
incorporate holistic measures and approach to chronic disease

management and quality improvement

Provide support for technical aspects required to adopt the
quality improvement tool and plan for capacity-building.
Limit barriers to use by improving usability and access to the

tools

Understand organizational structure at the primary site and
gain buy-in from clinical champions early on in

implementation

Design and develop tools with the final user in mind,

optimize utility and ease of use for the user.
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Chapter 7

Discussion

The purpose of this chapter is to:
1. Summarize the five original studies in this thesis
2. Synthesize the findings and discuss the main points of the studies
3. Discuss the strengths and limitations of the studies
4. Discuss the implications for clinical practice, health policy and research

5. Describe future research directions
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7.1 Summary of research

The overarching goal of this thesis was to examine the use of electronic medical records in
primary care settings in Ontario for measuring and improving the quality of chronic disease
management. The preceding chapters demonstrated possibilities in secondary use of primary care
EMR data for health services research. They provided insights on the use of advanced EMR

features to improve the quality of chronic disease management. Specifically, the five studies:

o developed a validated method for identifying patients with COPD, a complex chronic
disease, within EMR data;

o used EMR data to assess whether patients were receiving recommended cardiovascular

care based on measurable recommendations from clinical guidelines;

e used EMR data to assess whether patients with COPD are receiving recommended care

based on existing quality indicators;

o used EMR data linked with administrative data to explore patterns of variation in practice
and to identify patient and physician factors that correlate with the odds of receiving

guideline-adherent care; and

o examined factors that contribute to the successful adoption and uptake of EMR tools for

chronic disease quality improvement by primary care physicians.

The research presented in this thesis demonstrate that routine data collected in EMRs can be
leveraged to provide valuable information applicable to public health surveillance, health
services research and health informatics research. These studies also revealed strengths and
limitations of using EMRs as a data source and platform for health services research to study

quality of care for chronic disease management in primary care.

In answering the original research question, “can EMRs be used to measure and improve quality
of chronic disease management in primary care practices in Ontario?” the following results were

found for each of the four questions:

1. Can EMRs be used to accurately identify patients with chronic diseases such as

chronic obstructive pulmonary disease (COPD)?
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Identifying patients with a specific chronic condition is necessary to study how patients with the
condition are being cared for in the health care system. It is also necessary for targeted quality
improvement initiatives. Chapter 2 detailed how EMR data was used for identifying COPD, a
complex respiratory illness that is a growing concern worldwide. This chapter described a
validation study which used primary care EMR data to develop an algorithm for identifying
patients with physician-diagnosed COPD in a primary care setting. The algorithm was compared
against manual abstraction of the patient charts and showed high performance in accurately
identifying patients with COPD as marked by a high positive predictive value. This study
suggested that EMRs can be a valuable source of data for identifying patients with complex
disorders or chronic diseases that may otherwise be challenging to identify in the general
population. However, as the algorithm was not perfect, there are considerations to take into
account when interpreting the results of any research that use EMR data to create case-

definitions.

2. Can EMR systems measure primary care physicians’ adherence to clinical practice

guidelines for patients with COPD or cardiovascular disease?

Measuring quality indicators helps gain an understanding of current healthcare practices and
evaluates if improvements are taking place. Quality indicators, based on clinical guidelines, are a
way to assess the extent to which recommended care is taking place and act as markers of health
care quality. Chapters 3 and 4 demonstrated that primary care EMR data could be used to
measure primary care physicians’ adherence to some clinical practice guideline
recommendations and to measure performance based on clinical quality indicators. This was
dependent on the type of quality indicator, the required information and if it was routinely
recorded in the EMR. We identified a number of considerations when measuring quality of care
using routinely collected EMR data, including the importance of timeline specification and
considering what clinical details are standardized in data recording practice and measurable in
the EMR. Certain aspects of care may not be well evaluated with EMR data, including
information surrounding patient lifestyle, diet, physical exercise, and others, as further described
within the chapters and in the limitations section below. These studies also uncovered potential

gaps in the care received by patients compared to the recommended care for CVD and COPD.
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Chapter 3 described the development of measurable quality indicators based on existing clinical
guidelines on cardiovascular health. Recommendations from the 2014 Canadian Cardiovascular
Harmonized Guideline Endeavour (C-CHANGE) were developed into quality indicators if they
consisted of clinical information that was recorded in the EMRs. These indicators were measured
within the population in EMRALDe to assess the proportion of patients receiving guideline
adherent care. Twenty-three indicators on cardiovascular risk assessment, screening, diagnostic
testing, treatment targets and pharmacotherapy could be measured out of a total of 74.
Recommendations related to diet and risk stratification were not measured due to limitations on
what EMR data could be assessed. Among the measured quality indicators, we found large
variation in guideline adherence, with relatively high adherence to prescription of

antihypertensive therapies and low adherence in certain diabetes screening tests.

Chapter 4 assessed quality of care received by patients with COPD in primary care settings, in a
cohort of patients identified as having COPD using the algorithm developed in Chapter 2. In this
study, quality measures were based on a set of existing quality indicators previously selected
through a systematic review and a panel of experts using a Delphi method and consistent with
evidence-based practice guidelines.1e4 Eleven of the thirty-three QIs were measured using EMR
data based on availability of the required data within the structured and semi-structured fields of
the EMR database. This chapter describes the limitations found in measuring quality indicators
with EMR data in this context. Six of the indicators were applicable to patients with any degree
of COPD, while five indicators were intended for those with more advanced stages of COPD or
with specific symptoms but assessed for patients with COPD of any severity. These QIs were
assessed in EMRALDe to identify the proportion of patients with COPD receiving the indicated
care, and these rates were then aggregated to individual physicians’ practices t0 assess
proportions of patients with COPD receiving optimal care at the practice level as well as the
unadjusted level of variance in practice rates among physicians’ rosters. In conclusion, we found

that some aspects of COPD care could be measured with EMR routinely collected data.

3. Can EMR data be used to identify provider or patient characteristics that are
associated with the provision or receipt of guideline adherent care in chronic disease

management?
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Chapter 5 sought to identify patient and physician characteristics associated with C-CHANGE
cardiovascular guideline adherence measured in Chapter 3. This Chapter demonstrated that EMR
data can be linked with external datasets, including administrative claims data and census data to
build statistical models that explore patterns of care. This quantitative study assessed patient and
physician characteristics to see if they were associated with the odds of C-CHANGE
recommendation adherence. Five of the twenty-three quality indicators measured in Chapter 3
were selected for analysis based on lowest adherence and greatest inter-quartile ranges within
each of the five measured domains (body habitus, diagnostic testing, risk factor screening,
treatment target and pharmacologic/procedural therapy). Women were more likely than men to
have their BMI measured, and have their blood pressure under control, and less likely than men
to receive antiplatelets for coronary artery disease. We found little difference between patients of
different socioeconomic backgrounds after adjusting for clinical and demographic factors. We
found that larger roster sizes were associated with less odds of providing antiplatelets to patients
who have had stroke and also in testing 2hPG OGTTs. Patients with FPs who were international
medical graduates had higher odds of having their blood pressure on target. Patients with
physicians who had been practicing longer were also slightly less likely to receive 2hPG OGTT.
This study identified substantial unexplained variation in cardiovascular care at the physician-
and clinic-level that bring into question their potential impact on health care equitability and

accessibility.

Ideally, EMRs would be used to support clinicians in a way that changes suboptimal practice and
ensures that all patients receive the ideal care. While EMR tools have the potential to address
identified gaps in quality of care, the uptake of EMR tools can be limited in practice. It is
important to design and implement tools that will be adopted and used by the end-users. In order
to understand the challenges and barriers to the adoption of tools based on EMR data or

embedded in the EMRSs, our final research question was:

4. What are the barriers to, and facilitators for, the adoption of EMR-embedded tools
designed to increase guideline-adherence in primary care at the provider and

organizational level?

In Chapter 6, a qualitative study was conducted by interviewing twelve physicians to understand

the end-user’s perspective of EMR-based quality improvement tools. The tools in this study
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included EMR embedded tools and performance audit and feedback reports based on EMR data
for improving chronic kidney disease management. The factors concerning adoption and use are
not purely technical or clinical, thus this qualitative study used normalization process theory to
inform the study design, interview questions and data interpretation through framework analysis.
We identified four thematic barriers to adopting quality improvement tools embedded in the
EMR and practice performance reports among family physicians. These barriers consisted of
misalignment between the tool and physicians’ priorities around chronic disease management;
technological barriers; organizational barriers; and individual barriers, such as time constraints,
work overload and competing priorities. While EMRSs can be a tool to improve quality of care,
implementation is critical to achieving quality improvement targets. In order to improve
implementation and adoption of quality improvement interventions using EMRs, it is important
to facilitate adoption by designing and implementing EMR tools in a way that aligns with the
physicians’ priorities, secures clinician buy-in or clinical champions on-site, limits additional

workload and optimizes the level of utility of the tool through design and support.

7.2 Synthesis of main findings

These studies contribute to our understanding of how EMRs can be used to assess primary care
practice patterns and improve chronic disease management through EMR-based tools. As
previously described, EMRs are large investments in the healthcare system which is projected to
grow further in cost. Yet, there is limited evidence on the extent to which EMRs can be used to
improve the quality of care received by patients, patient outcomes, or clinical practice. The five
studies presented in this thesis demonstrate how EMRs could benefit chronic disease
management and quality improvement in Ontario’s population. This thesis described possibilities
and constraints for the secondary use of EMR data in research as well as the barriers that must be
overcome for the future implementation of EMR tools for quality improvement in primary care.
The five studies in this thesis contributed to our understanding of secondary use of primary care

EMRs in three main ways:

1. They assessed the quality and availability of data and information in primary care EMRs
to identify presence of chronic disease in patients and measure quality indicators for

chronic disease management.
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2. They assessed the potential for EMR data to be used to measure quality of chronic

disease care.

3. They identified future considerations for improving uptake of EMRs and EMR based
tools to improve quality of care.

Figure 7-1 depicts the various factors that influence the measurability of quality indicators using
primary care EMRs. Organizational factors influence clinical practices among physicians, the
level of technical advancement in EMR use, and how clinicians use their EMRs daily. These
factors, along with the current status of EMR data standards, contribute to the measurability of
quality indicators, and influence the value of quality indicator results. As described in Table 7-1
and the sections below, quality indicators must be composed of measurable numerators and
denominators which consist of data elements that are accurate, complete and comparable in the
EMR. The criteria and case-definition used for the denominator inclusion and exclusion criteria
should also be considered in measuring quality indicators as they will impact the relevancy of the
results. Both numerator and denominator criteria should be time-specific, and indicators should
be relevant to what would be recorded in primary care EMR data. The resulting quality
indicators will not only reflect variations in clinical practice, but also variations in EMR
recording practice. The measurement of quality indicators can also help identify data gaps in

EMRs, future benchmarks, standard rates of care, and quality improvement targets.

7.2.1 Quality and availability of data and information in primary care EMRs

to identify presence of chronic disease and measure quality indicators

This thesis sought to assess if the quality and availability of data in primary care EMRs were
sufficient to identify presence of chronic disease in patients (specifically, COPD) and identify if
patients were receiving recommended care based on clinical guidelines and quality indicators.
When EMR data are collected from multiple sites into a database such as EMRALDe), it can be
used to reliably identify a population cohort of patients with a specific condition that may
otherwise be challenging to identify. The accurate identification of such patients is a critical first
step for making an assessment on the quality of care provided to the patient group and for
planning targeted quality improvement. When compared with manual chart review and
abstraction, EMR data algorithms proved to be highly accurate in identifying patients with
COPD. Furthermore, using EMRs to identify presence of disease benefits from relatively low
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cost compared to surveys, longitudinal data, reduced recall and self-reporting error and being

linked to other clinical information.

It is important to note that algorithms can be and should be adjusted based on their intended use.
Case-definitions and algorithms are imperfect, and errors are unavoidable. While our algorithm
performed well, it still resulted in a small number of false positive and false negatives. Our
discordance analysis found incomplete documentation of diagnosis in the EMR, absence of
COPD-specific medications (reflective of incomplete medication lists when patients are getting
specialist care), or presence of notes indicating the diagnosis is suspected but unconfirmed.
Algorithms should be adjusted for the trade-offs between positive predictive values (PPV) and
sensitivity. In our study, the final algorithm resulted in a sensitivity of 77% and PPV of 94%, and
the case-definition could be altered to increase the sensitivity to 79%, resulting in a lower PPV of
87%. When compared to previous research, our algorithm fared better in its PPV (with previous
published algorithms resulting in PPVs of 80% or less) while maintaining moderate levels of
sensitivity similar to findings from other EMR data research. In contrast, administrative claims
data in Ontario could be used to identify 85% of patients with COPD but had a PPV of 58%.59
An optimal balance between these validation statistics should be based on the purpose of the
algorithm and whether it is more important to maximize the proportion of true positives (by
maximizing PPV) or maximizing the absolute number of true positives by maximizing the

sensitivity (at the cost of reduced PPV and introducing a higher number of false positives).

Even with these considerations, the EMR database demonstrated adequate information quality,
data quality, accessibility, and relevancy for secondary use of EMR data to identify patients with
COPD. EMR data could be used to create a cohort of patients to study at the population level or
at individual clinics where clinicians can identify them for quality improvement initiatives.
Further, accuracy of EMR-based algorithms can improve in the future with advancements EMR
data standards and interoperability for diagnostic tests and other clinical information across the

health care spectrum.

In assessing the feasibility of measuring CVD and COPD quality indicators with EMR data, we
found that there was sufficient data quality in terms of the accuracy, completeness and
availability of the relevant clinical content in the EMR database to assess rates of medication

prescription and standardized laboratory tests (such as blood tests). When the data is stored in
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comparable structured or semi-structured formats, EMR data can readily be used to measure
quality indicators. However, we found that recording practice was variable among physicians.
For example, patients’ previous medical history were not always complete and should be
considered critically when using EMR data for research. This is in line with previous research
that found that physicians are not unanimous in deciding what information goes into the problem
list.264 This limitation highlights the importance of appraising the validity of EMR-based
measurements and research. The use of EMR data for secondary research and surveillance would
be improved with further maturity of EMR adoption so that all relevant clinical information is
recorded in the EMR.

There were aspects of care recorded in the EMR that were not readily amenable to analysis as
they were embedded in free text, physician- or clinic-specific customized forms/tick boxes, in
PDF or picture-like format, or not recorded. Several aspects of care and disease were not well
captured as data components in the EMR and omitted from our studies. These omitted
components were largely due to limitations in data structure, data standards, practice standards
and limited interoperability. They included information on patients’ diet and physical exercise;
hospitalization information; provision of patient education and counselling. Certain diagnostic
tests were not uniformly interpreted and recorded quantitatively. For instance, left ventricular
ejection fraction results from echocardiograms or nuclear imaging were not available. Pulmonary
function test or spirometry results were inconsistently available, and while digitized to some
degree, results were heterogenous in terms of how the results and interpretations were recorded
in the EMRs.

Data standards and recording practice are still developing in primary care. The Primary Health
Care Information program at CIHI has developed a Pan-Canadian Primary Health Care EMR
Content Standard to improve the collection of EMR data elements in a standardized way265-26s.
In respiratory care,269 ongoing initiatives such as the Pan-Canadian REspiratory STandards
INitiative for Electronic Health Records (PRESTINE) may provide solutions to address data
concerns around pulmonary function data elements and definitions in EMRs and improve the

ability to document and discern severity of disease.27,269
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7.2.2 Using EMR to measure quality of chronic disease care

As chronic diseases become more prevalent in our aging population, strengthening primary care
will become increasingly important. The ability to use existing EMR data to generate
information about practice patterns in primary care will be useful for identifying elements of care
that warrant attention, from the perspectives of health system surveillance and clinical practice.
The studies presented in this thesis (Chapters 3 and 4) demonstrate that it is possible to assess
whether patients are receiving some recommended care using primary care EMR data. When the
relevant data components are available in the EMR, quality indicators and adherence to clinical
guidelines for chronic disease management can be measured in the primary care setting. In the
preceding studies, the level of EMR maturity was adequate for assessing multiple aspects of care
related to clinical processes and outcomes, including recommended diagnostic testing, risk factor
screening and management, and prescription patterns. Aspects of care that could be measured
with EMR data using information that was readily obtained through structured data can be
particularly useful if the information is not available elsewhere. For example, we found
prescription patterns of those who are not covered under the public drug insurance program
(covering residents over the age of 65 in Ontario), and thus not present in Ontario administrative
databases. Additionally, we found data on immunization rates that can be challenging to obtain
elsewhere. It is important to note that several important areas of chronic disease management
could not be assessed with EMR data, particularly those surrounding patient lifestyle, diet,

nutrition, physical exercise and other components discussed in the limitation section.

The QIs measured in Chapters 3 and 4 reflect real-world practice and indicate that several areas
in COPD and CVD management could be improved upon. These measurements can be useful for
informing clinicians, researchers and policy makers on suboptimal practice trends identified by
gaps between best-evidence and real-world practice. Such results shed light on practices that do
not have high-uptake, such as 2-hour plasma oral glucose tolerance tests being administered to
patients whose blood tests indicate they are pre-diabetic. The data from EMRs can be further
analyzed to identify the presence of gaps in care in the overall population or presence of
variation between physicians and clinics. Large variations between practices could indicate that
there are potential issues in health care quality such as inequities in access to care, which are

both key attributes of health care quality defined by Health Quality Ontario and across Canada.
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We found evidence of variation in compliance to clinical guidelines and quality indicators. This
indicates that there are gaps in the quality or its evidence in the health care system.ss We found
that a large proportion of the variation found for cardiovascular disease management was due to
non-patient factors (related to the physician, clinic or system level that was not necessarily
accounted for in our statistical model). We were not able to model all individual factors,
physician factors and clinic factors in our models, but other potential sources of variation could
include aspects of the patients’ life that were not modelled such as diet, nutrition and physical
exercise; whether the physician received additional training or material on the recommended
care; if they had different caseloads of patients with specific conditions and thus varied levels of
exposure and experience; if previous quality improvement initiatives had been implemented at
the clinic; or other priorities at the physician or clinic level. The evidence of variation may

suggest that to some degree, health care efficiency and effectiveness are not optimal.sg

7.2.3 Consideration for using EMRs to improve quality of care

The meaningful use of EMRs should ideally lead to improvements in the quality of care received
by patients and to improvements in patient outcomes. EMRs should be used to identify where
there may be deficiencies in the health care system and provide ways to address them if they are
unwarranted. One way to address the gaps in care is through the use of EMR tools to improve
primary care. Customized tools can help support or modify behaviours around a targeted area of
practice. There is a plethora of clinical decision support tools, including reminders, alerts, custom
user interface designs for structuring data, risk calculators and access to additional resources.
These EMR tools are potentially beneficial for quality improvement initiatives that address any
identified gaps between practice and ‘optimal’ practice to the extent that they are used. However,
these tools are only as good as their extent of adoption by the intended users. Our final study
demonstrated that in order to develop and implement EMR tools successfully, it is critical to
consider multiple social, organizational and technological factors that influence a physician’s
decision to adopt and use a tool. Implementation of EMR tools requires alignment between the
tool’s purpose and clinician’s priorities, reduced technological barriers, organizational support,

clinical leadership and consideration for clinicians’ workload.

The growth in EMR use is promising for future research in primary care and future studies can
shed more light on how they can be best used to improve chronic disease management. The
research described in this thesis has demonstrated that, to a certain degree, data collected from
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EMRs allow us to assess the quality of care given in a large population. They can be used to
assess whether patients are receiving recommended care and can be used to identify patients in
need of additional care. When health care gaps are identified, EMRs can also be used to deliver
personalized medicine through advancements in data science and close the gaps so that more
individuals can get the medical attention they need.270,.271 While EMR tools can be developed for
the purpose of improving patient care, these tools require careful sociotechnical consideration in
their design, development and implementation if they are to be adopted by the intended users and

achieve the intended and desired impact.

7.3 Strengths, limitations and mitigations

7.3.1 Limitation to the generalizability of study findings

A key limitation of these studies is that it was conducted on a convenience sample of family
physicians in Ontario using one type of EMR software. There may be inherent differences
between physicians who decide to adopt EMRs and the minority of physicians who are not
inclined to do so. Among those who use EMRs, not all physicians use the same EMR software
(which determines how the clinically relevant data is structured in the database), nor contribute
their data to EMRALDe. At the time of this thesis, it was not possible to get a complete capture
of EMR data from all FPs in Ontario. Therefore, the measurements reported in this thesis are
approximations of primary care performance and reflect just a portion of the overall health care
system and not its overall performance. However, we found that the study population in
EMRALDe was similar to the general Ontario population rostered to family physicians, in terms
of sex, age distribution and presence of chronic conditions.es This study was also conducted in
multiple primary care settings and benefited from a large sampling frame of over 300,000

patients from across Ontario, mitigating some of the limitations to generalizability.

Among physicians that do adopt EMRs, there are also varying degrees of adoption and there is
evidence of limited use among the adopters. Among EMR adopters, improper use has been
observed, and providers’ use of EMRs can often be limited to billing and scheduling.272 Some
may use EMRs for electronic documentation, but not for advanced uses for quality improvement
or care.272 The studies in this thesis excluded certain physicians that did not meet certain EMR
use criteria, including short duration of use. This may have introduced some bias as the

volunteering physicians may already have invested interest in performance and feedback in
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addition to the potential bias in addition to the inherent differences between physicians who do or
do not adopt EMRs. Some of this bias may be reduced by the fact that physicians may not be
volunteering their data as individuals (contributing their data, instead, as part of a larger clinic

initiative comprised of multiple physicians.

The findings from this thesis may not be generalizable to the rest of Canada but they can be used
as a point of comparison for future studies. Although the scope of the project is limited to one
type of EMR in one province, we found that some of the results were consistent with findings
from studies with other data sources. The methods and results in this thesis would be relevant in
other jurisdictions as EMRs become increasingly standardized and utilized for quality

improvement.

7.3.2 Strengths, limitations and mitigations of using primary care EMRs as

a secondary data source

There are several advantages to using EMR data. There are limited errors and recall biases of
response compared to traditional surveys or questionnaires. Although the preceding studies were
cross-sectional in design, the original data is longitudinal, and measurements can be repeated at
different time intervals to analyze changes over time. Using systematically collected routine
EMR data is advantageous compared to other observational data taken from surveys, which can
be cost prohibitive to conduct with larger populations and challenging to reproduce over time.
Compared to administrative data, EMRs also has some benefits, namely they contain valuable
clinical information unavailable in administrative claims data. This includes, as previously
mentioned, medications prescribed to all patients including patients who are under the age of 65
and ineligible for our provincial public drug program. It should be noted that medication
prescription rates should be considered a process measure as they do not provide an absolute
indication of medication adherence (if patients did not fill the prescription or take the medication
as indicated). Conversely, data from administrative claims, community pharmacies or insurance
claims have information on prescriptions that were filled and paid for, which would indicate that
the patient obtained the medication (although it does not guarantee that they were taken as
indicated).

Primary care EMR data provide a snapshot of the clinical practices in the community. Compared

to what can be found from audits and research in hospital settings, primary care EMR data
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provides an overall picture of the routine care that FPs provided to most of the population. If
prevention and management in primary care are important to reduce inpatient and
hospitalization, particularly for patients who have chronic diseases, it is important to conduct
research in primary care to assess what care is taking place. Information on primary care practice
equips us to know what may need to change in order to keep patients healthier, longer in the

community and avoid preventable hospitalizations.

There are limitations to EMR data in several aspects related to data quality, availability and
analyzability, and how it links to quality of care. It is likely that to some degree, patients’ records
are incomplete, and there is heterogeneity in recording practices among the physicians that
contribute data to the EMR database. When assessing the receipt of guideline recommended care,
only the care documented in the EMR would be included in our measurement, which is
dependent on the clinicians keeping the EMR up-to-date. Clinics or physicians with insufficient
electronic documentation would appear to have lower than the true rates of adherence to the
quality indicators. In this regard, what we measure with EMR data is the rate to which physicians
record their practice within the EMR data, as an approximate measure of the actual practice.
Additionally, the care being studied may have been received by the patient but absent in our
analysis. For example, we limited the analysis to structured and semi-structured data, and may
have missed relevant information that was stored in unstructured free-text data. Care may have
also been received by the patient outside of the primary care clinic, such as medications
prescribed by specialists or other physicians not contained in our EMR data, over-the-counter
medications, in the hospital, or from community pharmacists, and thus absent from EMR data if
not known and recorded by the FP. We know from previous research that there is variation in
recording practices even in when there are considerable incentives and explicit mandated
directions for how and where to code the information.so Some of this variability can be due to
distinctiveness of the diagnosis or the potential stigma that may be attached to the disease such as
mental health conditions. The presence of variation in data recording practices may be

incorrectly captured as clinical practice variation in this study.

To mitigate the limitations of data quality discussed throughout this thesis, we considered EMR
data from physicians who have used their EMR within a minimum time frame in the inclusion
criteria. This eliminated new users who may be underreporting in their EMRSs. The average

amount of time that EMRALDe users have used the EMR was over 6 years in the original
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studies. When looking at presence of diseases, we used validated algorithms and case-definitions
based on previous research. For other components of the EMR such as medication, laboratory
findings, diagnostic tests, and consultation letters, we considered the completeness of data
capture based on validation against administrative data.ss We also limited the studies in Chapters
2 to 5 to be based on EMR data components which were likely to have a high degree of
completeness and easily amenable to automated analysis, namely data from structured and semi-
structured EMR fields. The components of care and quality that were not well captured by EMR

data were excluded as outlined in detail in Chapters 3 and 4.

7.3.3 Limitations to the definition and measurement of ‘quality’ of care

The definition of ‘quality’ for this thesis was narrow and limited to the aspects of quality as
defined by Health Quality Ontario, and by the selected clinically relevant quality indicators for
CVD and COPD management. These indicators of quality reflect only a small aspect of
healthcare and do not encompass all aspects of healthcare quality. Further research can evaluate
and validate whether the measured quality indicators correlate to previously established measures
for healthcare process, quality of life or outcome measures (e.g., hospitalization rates, emergency
department visits, patient reported experience/outcome measures). There is still a need to
establish a directional relationship between the quality indicators and actual quality of care.s7,273-
276 The findings from the present research could be used as baseline information for further
understanding of the relationship between quality of primary care, namely guideline

recommendations and adherence, and health outcomes.

A narrow focus on improving only measured quality indicators risks creating an imbalanced
approach to care provision. Several important aspects of high-quality care may not be
measurable with EMR data and should not be neglected. Some examples include the physicians’
approach or attitude toward the patient during delivery of care, continuity of care, patient
education and individualized plans. In addition to some of the quality indicators that could not be
measured, there were no indicators on patient experience, wait times, accessibility, integration
with other components of the health system, and efficiency. Although equity was assessed to a
degree through statistical analyses that included socioeconomic status, other important pillars of
primary care quality were not the focus of this research and would require alternative approaches

to assessing more comprehensive measures of healthcare quality.
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This research was unable to measure the vast majority of clinical guideline recommendations
using the described methods due to issues related to the measurability, accessibility and
consistency of the data. In order to measure quality indicators using EMR data, both numerator
and denominator components must be available and valid in the EMR data. The denominator
indicates the eligibility of a patient who should be receiving the care, while the numerator
indicates whether or not the patient received the indicated care. If either component is not
measurable with EMR data, the quality indicator is not measurable. This research was able to
measure less than one-third of the recommendations and quality indicators for CVD and COPD
care. In some of the Qls that were measured, there were components of the denominator or
numerator that were approximated or altered due to limitations in data availability or validity.
These limitations made the quality indicators less specific than they were originally intended. For
example, it was not possible to create validated measures of COPD severity using EMR data.
Consequentially, quality indicators intended for patients with advanced stages of COPD were
measured for all patients with COPD, regardless of the severity. This approach was taken to
evaluate the feasibility of measuring the indicator, and to find healthcare utilization rates among
all COPD patients as a proxy measure. Although this approach altered the specificity of the
original quality indicators, it was able to provide valuable research findings that could be
compared with other studies. The limitations in data quality, completeness and availability that
were previously noted contributed to the limitations of measuring quality of care with quality
indicators in the EMR.

7.3.4 Limitations of generalizability and interpretation of findings from the

qualitative study

For the final qualitative study, we interviewed a subset of the study population to gather detailed
and nuanced views of the complex issue surrounding EMR tool adoption and use among FPs.
However, we interviewed participants beyond data saturation to maximize information gathering
and to ensure that no new information was being generated. We employed strategies to maximize
participation, including small incentives (gift cards) to recruit as diverse of a participant pool as
possible in the available timeline. However, only family physicians were included in our
interviews, thus we may be missing perspectives on EMR tool adoption from non-physician
actors who are involved with EMR use and implementation, including nurses, technical support

staff, quality improvement specialists, and administrative staff.
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All qualitative research can introduce the researchers’ biases. This was mitigated through
interviewing with a second interviewer and having the data and findings reviewed by four
independent reviewers. The majority of the interviews were conducted over the phone, limiting
the opportunity to see and react to body language and other visible cues. However, due to the
limited time available to the participants, benefits of the phone interview (convenience and

availability) outweighed the cons.
7.4 Policy implications

7.4.1 Research implications: using EMRs to study primary care

The research presented in this thesis can be used to inform policy aimed at strengthening primary
care through the meaningful use of EMRSs. Strengthening primary care is crucial to strengthening
the healthcare system,11 as it is the first point of contact for patients, providing a gateway into the
larger healthcare system. It provides person-focused care over time, coordinates or integrates
care provided elsewhere, and addresses the most common problems in the community by
providing preventive, curative and rehabilitative services to maximize health and well-being.277
As previously mentioned, Canadian primary health care ranks poorly compared to other

developed countries and has room to improve.11,12,16,278

The studies in this thesis demonstrate that primary care EMR databases like EMRALDe make it
possible to identify and study specific population groups based on the presence of a chronic
condition and study adherence to clinical recommendations as part of assessing primary care
performance. By collecting, analyzing and reporting data on primary care performance, this
thesis furthered our understanding of performance measurement in primary care using examples
of CVD and COPD in Ontario. It demonstrates that opportunities to improve primary care
performance can be identified through the systemic analysis of collected EMR data. Access to
performance data and trends is valuable for researchers, care providers and policy makers. By
examining current practice patterns and obtaining assessments of family physicians’
performance, future researchers have a foundation and baseline with which future comparisons
can be made for evaluating interventions and new models of care for chronic disease
management. It allows primary care providers to self-evaluate, compare their performance with

their peers and implement essential quality improvement initiatives. Policy makers can use the
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results from EMR data to be better informed in their health policy decisions regarding primary

care.

As EMRs become increasingly used across jurisdictions, it presents many opportunities to study
detailed clinical information on larger populations with COPD and CVD.17,21-23 The studies in
this thesis show that primary care EMR data can be a promising source of data to study
populations in the community. Using EMR algorithms to identify patients with specific
conditions has the potential to help study appropriate use of pharmacological therapy, patient
outcomes, health care utilization patterns, and clinical and economic consequences with the
ultimate goal of improving patient care and outcomes. Results from studies similar to those
presented in this thesis can provide guidance on the areas of chronic disease management
warranting attention.1ss To further realize the benefits of EMRs, particularly for studying and
improving primary care, future health care policies should support advancements in EMR
adoption in primary care, its interoperability with other health information systems, set further

EMR data standards and promote EMR-based research.

7.4.2 Clinical implication: chronic disease management and quality

improvement
Suboptimal care among a population increases mortality and can be detrimental to the healthcare
system as a whole. Health policy plays an important role in shaping healthcare delivery by
implementing changes in the design of the healthcare system, or by creating incentives (financial
or otherwise) to promote particular care practices that would increase health outcomes of the
population. In primary care, it is important to identify which group of patients are not receiving

optimal care for chronic disease prevention, treatment and management.

This thesis provided evidence on aspects of CVD and COPD care that have potential for
improvement. These findings could help identify targets for quality improvement initiatives and
aid in choosing benchmarks for recommended care. Benchmarks are specified standards or
points of reference against which quality indicators may be compared to determine whether a
predefined level of quality of care was achieved. At the time of this research, there were limited
evidence-based benchmarks available in the literature. As such, it may be necessary to replicate

the quality indicator measurements within and across jurisdictions to secure meaningful
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benchmarks. The use of benchmarks and performance measurement can drive policies toward

more targeted improvement in chronic disease management.

When measuring adherence to C-CHANGE recommendations for cardiovascular management,
this research found a large degree of variation in the care provided by Ontario family physicians.
Although differences in patient characteristics explain most of this observed variation, the
multilevel models described in Chapter 5 found that non-patient factors (i.e., physician-, clinic-,
or system-level factors) were also substantially responsible. This finding may be reflective of
differences among physicians, such as experience and education on the subject matter, or other

individual tendencies.

Patient-level factors were most frequently associated with recommendation adherence. In
particular, women were more likely than men to have their BMI measured, and have their blood
pressure under control, but less likely than men to receive antiplatelet therapy for coronary artery
disease. Future investigations are needed to understand if these differences are clinically
warranted, or if they are symptomatic of inaccessibility and inequity in the healthcare system. If
contraindications for a recommendation were not explicitly stated, guideline bodies could re-
evaluate the wording of their published recommendations to improve their levels of specificity
for improved measurability within EMRs (e.g., by specifying for whom the recommendation is
appropriate, and specifying timeline for its appropriateness). If it is the latter case, health policies

must be used as instruments to reduce issues that impinge on health care quality.

This research also found large variation in the management of COPD among family physicians
in Ontario. We confirmed previous findings that spirometry rates are low and underutilized in
our population, suggesting there should be further investigation to identify the cause of the low
rates and potential solutions to improve the spirometry rates. As demonstrated in previous
research, patients who have received spirometry have better health outcomes.195 Additionally,
although we found high rates of recording of patients’ smoking history, there may be potential to
reduce the variation among primary care physicians to provide smoking cessation counselling for
more of their patients. We also found suboptimal rates of vaccination and pulmonary
rehabilitation in the COPD population. These findings can be taken into account when planning
future capacity strengthening or knowledge translation efforts to provide patients with the

recommended evidence-based care for CVD and COPD. The results from the studies can help
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inform decision-making bodies and policy makers on strategies to improve knowledge

translation of guidelines, particularly in areas that have low rates of adherence.

7.4.3 Enhanced use of EMRs

This thesis demonstrates and evaluates the feasibility of using EMRs to inform and improve
clinical practice. While billions of dollars have been spent on the development and uptake of
EMRs, there is limited, but growing evidence on its benefits, return on investment, and extent of
meaningful use at a system level.1s The studies above attempted to use EMR data to measure
primary care practice performance, evaluate patterns of management of CvVD and COPD to
determine if there is adequate system capacity, quality and uptake of EMRs in primary care to do
s0. Using EMRs as a tool, there are opportunities to evaluate health services, improve
prospective surveillance in public health; measure quality and performance at both system- and
individual-levels and improve chronic disease management.s2,33,53,279,280 EMRS could be used to
enhance public health surveillance functions, and identify risk factors that improve early
detection of disease and changes in health outcomes. This area of research can influence the
quality of health care and clinical practice that improves morbidity and quality of life. Findings
from this thesis that are relevant to meaningful use of EMRs can inform policies to shape the

future of information science in health care.

The findings from this thesis indicate that there are heterogeneities and limitations how
physicians record clinical encounter and use EMRs as well as EMR tools. We identified that in
some cases, there were limited up-to-date records of the cumulative patient profile, problem list
and diagnostic tests. This was in line with one of our findings from Chapter 6 which highlight the
heavy workload of FPs and their time constraints. The findings also suggest that the health
information gap could be addressed by increased support to end-users who are using EMRSs. In
this regard, the roles of data clerks, health informaticians, quality improvement specialists or
nurses could be explored from a policy perspective in order to fully realize the value of EMRs. In
order for EMR tools to be adopted by clinicians, there needs to be perceived alignment between
their priorities and their perceived purpose of the tools. Future policies can help guide developers

of EMR tools to consider their stakeholders’ and end-users’ priorities more fully.

Addressing barriers to adopting EMRs and EMR tools would further enhance the use of EMRs in

primary care. Policies can encourage reduction of technological and organizational barriers to
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adoption of advanced EMR use. Policies can help support this by recommendations that include
additional availability of support staff in updating EMRs; improved interoperability of health
information between service providers; improved user experience that make more advanced
features of EMRs more intuitive; or less time-consuming for users while maintaining accuracy

and data standards.

7.5 Future research directions

The research conducted in this thesis found that EMR data can be used to study quality of care,
which is particularly important for understudied populations such as patients with COPD. We
identified several important aspects to consider when measuring quality indicators in primary
care EMRs. However, additional research is required to fully understand the current limitations
of EMR data and its data quality. The work presented in this thesis should be supplemented with
research focused on ways to improve EMR data without negatively impacting user experience or
clinical practice. It is still unknown how effectively EMR data and quality improvement tools
could most effectively modify user behaviour and clinical practice to improve primary care

quality.

Below, three potential future research areas are highlighted, namely studying how to use EMRs
at the point of care to improve quality of care; comparing our findings with other data sources;

and using different methods to study primary care quality with EMR data.

7.5.1 Using EMRs at the point of care to improve quality of care

Suboptimal levels of process-based quality indicators were found for several aspects of the care
studied in this thesis. These included the rates of vaccination and spirometry in our COPD
population, and risk factor screening by asking about smoking history in the general population,
providing and supporting smoking cessation to current smokers, and large degrees of variation in
clinical practice indicating suboptimal health care quality at the system level. Interventions can
be designed, developed, implemented and studied to find the most effective way of improving
care and improving adherence to the quality indicators. Interventions can include built-in tools in
the EMRs to be used at the point of care; interventions to support performance self-audit and
feedback; or other knowledge translation interventions such as paper-based educational material

or training programs.
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Future projects on EMR tools should focus on reducing the barriers to implementation success
identified in this thesis. Any EMR-based quality improvement intervention or clinical decision
support tool should be tested for their usability, potential for clinical uptake, impact on clinical
practice and impact on patient outcomes so as to work with the existing workflow and reduce
time lost for the user. The design and development of EMR tools should align with physicians’
priorities, be intuitive to use and improve the clinic workflow. This can be done by conducting
research in multiple phases that include the end-users and stakeholders at all steps, such as
requirements gathering, user experience testing, pilot testing, and incorporate multiple rounds of
design and development so as to maximize the probability that the tool would be used at the
point of care. If a pilot test is successful, only then should it be rolled out to a larger trial where
the effectiveness of the tool could be evaluated. A multi-pronged study design can
methodologically compare different types of EMR tools to assess its relative impact on quality

improvement and modifying behaviours.

7.5.2 Comparison of results with other data sources

The studies in this thesis were limited to data derived from family physicians that used Telus
Practice Solutions Suite EMR in the province of Ontario. To further our understanding of
primary care practice patterns in Ontario, future research should be directed toward investigating
which other EMRs may be used as data sources for research and developing ways to analyze
information from other EMR sources (including OSCAR EMR, Accuro EMR). Our findings can
also be compared with external data sources, such as administrative data or survey data from

within the province or outside of Ontario.

While Practice Solutions Suite EMR was noted to be the most widely used primary care EMR in
Ontario, there are a myriad of other EMRs that are used by other FPs.165 Future research efforts
to include and compare our results with data from other sources will allow a more
comprehensive picture of the health care system, validate our findings, and also understand the
benefits, limitations and differences between currently available EMR systems. This future
research could be made possible with research initiatives like the University of Toronto Practice-
Based Research Network (UTOPIAN)2s1 which would harness data from multiple EMR vendor
software. Conducting the research in this thesis with other EMR data sources would allow us to
compare results and further understand if some of the variation is due to variation in database
structures and data capture in the particular EMR software, or variation in clinical practice
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patterns. It would be important to understand the information architecture and data structures
among all the available EMRs in Ontario to realize the benefits of health information systems

and enable region-wide evaluation of EMR use and health care planning.

Some of our results can also be validated with research based on administrative claims data to
see the degree to which the rates of quality indicators are similar. This would be possible to do
for rates of medication prescribed to patients who are insured (patients over the age of 65 who
have public drug insurance coverage). This comparison would help validate our findings if the
rates are similar among the insured group, and also provide information on specialist versus
primary care, and possible issues surrounding medication adherence and compliance if the rates
were vastly different. For example, if prescription rates were higher in the EMR than in the
administrative and insurance claims data, that would mean patients were receiving prescriptions
from their FPs but not filling them in at the pharmacy. Conversely if the prescription rates were
lower in the EMR than the administrative database, that would indicate that FPs EMRs are not
up-to-date or that specialists’ prescribing details were not made available or recorded in the FPs’
office. Similarly, administering surveys at clinics or performing a chart audit of a certain subset
of the clinics in our study would strengthen the validity of our findings. Use of other datasets and
additional chart audits may also be required in order to develop additional validated EMR
algorithms, such as classification of COPD severity that we did not include in our studies, and

also enable the measurement of other quality indicators.

Future comparisons of results can be made not only with other data sources within in Ontario but
also with other jurisdictions in Canada and abroad. Research with data from other regions and
other data sources would enable greater understanding of health care service trends and foresee
the needs of providing quality care for chronic disease management. This in turn can help
identify meaningful benchmarks and inform changes in policies to strengthen the health care

system, particularly primary care.

7.5.3 Improvements in analysis and health information systems

Two-thirds of the original quality indicators and recommendations in the harmonized guidelines
were not measured in our studies. There may be interest in future research to develop ways to
measure these components of care to obtain a more comprehensive view of the quality of chronic

disease management in primary care. The indicators that were not measured in this thesis were
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particularly around aspects of care that are not documented in EMRs in a way that it was
amenable for data analysis. Some of the limitations were due to limited interoperability between
primary care EMR data, hospital data, and limited standardization of certain diagnostic tests such
as spirometry or echocardiograms. Future research is warranted to find optimal ways of
standardizing and operationalizing information flow between health providers in order to achieve
a comprehensive clinical dataset that enables us to understand and study our health care system
as a whole. This wound enable the monitoring of the heatlh care system and identify ways to
improve delivery of care not only at the point of care, but also by improvements in the

information infrastructure where health information is exchanged.

Part of the limitations to non-measurement was due to the methods used in analysis. More
advanced computing techniques that involve data mining and natural language processing offer
future potential to identify patterns of care with unstructured data elements in the EMR that were
not considered in this thesis. Future research using these advanced techniques could potentially
find useful information about other important aspects of chronic disease management in the

EMR, such as patients’ lifestyle, diet, and physical exercise.

Future integration with databases and external data sources will also expand the scope of
research that is possible. As the population gets older and there are increased prevalence of
chronic disease, there may be a more prominent focus on improving self-management and
prevention throughout patients’ life course. With the advent of telehealth monitoring
technologies and ubiquitous mobile health applications, there may be an increase in data linkages
between clinicians’ offices, data integration with homecare and self-care information. Because
there may be linkages with primary care EMR data as well, there may be opportunities to
research how these additional data sources play a role in assessing the patients’ health and health
care needs. These platforms may also provide new ways to improve and assess some of the
quality indicators, such as those surrounding routine monitoring, patient lifestyles (smoking
habits, nutrition and physical exercise) or patient education. Integrating other aspects of
healthcare that are not delivered at a health facility or the family physicians’ offices may provide
an opportunity for future research to study chronic disease management and patient care in a

more holistic and comprehensive way.
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7.6 Conclusion

The goal of this thesis was to find out if primary care EMRs could be used to study, assess and
improve the quality of chronic disease management. Through five original studies, this thesis
explored a number of ways in which primary care EMRs could be used meaningfully to target
improvements in chronic disease management. Identifying patients with certain conditions
accurately is essential to being able to target quality improvement initiatives and conduct an
audit of current performance. The thesis demonstrated that EMRs could be used to accurately
identify patients with complex conditions such as COPD. This thesis further demonstrated that
data from primary care EMRs could be harnessed to measure the rate at which patients with
certain conditions are receiving recommended care. In two studies, we demonstrated that aspects
of chronic disease care, namely primary care physicians’ adherence to clinical practice guidelines
and quality indicators for cardiovascular disease and COPD are possible to measure readily if
they are quantifiable or coded in semi-structured or structured formats in the EMR. For aspects
of care that had low adherence rates or high level of variance in practice, we linked the findings
to external data sources to investigate if there are provider or patient characteristics that are
associated with meeting the quality indicator criteria. We provided an example of how health
service utilization data, socioeconomic data and clinical data from EMRs could be combined to
investigate epidemiological research questions. Finally, we identified barriers to the adoption and
routine use of EMR-embedded tools and audit and feedback tools designed to increase guideline-
adherence in primary care through thematic analysis. This research provided insight into
important considerations for building a quality improvement intervention using EMR data as a

platform or data source.

Adoption and use of EMRs are still growing and continuing to change in the primary care
delivery landscape. We identified key limitations to using EMR data to measure primary care
quality, as well as a conceptual model that describes factors that impact measurability of quality
indicators within primary care EMRs. These findings would be important to consider in future
efforts to use EMRs for primary care quality improvement and performance management. There
is still much to understand about maximizing the benefits of EMRs in primary care. This thesis
provided proof of concept that primary care EMRs could be used to identify patients with a
certain condition, and assess clinical quality measures with process and outcome indicators

measurable in the EMR. However there are many limitations still with EMR data quality, EMR
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data standards, clinical variation in practice and EMR use. It is essential that policymakers take
into consideration sociotechnical aspects of the healthcare system and delivery when considering

the use of EMRs for quality improvement.
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7.7 Tables and figures
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Figure 7-1 Quality indicator measurability in primary care electronic medical records, factors influencing quality indicator measurability

and results from measurement
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Table 7-1 Factors contributing to measurability of quality indicators in primary care electronic

medical records

Quality

indicator Potential impact on
element Measurability factors Example results

Numerator

Data element accuracy
and completeness: The
care indicated for the
patient should be
recorded in the EMR
when it has taken place

Some physicians may
measure patients’ weight
but not record it in the
EMR

Urinalysis may be done
at the clinic and the
results may not be
recorded in the EMR

Incompleteness will
increase variability, and
when it does not reflect
the reality of practice,
will skew the indicator
results (in most cases, to
be lower than actual
practice)

Data element
comparability: The
care indicated should
be recorded in
standardized format
and consistent for all
users and over time

Nomenclature for
spirometry results are
not standardized and
sometimes numeric in
different data formats
(percentages or decimals
or text strings)

Indicator will not be
comparable. It would be
possible to see
approximate indication
of the process measure
taking place for the
example of spirometry,
but difficult to assess if
results of spirometry
were concordant with
the diagnosis of a
respiratory condition

Denominator

Precision/recall of
defined cohort: Case-
definition of relevant
population should be
validated

Accuracy and recall of
algorithm or case-
definition may be
limited and exclude a
large number of relevant
patients; or include too
many individuals for
whom the indicator is
not relevant

The results may be
skewed based on the
precision and recall
values of case-definition
used for defining
relevant population

Inclusion of patients
based on last visit:
Timeframe for last
clinical encounter with
physician should be
appropriate

Cohort should indicate
the timeframe in which
the patient has had an
encounter with the
physician (e.g. patient
has a claim recorded in
the last 24 months)

The number of patients
who have not had a
clinical encounter (lost
to follow-up) who
remain in the
denominator will lower
the results

Availability of data for
inclusion/exclusion
criteria; Certain criteria

Criteria such as patient
ethnicity or family
history are often not

Aspect of the indicator
is not measurable and
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Quality

indicator Potential impact on
element Measurability factors Example results
may not be available in  well recorded in results may be less
EMR data standard format in the relevant
EMR
Time-specific  Indicator is time- Process indicator Indicator should be
specific: The time example: the proportion  time-specific and
frame in which the of patients with diabetes  relevant. A shorter
action should be who have a HbAlc test  timeframe may lower
performed, or the recorded in the last 18 results, and no time
outcome is valid months; outcome restrictions may increase
should be defined indicator example: the results.
proportion of patients
with diabetes whose last
fasting plasma glucose
test result in the last 12
months was on target.
Relevance Indicator is relevantto  Hospitalization records  Indicator should be

primary care: The
element of care should
be appropriate to
search in primary care
electronic medical
records

are currently not well
captured in primary care
EMRs; patient may be
under care of specialists
to receive the indicated
care

relevant to the database
being queried; if care is
received elsewhere but
is not recorded, it may
lower the results and
increase variability
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Appendices

Appendix A Search terms used for the literature in this thesis

PubMed Search terms with medical subject heading (MeSH) terms

Concept Search terms

Overall (Health condition as below)
search

strategy AND

(IMesh: EMR] or tool)
AND

(‘quality improvement' OR ‘performance measurement’ OR epidemiology
OR public health)

AND
primary care

EMR terms:  ("Medical Records"[Mesh] OR "Electronic Health Records"[Mesh] OR
"Medical Record Linkage"[Mesh] AND "Medical Records Systems,
Computerized"[Mesh])

Quality ("Quality Improvement”[Mesh] OR "Meaningful Use”’[Mesh] OR "Total
improvement  Quality Management'[Mesh] OR "Public Health Surveillance"[Mesh] OR
terms: "Public Health Informatics”[Mesh] OR "Clinical Audit"[Mesh] OR "Medical

Audit"[Mesh] OR "Quality Assurance, Health Care"[Mesh]
OR "Benchmarking"[Mesh] OR "Management Audit"[Mesh] OR "Quality of
Health Care"[Mesh] OR "Practice Patterns, Physicians™'[Mesh])

Primary care  ("Primary Health Care"[Mesh] OR "Physicians, Primary Care"[Mesh] OR
"Physicians, Family"[Mesh] OR "General Practitioners"[Mesh])

Epidemiology "Epidemiologic Methods"[Mesh] OR

Without ("Medical Records"[Mesh] OR "Electronic Health Records”[Mesh] OR
disease "Medical Record Linkage"[Mesh] AND "Medical Records Systems,
Computerized"[Mesh])

AND
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Concept

With disease

Search terms

("Quality Improvement”[Mesh] OR "Meaningful Use”’[Mesh] OR "Total
Quality Management”[Mesh] OR "Public Health Surveillance"[Mesh] OR
"Public Health Informatics”[Mesh] OR "Clinical Audit"[Mesh] OR "Medical
Audit"[Mesh] OR "Quality Assurance, Health Care"[Mesh]

OR "Benchmarking"[Mesh] OR "Management Audit"[Mesh] OR "Quality of
Health Care"[Mesh] OR "Practice Patterns, Physicians™[Mesh])

AND

("Primary Health Care"[Mesh] OR "Physicians, Primary Care"[Mesh] OR
"Physicians, Family"[Mesh] OR "General Practitioners"[Mesh])

("Medical Records"[Mesh] OR "Electronic Health Records”[Mesh] OR
"Medical Record Linkage"[Mesh] AND "Medical Records Systems,
Computerized"[Mesh])

AND

("Quality Improvement”[Mesh] OR "Meaningful Use”’[Mesh] OR "Total
Quality Management”[Mesh] OR "Public Health Surveillance"[Mesh] OR
"Public Health Informatics"[Mesh] OR "Clinical Audit"[Mesh] OR "Medical
Audit"[Mesh] OR "Quality Assurance, Health Care"[Mesh]

OR "Benchmarking"[Mesh] OR "Management Audit"[Mesh] OR "Quality of
Health Care"[Mesh] OR "Practice Patterns, Physicians™'[Mesh])

AND

("Primary Health Care"[Mesh] OR "Physicians, Primary Care"[Mesh] OR
"Physicians, Family"[Mesh] OR "General Practitioners*[Mesh])

AND

("Pulmonary Disease, Chronic Obstructive”"[Mesh] OR "COPD, Severe
Early-Onset" [Supplementary Concept] OR

"Cardiovascular Diseases"[Mesh] OR "Vascular Diseases"[Mesh] OR "Atrial
Fibrillation"[Mesh] OR "Stroke"[Mesh])
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PubMed Search Results

Search target

Overall

COPD-specific

Number of

results

Results: 290

Results: 18

Search terms

("Medical Records"[Mesh] OR "Electronic Health
Records"[Mesh] OR "Medical Record Linkage"[Mesh]
AND "Medical Records Systems, Computerized"[Mesh])
AND ("Quality Improvement"[Mesh] OR "Meaningful
Use”[Mesh] OR "Total Quality Management"[Mesh] OR
"Public Health Surveillance"[Mesh] OR "Public Health
Informatics”[Mesh] OR "Clinical Audit"[Mesh] OR
"Medical Audit"[Mesh] OR "Quality Assurance, Health
Care"[Mesh] OR "Benchmarking”[Mesh] OR
"Management Audit"[Mesh] OR "Quality of Health
Care"[Mesh] OR "Practice Patterns, Physicians™[Mesh])
AND ("Primary Health Care"[Mesh] OR "Physicians,
Primary Care"[Mesh] OR "Physicians, Family”[Mesh]
OR "General Practitioners"[Mesh]) AND (“Pulmonary
Disease, Chronic Obstructive”[Mesh] OR "COPD,
Severe Early-Onset" [Supplementary Concept] OR
"Cardiovascular Diseases"[Mesh] OR "Vascular
Diseases"[Mesh] OR "Atrial Fibrillation"[Mesh] OR
"Stroke"[Mesh] OR "Diabetes Mellitus"[Mesh])

("Medical Records"[Mesh] OR "Electronic Health
Records"[Mesh] OR "Medical Record Linkage"[Mesh]
AND "Medical Records Systems, Computerized"“[Mesh])
AND ("Quality Improvement”[Mesh] OR "Meaningful
Use”’[Mesh] OR "Total Quality Management"[Mesh] OR
"Public Health Surveillance"[Mesh] OR "Public Health
Informatics"[Mesh] OR "Clinical Audit"[Mesh] OR
"Medical Audit"[Mesh] OR "Quality Assurance, Health
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Cardiovascular

disease specific

Diabetes

specific

Results: 174

Results: 145

Care"[Mesh] OR "Benchmarking“[Mesh] OR
"Management Audit"[Mesh] OR "Quality of Health
Care"[Mesh] OR "Practice Patterns, Physicians™[Mesh])
AND ("Primary Health Care"[Mesh] OR "Physicians,
Primary Care"[Mesh] OR "Physicians, Family"[Mesh]
OR "General Practitioners"[Mesh]) AND ("Pulmonary
Disease, Chronic Obstructive”[Mesh] OR "COPD,
Severe Early-Onset” [Supplementary Concept])

("Medical Records"[Mesh] OR "Electronic Health
Records"[Mesh] OR "Medical Record Linkage"[Mesh]
AND "Medical Records Systems, Computerized"[Mesh])
AND ("Quality Improvement”[Mesh] OR "Meaningful
Use”[Mesh] OR "Total Quality Management'[Mesh] OR
"Public Health Surveillance"[Mesh] OR "Public Health
Informatics"[Mesh] OR "Clinical Audit"[Mesh] OR
"Medical Audit"[Mesh] OR "Quality Assurance, Health
Care"[Mesh] OR "Benchmarking"“[Mesh] OR
"Management Audit"[Mesh] OR "Quality of Health
Care"[Mesh] OR "Practice Patterns, Physicians™'[Mesh])
AND ("Primary Health Care"[Mesh] OR "Physicians,
Primary Care"[Mesh] OR "Physicians, Family"[Mesh]
OR "General Practitioners"[Mesh]) AND
("Cardiovascular Diseases"[Mesh] OR "Vascular
Diseases"[Mesh] OR "Atrial Fibrillation"[Mesh] OR
"Stroke"[Mesh])

("Medical Records"[Mesh] OR "Electronic Health
Records"[Mesh] OR "Medical Record Linkage"[Mesh]
AND "Medical Records Systems, Computerized"[Mesh])
AND ("Quality Improvement"[Mesh] OR "Meaningful
Use”’[Mesh] OR "Total Quality Management"[Mesh] OR
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Search

medical
records
systems,

computerized

(exp)

medical
record
linkage (exp),
population
surveillance

(exp),

vascular

diseases

(exp),

"Public Health Surveillance"[Mesh] OR "Public Health
Informatics”[Mesh] OR "Clinical Audit"[Mesh] OR
"Medical Audit"[Mesh] OR "Quality Assurance, Health
Care"[Mesh] OR "Benchmarking“[Mesh] OR
"Management Audit"[Mesh] OR "Quality of Health
Care"[Mesh] OR "Practice Patterns, Physicians™[Mesh])
AND ("Primary Health Care"[Mesh] OR "Physicians,
Primary Care"[Mesh] OR "Physicians, Family"[Mesh]
OR "General Practitioners"[Mesh]) AND ("Diabetes
Mellitus"[Mesh])

Reason Number of results

to capture concepts including 22,977
electronic health records, electronic
medical records, medical information

system, clinical information systems

administrative data, external 44 867

databases, surveillance database

hypertension, stroke, acute 719.693
myocardial infarction, peripheral
arterial disease, cardiovascular

disease,
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# Search Reason Number of results

4 1 AND 2 Targeted search 31
AND 3

Medline database: ‘Ovid 1996 to 2014 Ovid MEDLINE® without Revisions’

Date of search: Februay 2016
Sources: peer reviewed journals, trade journals, trade magazine articles,

Languages: English
Countries: All
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Appendix B Description of C-CHANGE recommendation and adapted quality indicators,

numerators and denominators

Overall
rate in
Numerator =~ Denominator EMRALD
Adapted quality Lookback ®
ID Description @ Original recommendation indicator period n n %
Domain: Body Habitus (1 to 3)
1 Adult BMI Height, weight and waist circumference should | % of adults who have | All time 156,292 233,081 67.1%
be measured, and body mass index calculated a BMI recorded in
for all adults the EMR
2  Healthy BMI = Maintenance of a healthy body weight (body % of adults with a All time 53,257 156,292 34.1%
mass index 18.5 to 24.9 kg/mz, and waist recorded BMI whose
circumference less than 102 cm for men and latest BMI in the
less than 88 cm for women) is recommended for = normal range (18.5 to
non-hypertensive individuals to prevent 24.9kg/m2)
hypertension and for hypertensive patients to
reduce blood pressure. All overweight
hypertensive individuals should be advised to
lose weight.
3 Children’s Measuring body mass index (BMI = % of children aged 2- | 3 years 27,414 45,455 60.3%
BMI weight[kg]/height[m]2) in children aged two to = 17 years who have
seventeen years BMI recorded
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ID  Description

Original recommendation

Lookback
period

Adapted quality
indicator

Numerator

n

Denominator

n

Overall
rate in
EMRALD
®

%

Domain: Risk Factor Screening (4 to 8)

4

5

Diabetes
screening

Diabetes

screening
with 2hPG (1)

Screening for diabetes using FPG and/or HbAlc
should be performed every 3 years in
individuals > 40 years of age or at high risk
using a risk calculator. More frequent and/or
earlier testing with either FPG and/or HbAlc or
2hPG ina 75 g OGTT should be considered in
those at very high risk using a risk calculator or
in people with additional risk factors for
diabetes.

o History of prediabetes (IGT, IFG, or A1C
6.0%-6.4%); History of gestational diabetes
mellitus;

o History of delivery of a macrosomic infant;
o Presence of vascular risk factors (low HDL
<1.0 mmol/L in males, < 1.3 mmol/L in
females, high triglycerides > 1.7 mmol/L,

hypertension, overweight/obesity);

e Presence of associated diseases (polycystic
ovary syndrome, acanthosis nigricans,
obstructive sleep apnoea, psychiatric
disorders, HIV infection);

e Use of drugs associated with diabetes
(glucocorticoids, atypical antipsychotics,
HAART)

Testing with 2hPG ina 75 g OGTT should be

undertaken in individuals with FPG 6.1-

6.9 mmol/L and/or HbAlc 6.0%-6.4% in order

to identify individuals with IGT or diabetes

% of adults aged >41
without diabetes who
have FPG or HbAlc
results

3 years

% of adults with FPG = All time
of 6.1-6.9mmol/L or

HbAlc 6.0-6.4% who

have a 2hPG test

(excluding patients

with diabetes)
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60,519

2,184

127,786

23,267

47.4%

9.4%



Overall

rate in
Numerator ~ Denominator EMRALD
Adapted quality Lookback ®
ID  Description @ Original recommendation indicator period n n %
6 Diabetes Testing with 2hPG ina 75 g OGTT may be % of adults with FPG = All time 2,786 63,454 4.4%
screening undertaken in individuals with FPG 5.6- 5.6-6.0mmol/L or
with 2hPG 6.0 mmol/L and/or HbAlc 5.5%-5.9% and > 1 HbA1c 5.5-5.9%, who
(m risk factor(s) in order to identify individuals have a 2hPG test
with IGT or diabetes. (excluding patients
with diabetes)
7 Lipid Screening of plasma lipids is recommended in % of men over age 41; = 3 years 109,954 160,065 68.7%
screening adult men > 40 and women > 50 years of age or ~ women over age 51;
postmenopausal. Screen lipids at any age for: or have diabetes,
smoking, diabetes, hypertension, overweight, hypertension, CKD,
rheumatoid arthritis, systemic lupus currently smoke, or
erythematosis, psoriatic arthritis, ankylosing are overweight, who
spondylitis, inflammatory bowel disease, have a lipid test
chronic obstructive pulmonary disease, chronic
HIV infection, CKD, abdominal aneurysm and
erectile dysfunction. Consider screening
individuals of First Nations or South Asian
ancestry at an earlier age.
8 | Smoking All patients/clients should be asked if they use % of adult patients All time 142,078 233,081 61.0%
history tobacco and should have their tobacco use status = with smoking status

documented on a regular basis. All physicians,
nurses and other health care workers should
strongly advise all patients who smoke to quit
and provide brief advice.

recorded in the EMR
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ID  Description

Original recommendation

Adapted quality
indicator

Lookback
period

Numerator

n

Denominator

n

Overall
rate in
EMRALD
®

%

Domain: Diagnostic Strategies (9 to 10))

9a

9b

9c

9d

9e

of

10

Screening
with FBG
and ECG for
hypertensive
patients

Liver enzyme
tests for
overweight
patients

Routine laboratory tests that should be
performed for the investigation of all patients
with hypertension include: urinalysis; blood
chemistry (potassium, sodium and creatinine);
fasting blood glucose; fasting serum total
cholesterol and high density lipoprotein
cholesterol, low density lipoprotein cholesterol
and triglycerides; and standard 12-lead
electrocardiography

Additional investigations, such as liver enzyme
tests, urinalysis and sleep studies (when
appropriate), to screen for and exclude other
common overweight/obesity-related health
problems.

% of adults with
hypertension who
have a test for
potassium

% of adults with
hypertension who
have a test for
sodium

% of adults with
hypertension who
have a test for
creatinine

% of adults with
hypertension who

have a test for fasting

blood glucose
% of adults with
hypertension who

have a lipid profile

test

% of adults with
hypertension who
have a record of
ECG

% of adults who are

overweight

(BMI > 25kg/mz2) who

have a liver test
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All time

All time

All time

All time

All time

All time

3 years

45,063

44,777

46,593

27,849

45,021

27,202

65,137

48,965

48,965

48,965

48,965

48,965

48,965

103,350

92.0%

91.4%

95.2%

56.9%

91.9%

55.6%

63.0%



Overall

rate in
Numerator ~ Denominator EMRALD
Adapted quality Lookback ®
ID  Description @ Original recommendation indicator period n n %
Domain: Treatment Targets (11 to 16)
11 | Achieving Therapy in most individuals with type 1 or type = % of adults with 18 months 11,981 20,083 59.7%
HbAlc 2 diabetes should be targeted to achieve an diabetes who have an
targets (7%) | HbAlc < 7.0% in order to reduce the risk of HbA1c whose last
microvascular and, if implemented early inthe  measured HbAlc
course of disease, macrovascular complications = < 7%
12 Achieving An HbAlc < 6.5% may be targeted in Some % of adults with 18 months 7,918 20,083 39.4%
HbAlc patients with type 2 diabetes to further lower the = diabetes who have an
targets risk of nephropathy and retinopathy, but this HbA1c whose last
(6.5%) must be balanced against the risk of measured HbAlc
hypoglycemia. < 6.5%
13  Antihyperten = Antihypertensive therapy should be strongly % of adults with CAD = 18 months 2,473 3,033 81.5%
sives for high ' considered if systolic blood pressure readings or stroke and an
systolic BP average 140 mmHg or higher in the presence of = average systolic blood
macrovascular target organ damage. pressure > 140mmHg
(average of all
readings in last 1 year)
who have a
prescription for
antihypertensive
therapy
14  Blood Persons with diabetes mellitus should be treated = % of adults with 1 year 7,489 19,741 37.9%
pressure to attain systolic blood pressures of less than diabetes whose most
targets for 130 mmHg and diastolic blood pressures of less = recent blood pressure
patients with | than 80 mmHg. < 130/80
diabetes
15  Antihyperten = Antihypertensive therapy should be strongly % of adults with CAD = 18 months 401 580 69.1%
sives for considered if diastolic blood pressure readings or stroke with an
patients with | average 90 mmHg or higher in the presence of average diastolic BP
high DBP macrovascular target organ damage or other >90mmHg (over the

independent cardiovascular risk factors.

past 1 year) who are
on antihypertensives
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Overall

rate in
Numerator ~ Denominator EMRALD
Adapted quality Lookback ®
ID  Description @ Original recommendation indicator period n n %
16 | Antihyperten In the very elderly (age 80 years and older), % of adults aged >80 = 18 months 103 158 65.2%
sives for who do not have diabetes or target organ without diabetes,
elderly damage, the SBP threshold for initiating drug CAD, CKD or stroke
patients >80  therapy is > 160 mmHg and the SBP target is and a most recent
years < 150 mmHg. systolic BP of
> 160mmHg who are
on antihypertensives
Domain: Pharmacologic and/or Procedural Therapy (17 to 23)
17  Anti-platelet  Patients with documented CAD, in the absence = % of adults with CAD = 18 months 5,264 2,119 43.4%
agents for of specific contraindications or documented who have a
patients with  intolerance, should be treated with anti-platelet = prescription for anti-
CAD agents; for patients with a history of chronic platelet agents
stable angina, remote PCI, or CABG, ASA
(75 mg PO to 162 mg) PO daily indefinitely
18 | Statin use Statin therapy should be used to reduce % of patients > 40 18 months 12,199 20,760 58.8%
among cardiovascular risk in adults with type 1 or type | years with diabetes
patients with | 2 diabetes with any of the following features: who have a
diabetesover = e Clinical macrovascular disease; prescription for
the age of 40 e Age>40 years statin
e Age <40 years and 1 of the following:
diabetes duration >15 years and age >30
years, microvascular complications
19 | ACE or ARB ACE inhibitor or ARB, at doses that have % of adults > 55 years = 18 months 11,704 16,548 64.1%

use for
patients with
diabetes over
age 55

demonstrated vascular protection, should be
used to reduce cardiovascular risk in adults with
type 1 or type 2 diabetes with any of the
following:

e Clinical macrovascular disease,

e Age>55 years,

e Age < 55 years and microvascular

complications.

with diabetes who
have a prescription for
ACE inhibitors or
ARBs
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Overall

rate in
Numerator ~ Denominator EMRALD
Adapted quality Lookback ®
ID  Description @ Original recommendation indicator period n n %
20 | Antihyperten | Initial therapy should consist of monotherapy % of adults with 18 months 35,858 48,965 73.2%
sive with a thiazide diuretic; a B-blocker (in patients | hypertension who
medication younger than 60 years); an ACE inhibitor (in have prescription for
nonblack patients); a long-acting CCB; or an at least one of these
ARB. If there are adverse effects, another drug | kinds of drugs:
from this group should be substituted. thiazide diuretics;
Hypokalemia should be avoided in patients Beta-blockers; ACE
treated with thiazide diuretic monotherapy. inhibitors; CCBs or
ARBs
21  Aggressive Combination therapy using two first-line agents = % of adults with 18 months 2,245 5,314 42.2%
antihypertens = may also be considered as initial treatment of hypertension with a
ive hypertension if systolic blood pressure is 20 most recent BP higher
medication mmHg above target or if diastolic blood than the target and
pressure is 10 mmHg above target. who have a
prescription for at
least two first-line
antihypertensives
22  ACE or ARB | For persons with cardiovascular or kidney % of adults with CAD, | 18 months 34,137 64,989 52.5%
for patients disease, including microalbuminuria or with diabetes, hypertension
with CVD or | cardiovascular risk factors in addition to or CKD who have a
kidney diabetes and hypertension, an ACE inhibitor or | prescription for ACE
disease an ARB is recommended as initial therapy. or ARBs
23 | ACE or ARB An ACE inhibitor or ARB is recommended for = % of patients with 18 months 5,121 7,063 72.5%
for patients most patients with hypertension and CAD hypertension and
with CAD CAD who have a

prescription for ACE
inhibitors or ARBs
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Appendix C

Description of Chronic Obstructive Pulmonary Disease Quality Indicators

measured in the primary care Electronic Medical Record and their adaptations and limitations

Original quality indicators
(Gershon et al 2018)164

Quality indicator adapted to EMR

Limitation to measurement in
primary care EMR

Domain Quality indicator | Numerator Denominator Time frame = Quality Indicator
definition
Influenza Percentage of Patients who Patients with 18 months Percentage of Does not capture flu vaccines that are
vaccination people with COPD | received the COPD who were people with COPD | administered in community
received who received an influenza not allergic to who received an pharmacies, walk-in clinics or other
influenza vaccine influenza vaccines influenza settings outside of primary care
immunization in vaccination in the | clinics unless it is manually recorded
the preceding flu last 18 months. in the EMR
season
Pneumococcal | Percentage of Patient who Patients with Any point Percentage of Criteria for recommendation of
vaccination people with COPD | received at COPD who were intime (in | people with COPD | revaccination after 5 years for 23-
received who received least one dose not allergic to the history | who received valent pneumococcal polysaccharide
pneumococcal of the pneumococcal of the chart) | pneumococcal vaccine (for immunocompromised
vaccination as per | pneumococcal  vaccines vaccination in the | persons, persons with functional or
latest guidelinesy. | vaccine history of the anatomic asplenia) as per latest
EMR. guidelines+ not considered
Smoking Percentage of Smoking status = Patients with Any point Smoking history Secondhand smoke exposure was not
assessment people with COPD | is recorded in COPD in time (in P recorded in a standard way and
R : ercentage of .
among non- who are non- the patients the history cople with COPD poorly documented. This QI was
smokers smokers, including | risk factors of the chart) peop adapted to apply to whether the

former smokers,
who were asked
about smoking
status and
secondhand smoke
exposure in the
last year
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who had their
smoking status
recorded in the
EMR.

smoking status was recorded for all
patients with COPD to determine the
rate of smoking assessment. The
timestamps for when changes to
smoking status occurred were poorly
documented, thus smoking history
was not limited to the previous year
as per the original QI.



Original quality indicators
(Gershon et al 2018)164

Quality indicator adapted to EMR

Limitation to measurement in
primary care EMR

Domain Quality indicator | Numerator Denominator Time frame = Quality Indicator
definition
Smoking Percentage of Smoking Patients with Any point Percentage of Patient's smoking history may not be
cessation people with COPD | cessation drugs = COPD with in time (in people with COPD | up-to-date and may have already quit
intervention who are current documented in | smoking history the history | whose last smoking; patient may be using over-
received smokers who medication list | recorded who are of the chart) | recorded smoking | the-counter smoking cessation
received a or smoking current smokers status is ‘current medication that is not recorded in the
smoking cessation | cessation/couns smoker’ who have | medication field; some smoking
intervention (e.g. elling claims a prescription for a | cessation drugs which are used for
counselling, (E079, K039, smoking cessation | other purposes, such as bupropion
pharmacotherapy) | QO042A or other drug or arecord of | used as anti-depression medication
in the last year claims labelled smoking cessation | were not included
'smoking counselling at any
cessation' or point in time in the
'smoking history of the chart
consulting’)
(refer to
Appendix E for
full list)
Spirometry to  Percentage of Patients who Patients with Any point Percentage of PFTs done prior to the patient
confirm people with COPD | had pulmonary = COPD in time (in people with COPD | records being electronized may be
diagnosis who had their function tests the history ~ who have a record | missing from the chart, as well as
diagnosis recorded in of the chart) = of a pulmonary PFTs ordered by a different physician

confirmed by post
bronchodilator
spirometry

their laboratory
results
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function test at in
the history of their
electronic medical
record.

at a different clinic and not
retroactively recorded.

The PFT results were not
standardized. The date of diagnosis
of COPD was not documented and it
was there was poor specification of if
the PFTs were post-bronchodilator
measurements.



Original quality indicators
(Gershon et al 2018)164

Quality indicator adapted to EMR

Limitation to measurement in
primary care EMR

Domain Quality indicator | Numerator Denominator Time frame = Quality Indicator
definition
Long-acting Percentage of Long-acting Patients with Any point Percentage of Medications prescribed by other
bronchodilato | people with bronchodilators COPD in time (in people with COPD | providers (e.g. specialists) that are
rs moderate to very in medication the history | (all levels of not recorded in the primary care
severe COPD who | list (long-acting of the chart) | severity) who have | EMR will be missing. No validated
were prescribed a | beta-agonist or a prescription for a | measure of COPD severity, therefore
long-acting beta- long-acting long-acting beta- the denominator included all stages
agonist or long- anticholinergic) agonist or long- of COPD.
acting acting
anticholinergic anticholinergic.
Short-acting Percentage of Short-acting Patients with Any point Percentage of Medications prescribed by other
anticholinergic people with anticholinergic =~ COPD in time (in people with COPD | providers (e.g. specialists) that are
bronchodilato = symptomatic bronchodilators the history  who have a not recorded in the primary care
rs COPD who were in medication of the chart) = prescription for a EMR will be missing. No validated
prescribed a short- | list (short- short-acting beta- | measure of COPD severity, therefore
acting beta-agonist | acting beta- agonist or short- the denominator included all stages
or short-acting agonist or acting of COPD.
anticholinergic short-acting anticholinergic
bronchodilator anticholinergic) bronchodilator
Combination Percentage of Combination Patients with Any point Percentage of Medications prescribed by other
inhaled people with inhaled COPD in time (in people with COPD | providers (e.g. specialists) that are
corticosteroids = moderate to very corticosteroids the history | who have a not recorded in the primary care
and long- severe COPD who | and long-acting of the chart) | prescription for EMR will be missing. No validated
acting had two or more bronchodilators combination measure of COPD severity, therefore
bronchodilato | exacerbations in in medication inhaled the denominator included all stages
rs the previous year list corticosteroid and | of COPD.
who were (combination long-acting
prescribed inhaled | inhaler; or bronchodilator
corticosteroids long-acting (combination
with long-acting bronchodilators inhaler; or long-
bronchodilators and a acting

corticosteroid
separately)
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bronchodilators




Original quality indicators
(Gershon et al 2018)164

Quality indicator adapted to EMR

Limitation to measurement in
primary care EMR

Domain Quality indicator | Numerator Denominator Time frame = Quality Indicator

definition
and a
corticosteroid)

Opioids Percentage of Opioids Patients with Any point Percentage of No validated measure of COPD
people with very prescribed COPD in time (in people with COPD | severity or intractable dyspnea,
severe COPD and | (ever) the history  who have a therefore the denominator included
intractable of the chart) = prescription for an | all stages of COPD.
dyspnea who were opioid
prescribed an
opioid

Long term Percentage of Oxygen Patients with Any point Percentage of No validated measure of COPD

oxygen people with severe | therapy isin COPD in time (in people with COPD | severity or arterial oxygen saturation

therapy COPD and/or an CPP and the history  who have a record | levels, therefore the denominator

(LTOT) oxygen saturation | treatments of the chart) | of oxygen therapy | included all stages of COPD.

assessment less than or equal at any point in
to 88% when their electronic
stable who are medical charts
assessed for LTOT

Pulmonary Percentage of Evidence of Patients with Any point Percentage of No validated measure of COPD

rehabilitation  eligible people Pulmonary COPD in time (in people with COPD | severity, therefore the denominator

referral with moderate to Rehabilitation the history ~ who have a record | included all stages of COPD.
severe COPD who | in consultation of the chart) = of pulmonary

have ever been
referred to a
multidisciplinary
pulmonary
rehabilitation
program meeting
current
standardized
guidelines

letters or in the

patient
cumulative

patient profile

rehabilitation at
any point in their
electronic medical
charts

Pulmonary rehabilitation referrals
made in a letter on paper and not
documented in the EMR.

False positive results are possible if
the search terms were part of a pre-
formatted ‘stamp’ used in the consult
notes but not actual referrals for the
patient.
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Appendix D

Description of Chronic Obstructive Pulmonary Disease Quality Indicators not

measured in the primary care Electronic Medical Record (EMR) and their limitations

Original quality indicator (Gershon et al. 2018)164

Domain

Quality indicator definition

Limitation to measurement in primary care EMR

Individualized
comprehensive
management plan

Recurrent
Hospitalization

Advance care
directives

Palliative care

Influenza vaccination
offered

Smoking cessation
success

Spirometry for case
finding

Inhaler device training

Percentage of people with COPD who had a current individualized
comprehensive management plan relevant to their stage of disease
based on annual clinical and psychosocial assessment

Percentage of people with COPD with two or more COPD-related
hospitalizations in the past year

Percentage of people with advanced COPD who discussed and had
documented health care directives (or advanced directives) and goals
of care with their health care professional

Percentage of people with advanced COPD, who received palliative
care that addressed their physical, social and emotional needs

Percentage of people with COPD who were offered an influenza
immunization in the preceding flu season

Percentage of people with COPD who had smoked and who quit
smoking for at least one month

Percent of people presenting with noncardiac exertional dyspnea,
chronic cough (=6 months) wheeze or two or more episodes per year
of bronchitis and/or COPD risk factors who received spirometry.

Percentage of people with COPD given a new inhaler, spacer, or
nebulizer who were trained by a qualified health care provider to use
the device
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Documentation of COPD management plans are not
documented in a consistent or standardized format in the
primary care EMR.

Hospitalization records are not well documented in the
primary care EMR.9

Documentation of advance care directives not recorded in
a consistent or structured format in the primary care.

Palliative care receipt is not documented in a consistent or
structured format in the primary care EMR.

Whether or not the influenza vaccine was ‘offered’ (but
not administered or refused by the patient) was not
consistently documented in the primary care EMR.

Timestamps for when the patient had begun smoking or
quit smoking were not consistently documented in the
primary care EMR. Only the last available smoking status
data was analyzed at the time of data collection

Currently no validated way of identifying non-cardiac
exertional dyspnea, chronic cough of greater than 6
months in the primary care EMR. We measured the rate of
spirometry receipt among all patients with COPD in a
related QI (spirometry to confirm diagnosis).

Inhaler device training not documented in a consistent or
structured format in the primary care EMR.



Original quality indicator (Gershon et al. 2018)164

Domain

Quality indicator definition

Limitation to measurement in primary care EMR

Long term oxygen
therapy use

Pulmonary
rehabilitation received

Pulmonary
rehabilitation program
maintenance

Pulmonary
rehabilitation access

Emergency
department visits

Hospital admissions

Hospital follow-up

Non-invasive
ventilation (NIV)
assessment and
delivery

Percentage of people with COPD who required oxygen+ received
long term oxygen therapy in the previous year

+Pa02 <=55mmHg or oxygen saturation <88%, or PaO2 56-
60mmHg with cor pulmonale, pulmonary hypertension, persistent
erythrocytosis, exercise limited by hypoxemia or nocturnal
hypoxemia

Percentage of eligible people with moderate to severe COPD who
have ever received a multidisciplinary pulmonary rehabilitation
program meeting current standardized guidelines

Percentage of eligible people with COPD who have completed a
multidisciplinary pulmonary rehabilitation program who are engaged
in a maintenance program that includes ongoing exercise education
and social support.

Percentage of eligible people with moderate to severe COPD who
have access to a multidisciplinary pulmonary rehabilitation program

Percentage of people with COPD seen in the emergency department
for COPD exacerbations in the last year

Percentage of people with COPD who were hospitalized for one or
more COPD exacerbations in the previous year

Percentage of people discharged from hospital or an emergency
room following a visit for COPD who were assessed by a healthcare
provider in the following 2 weeks

Percentage of people admitted to hospital with an exacerbation of
COPD and respiratory failure, who were promptly assessed for NIV,
and if indicated, for whom subsequent delivery was promptly
undertaken
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Oxygen saturation levels not well documented in the
primary care EMR.

Multidisciplinary pulmonary rehabilitation receipt not
documented in the primary care EMR.

Multidisciplinary pulmonary rehabilitation receipt not
documented in the primary care EMR.

Access to pulmonary rehabilitation not documented in the
primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations, and receipt of non-
invasive ventilation assessment receipt are not well
documented in the primary care EMR.
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Domain

Quality indicator definition

Limitation to measurement in primary care EMR

Pulmonary
rehabilitation after
acute exacerbation of
COPD

Hospital care

Appropriate discharge
from hospital

COPD Action Plan

Corticosteroids for
acute exacerbation

Antibiotics for acute
exacerbation

Percentage of people hospitalized for a COPD related exacerbation
who were considered for pulmonary rehabilitation within 4 weeks of
hospital discharge

Percentage of people with COPD admitted to hospital with an
exacerbation who were cared for by a respiratory team

Percentage of people with COPD admitted to hospital with an
exacerbation, who received appropriate discharge planning with
appropriate discharge support

Percentage of people with COPD and a previous exacerbation or
exacerbations who were given individualized written advice on early
recognition of future exacerbations and management strategies
(including appropriate provision of antibiotics and corticosteroids for
self-treatment at home) by a qualified health care professional.

Percentage of people with moderate to severe COPD and a previous
exacerbation or exacerbations who received systemic corticosteroids
during their last exacerbation

Percentage of people with a COPD exacerbation, defined by
presence of at least two of increased dyspnea, sputum production, or
sputum purulence, who received antibiotics during their last
exacerbation

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

Hospitalization records, including emergency department
visits for COPD exacerbations are not well documented in
the primary care EMR.

COPD Action Plans and hospitalization records, including
emergency department visits for COPD exacerbations are
not well documented in the primary care EMR.

No validated measure of COPD severity.

Acute COPD exacerbations not documented in the
primary care EMR. Justification for prescribing
medications not documented in the primary care EMR.

No validated measure of COPD severity.

Acute COPD exacerbations not documented in the
primary care EMR. Justification for prescribing
medications not documented in the primary care EMR

Note 1: COPD severity based on GOLD Grades for severity of airflow limitation in COPD patients with FEV1/FVC<0.70:
GOLD 1: Mild FEV1 > 80% predicted

GOLD 2: Moderate

50% < FEV1, < 80% predicted

GOLD 3: Severe30% < FEV1, < 50% predicted

GOLD 4: Very severe

FEV1 < 30% predicted

Note 2: A COPD-related hospitalization is defined as a hospitalization where a person’s COPD was a contributory cause (e.g. a hospitalization for an acute
exacerbation of COPD, pneumonia, acute decompensated heart failure)
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Appendix E  List of search terms used for chronic obstructive

pulmonary disease medication, therapy or counselling

Medication,
therapy or List of search terms
counselling

Short-acting Albuterol

beta-agonist Sandoz-salbutamol
Airomir
Alti-salbutamol
Apo-salvent
Neo-vent
Novo-salmol
Salbulin
Salbu*
Salamol
Ventodisk
Ventolin
Volmax
Terbutaline
Bricanyl
Fenoterol
Berotec
Pirbuterol
Procaterol
Pro-air
Orciprenaline
Alupent

Short-acting Ipratropium bromide
anticholinergic Atrovent (non-nasal)
bronchodilator Combivent
Albuterol sulfate
Sterinebs
Ipravent
Ipratrovent
Ipramol
Sabult*-iprat*

Long-acting Formoterol

beta-agonist Salmeterol
Indacaterol
Symbicort
Fenoterol
Duovent
Advair
Zenhale
Oxeze
Onbreze
Serevent
Bambuterol
Oxeol
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Medication,

therapy or List of search terms
counselling

Long-acting Bambec
beta-agonist Oix

(continued)

Perforomist

Long-acting
anticholinergic

Tiotropium bromide
Spiriva
Glycopyrolate Br
Seebri Breezhaler
Aclidinium Br
Tudorza Genuair

Combination
inhaled
corticosteroid
and long-acting
bronchodilator

Symbicort (AstraZeneca, Cambridge, UK)

Budesonide formoterol

Zenhale (Merck, Kenilworth, New Jersey, United States)

Fluticasone

Fluticasone vilanterol
Glycopyrrolate indacaterol
Aclidinium formoterol
Olodaterol tiotropium
Umeclidinium vilanterol
Fluticasone salmeterol
Budesonide formoterol

Corticosteroid

Beclomethasone
Budesonide
Ciclesonide
Fluticasone
Triamcinolone
QVAR
Pulmicort
Alvesco
Aristocort

Opioids

Aneleridine
Anilridine

Leritine

Codeine phosphate
Morphine
Meperidine
Oxycodone

Codeine sulph*
Hydromorphone h*
Propoxyphene
Dextro propoxyphene
Acetaminophen codeine
Tylenol w* codeine
Tylenol 3

Atasol 15
Leyopharnol

Acet acodeine
Codei* acet

ASA codeine

Acet oxyc*
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Medication,

therapy or List of search terms
counselling
Opioids Fentanyl transderm

(continued)

Fentanyl patch
Empracet
Oxycod acet
Endodan

Ratio codeine
Codeine contin
Novo propoxyn
Codeine asa
Oxyco asa
Propoxyn
Darvon
Dilaudid
Levorphanol
Levo dromoran
Demerol
Supeudol
(Note: opium, belladonna & opium, methadone were not included)

Oxygen therapy

02

Home oxygen
Portable oxygen
VitalAire

CPAP

Smoking
cessation drugs

Nicotine
Habitrol
Nic-assist
Nicoderm
Nicorette
Thrive
Nicotrol
Nicorelief
Varenicline
Champix

Smoking
cessation/counsel
ling claims:

Billing code EQ79: Initial discussion with the patient regarding smoking
cessation

Billing code K039: Smoking Cessation Follow-Up Visit

Billing code Q042A: Additional incentive payment for physicians who
provide a dedicated subsequent counselling session with their enrolled patients
who have committed to quit smoking

* signifies wildcard
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Appendix F  Qualitative study interview guide to study barriers

and facilitators for the uptake and use of EMR-based tools

Pre-interview

1.

o g bk~ w N

Greetings and introduction
Introduce the purpose of the interview
Explain the process and ask permission for recording
Receive questions and ensure confidentiality
Obtain informed consent
Collect clinical characteristic information
o Physician’s number of years in practice
o Clinic name and location
o Description of the clinic
= Size of clinic (number of patients)
= Number of physicians in the team (PT/FT)
= Listany allied health professionals who work with the team
= Presence of any IT support staff
o Number of years using EMR
o Number of years practicing at the clinic

Interview Objectives

1.

Gauge the level of advanced EMR use by the participant - determine if the participant is
using EMR custom forms or decision support tools.

Did they use the tool? Did they get training and access to installing and using the tools?
(Participation on webinar and videos from the research team)

3. Determine the physician’s understanding of the EMR tools being studied. [Coherence]

Determine their perspectives on desires or need for EMR tools for CKD quality
improvement. [Cognitive Participation]

Do they find the tools helpful? (If they haven’t used the tools yet, would they find the
tools helpful? What would make it helpful?)

How often do they use the tools? (How often do they use other advanced EMR tools?)
What was preventing them from installing and using the tools?

o Are they too busy?

o Are they interested in quality improvement?

o Are they familiar with advanced tools in their EMR?

175



o Is their organization/clinic supportive of QI initiatives and/or advanced EMR use?
[Collective Action]

8. What is their impression of the EMR tools for quality improvement?
Questions

1. Are you currently using decision support tools or custom forms in the EMR as a normal
part of your work?

a. NO: probe follow-up question to assess why they do not use them, and move to
the next question

b. YES: which ones and move on to the next question
2. Do you know about the CKD tools?

a. NO: (Show the screenshots, videos, or webinar materials) Do you think that such
tools could be helpful in your work? Go to Stream B

b. YES: What is the intention of the tool as you understand it? Go to Question 3
3. Have you used the CKD tools?

a. YES: move on to the Stream A

b. NO: move on to the Stream B
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) ion bank for the phvsici ho'l 1l |
Coherence

1. Can you describe your experience with the CKD tool?

a. Which tool have you used and for which of your patients?

2. Has sufficient training been provided to you to install or use the tool?

3. Do you see quality improvement as necessary for your CKD patients?

4. Do you feel that this CKD tool should be used in your work?
Cognitive Participation

5. How does CKD tool incorporate into your usual ways of working?

6. Do you see the benefits of the tool for your work? If so, how does it benefit your work?

7. What are the effects of using the tool in your practice? How does the tool affect the
nature of your own work?

a. How effective and useful is the tool?
b. Is the tool helpful for managing/documenting the treatment of your patients?
c. Does the tool detract you from your patient during the visit?

Collective Action

8. Have you ever spoken about this tool with other members of your team, are they
supportive of using the tool?

9. What was your role in implementation of the tool at your clinic? Are there key people
who drive implementation of the tool?

10. Is the use of EMR and the CKD tool adequately supported by your clinic?

a. Isthe EMR and the CKD tool supported by existing policies, management, and
staff at your clinic? Are there any resources to support the use of EMR and the
CKD tool? Is any supervision available for this type of work with advanced EMR

use?
Reflexive Monitoring
11. Do you use the tool to get feedback or improve your practice?
a. Have you modified your practice in response feedback from the tool?

12. Do you have any feedback or other comments about the tool? Are there any changes you
would like to see?
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Coherence
1.

2.
3.

Why have you not used the CKD tools? What has hindered you from installing or using
the tools in your EMR?

Do you use any advanced functions on the EMR including other tools or custom forms?
What do you use to hand out information to patients with CKD or AFib?

Cognitive Participation

4.
S.
6.

Do you see quality improvement initiatives as important for CKD patients?
Do you think CKD tool can be useful for quality improvement?

Do you find any design or technical concerns with these tools? (Show examples of tool
function)

Collective Action

7.

10.

11.

12.

13.

Could this work well within your current workflow, or would it disrupt your current
work?

Do you remember being offered training or help to install and use the CKD tool?
a. Did you watch the walkthroughs, videos, and tutorials?
Would further training help you to use CKD tool?

Do you find that using custom forms or EMR tools affects your work load, instead of
reducing or helping your work?

Do you find that there are any difficulties or lack of time to use such EMR tools like the
CKD tools?

Do you find that there is adequate and ongoing IT support for EMRs from your clinic and
staff?

How does your team go about introducing QI initiatives at your clinic, and are any of
them related to EMR use? Are there guidelines or policies that support the EMR/quality
improvement initiatives?

Reflexive Monitoring

14.

Do you have any feedback or other comments about the tool? Are there any changes you
would like to see?
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Appendix G

chronic kidney disease EMR tools

a Ontario Renal Network

Identification, Detection, and Management

of CKD in Primary Care

O Hypertersion

IDENTIFY

Ident fy catients in your practice with slevated risk of (KD basec on the fo lowing
C Cisbetes mod its

O Age 5075 with cardiovascular disease (CV

+CKD detection should te done in the
absece of acute i~tercumrent lliness _ow
eGFR lest mated Slomeruler Filtration
Rate] In such scenerios may rflect acute

«Test witn €GFR and wrine AC3 (Nbumn
1o Creatinine Fatio

*Note: eGFR caculaton needs to be

Interview support material and screenshots of

/

/_\
(@ ridney

\j Wise

Detect + Protect

DETECTY

F eGFR < 60mi/min/1.73m’, redeat tes:
in 3 manths, or so0%er | clinical concem
dictates (Le. asic cecine from previous

of urine ACF 2 3mg/mmol an Initial
testing, repeat 1 07 2 mose times over
the naxt 3 months (a2 least 2 out of 3

*Always consider revers ble cacses prior
10 te-testing (eg. recent reatments
with NSA Ds, recent use of contrast dye

acjusted for back pationts (vultply  €GFRIesul of very low eGFY -andom urine ACRs must ce elevated in  for diagnastic imaging, BPH/Urirary
kdney injury and require more apld  (GERoy121) crcer to be corsicerec abwormal) retenticn)
evaluation
I Results after 3 months. I Latest eGFR:50 Aug 262015
b

Lotest ACR: 15
+ 3 T
BoxA eGFR <30 or ACR> 60 Box3 eGFR 30-59 and/or ACR 3-60 BoxC eGFR260and ACR<3
« Patiert has CKD - Patient has CXD
- See Manzge bax be ow for management
~ Check urine 3-W dectolyzes
[ Folow eGFR & urine ACR every 6 months
T
1 £
l Work-up
 Zor low eGFR: Urine R+ M, CBC electiolytes, Ca, PC %, Abumir, PTH
|"- ot abuminurks: Urine 3+ W, dectrolytes.

« Patient does not have CXD

- Ra-tast annally for catients with diabetes less
frequenty otherwise. unless clinical circums-ances
dictate more frequent tes:ng

— Based on above parameters, cons der secking consultation
from nephrclogy

3

I IfeGrR stablefor 2 years,
[ tollow eGFR and urine

| ACRevery 12 months

« 2GR < 60 anc decline 2 Sm¥Vmin within € monchs (confinred on rapeat testing within 2 10 ¢ weeks, o~
« 2GR < 3001 ACR > 50, or

« 2GR < 45 anc srine ACR Setween 30 and 60 on  occasons, at ieast 3 montns agarnt

+ nabl ty tc achieve blood press.re "argets or

Signficart K+ discrcer, FEC casts o hematurie (> 20 FBC/pf)

M REFER TO NEPHROLOGIST whilewalting for consultation, see MANAGE bax below for management

-  &nm.

Implement measures to modify CV risk factors
- Utesty e modification, smaking cessaton

LU

Minimize further kidney injury
I~  possinle, avoid
zontrast, etc.

Implement measures to slow rate of CKD progression

rephrotoxing such a3 NSAIDs, IV anc intra-arterial [ B2 and RAAS blockace (repest creatining and potassium

GFR < 80/ I~ 2weeks aftar initiaticn of ACE o ARB usa):

[~ f cont-ast &s necessary, consider oral hycraticn, withholding di.retics [~ If with dabetes, target B2 < 130,80 ctherwise target 5P < 140/90

[~ Rederto Sick Day Medicatior List (se2 Evidence Surwrary) [ fwithdabetes and with AC > 3. start use of an ACEl or ARB as fist-ine

therapy. If BP aimady < 130780 use ACE| or ARB cautioushy, monitor ng

for signs and sy ptoms of hypotersion

[ i without clsbetes, ACR > 30 and 3P > 140/, stert use of a7 ACS of
A% as first-ine therapy

[~ Upid management for patients with CKD
[see g for futher details

~ W with dlabetes, age >18 — trest with a stetin™

- i withou: diabetes. age > 50 — trest with a statin®

- withou diabates. age * 8-49, has <rown coronary artery dissse, prior
stroke, o | 3-year Framingham risk >10% — trest wit a statin®

[~ For patients wth d abetes, taget HoAlc 1 aspropriste eval

(see (DA guidel nes)

“Contrsndications: sctve Iver dlasmia, hign #1013 “onsupton o §ragraacy Wome: wi
Chirtenrng poreyis shouk oy e 3 soatin d ers b v abis coriracrpbon

kidneywise.ca

Fage2ct3 |y

Figure G-1 Screenshot of electronic medical record tools for chronic kidney disease: custom
form for recommended identification, detection, and management of chronic kidney disease in
primary care based on the Ontario Renal Network’s KidneyWise Algorithm
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PATIENT HANDOUT FOR CKD

What is the function of the kidneys?

The kidneys have three main functions:

1) Clean the blood by 2) Regulate water and 3) Make hormones that
removing wastes. nutrients in the blood. regulate the body.

What is Chronic Kidney Disease?

Wa identified that you have chronic kidney disease (CKD). CKD occurs when your kidneys are no longer working fully. CKD
is identified by two types of tests. One is a blood test for creatinine to calculate your kidney function (eGFR). The other is a
test to detect protein in your urine to calculate an albumin-creatinine ratio (ACR).

CKD is a fairly common condition and most people are not affected by it. However, it is important to make some changes
10 your lifestyle to help prevent it from gertting worse.

What lifestyle changes should | be making ?

¥ Maintain o healthy diet (from the Living with Kigney Dizeaze Mangs! hitp://www kidney.ca/page.aspepic=384)
o Avoid foods with high sodium (sait)
(E.g. canned foods, fast food, processed meats, salty snacks.)

o Protein is an important nutrient, but you need to monitor how much protein you eat because it might be
hard for your kidneys to clear any excess protein from your body
(E.g. meat, fish, milk and eggs.)

v Exercise (from the Canadian Pryzical Activity Guigelines htzp://www.cse.ca/CMPiles/ Guideline /CSEP_Guicelines_Handbook ocf)

o Youare currently exercising minutes/week You should exercise at least 150
minutes/week (30 minutes a day, S days a week of moderate- to high-intensity exercise such as brisk
walking, bicycling, swimming).

V' Do not smoke
o Youare currently a _non-smoker . By not smoking, you are helping to promote healthier kidneys.

What medical changes should | be moking?

v Maedicotions to reduce your risk of heort disease
> People with CKD have a higher risk of heart disease. Medications called statins are recommended for

most patients with CKD.
v' Control blood pressure
o Your recent blood pr nt was 125/80 on Oct 22, 2014
*  Your target blood p < 140/90
o Even if your blood pressure is normal, medications called ACE-inhibitors or ARBs can help your CKD from
getting worse.

v Frequent blood and urine tests to monitor kidney function
o Blood tests for creatinine (eGFR) and urine tests for protein (ACR) can show how well your kidneys are

doing.
o Your last blood test result for creatinine (eGFR) = S0 on Oct 22, 2014
> Your last test result for urine protein (ACR) = 25 on Oct 22, 2014 shows
normal levels of protein in your urine.
o You should have a repeat test in 6 months to monitor the amount of protein in your uring
and how well your kidneys are working.,

v Receive flu voccine onnually
o Al patients with CKD should receive the flu vaccine every year to protect against the flu.
You have not received the flu shot this year

Figure G-2 Screenshot of electronic medical record tools for chronic kidney disease:
personalized educational patient handout with auto-populated fields based on patient records
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‘ 1. Indicator: Percentage of patients with risk 2. Indicator: Percentage of patients with risk

factors for CKD (diabetes, hypertension and/or factors for CKD (diabetes, hypertension and/or
IHD and age 60-75 as of load date) with an eGFR IHD and age 60-75 as of load date) with an ACR
‘ in the past 18 months. in the past 18 months.
R der Name: CKD Screening in High Risk Patients Reminder Name: CKD Screening with ACR in High Risk Patients
E d Glomerular Filt Rate [eGFR] months since Microalbumin/Creatinine Ratio [Microalbumin/Creatinine
latest >18 Ratio] months since latest > 18
and and
PROB/Problem List/Problem List contains dm PROB/Problem List/Problem List contains dm
or or
| PROB/Problem List/Problem List contains diabetes PROB/Problem List/Problem List contains diabetes
or or
‘ PROB/Problem List/Problem List contains 250 PROB/Problem List/Problem List contains 250
or or
PROB/Problem List/Problem List contains hypertension PROB/Problem List/Problem List contains hypertension
or or
PROB/Problem List/Problem List contains HTN PROB/Problem List/Problem List contains HTN
or or
PROB/Problem List/Problem List contains 401 PROB/Problem List/Problem List contains 401
or or
Age >= 60 Age >= 60
and and
Age <= 75 Age <= 75
and and
PROB/Problem List/Problem List contains 413 PROB/Problem List/Problem List contains 413
or or
PROB/Problem List/Problem List contains IHD PROB/Problem List/Problem List contains IHD 1

4. Indicator: Percentage of patients with an
initial eGFR<60 mL/min/1.73 m? with an ACR
conducted within six months.

3. Indicator: Percentage of patients with an
initial eGFR<60 mL/min/1.73 m?that are
followed by a repeat test within six months.

Note: We are not able to detect the initial eGFR
<60 mL/min/1.73 m? so this reminder looks for
the most recent eGFR<60 mL/min/1.73 m? and
attempts to determine if it is a follow up of a
previous abnormal, or a known CKD patient (as
documented in the CPP) and if not and there is
no recent ACR it will prompt for an ACR test to

Note: We are not able to detect the initial eGFR
<60 mL/min/1.73 m? so this reminder looks for
the most recent eGFR<60 mL/min/1.73 m? and
attempts to determine if it is a follow up of a
previous abnormal, or a known CKD patient (as
documented in the CPP) and if not it will prompt

for a repeat eGFR.
be performed.
Reminder Name: CKD —low eGFR follow up with eGFR
Estimated Glomerular Filtration Rate [¢GFR] number of times Reminder Name: CKD —low ¢GER follow up with ACR
done >0 Estimated Glomerular Filtration Rate [eGFR] number of times
and done >0
Estimated Glomerular Filtration Rate [eGFR] latest value < 60 Estimated Glomerular Filtration Rate [¢GER)] latest value < 60
and and
Estimated Glomerular Filtration Rate [¢GFR] months since Estimated Glomerular Filtration Rate [eGFR] months since
latest >= 6 latest >= 6
and and
PROB/Problem List/Problem List does not contain CKD PROB/Problem List/Problem List does not contain CKD
8 <60 - n i and

trtervention: Latest gQfR + 60 needs repeat Microalbumin/Creatinine Ratio [Microalbumin/Cr

Ratio] months since latest >= 6

Intervention: Latest éGFR <60 — needs ACR

!

Figure G-3 Screenshot of examples of electronic medical record tools for chronic kidney
disease: custom rules for built-in reminders in PS Suite EMR based on the chronic Kidney
disease quality of care indicators
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Figure G-4 Screenshot of examples of electronic medical record tools for chronic kidney
disease: System for Audit and Feedback to Improve caRE example of chronic kidney disease
performance report at the practice level - At target
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Figure G-5 Screenshot of examples of electronic medical record tools for chronic kidney
disease: System for Audit and Feedback to Improve caRE example of chronic kidney disease
performance report at the practice level - High risk
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Figure G-6 Screenshot of examples of electronic medical record tools for chronic kidney
disease: System for Audit and Feedback to Improve caRE example of chronic kidney disease
performance report at the practice level - Peer comparison
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Figure G-7 Screenshot of examples of electronic medical record tools for chronic kidney
disease: System for Audit and Feedback to Improve caRE example of chronic kidney disease
performance report at the practice level - patient specific feedback for chronic kidney disease
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Appendix H  Quality of care indicators for patients at risk for

chronic kidney disease or with stage 3 or greater chronic kidney

disease

At-Target:

Indicators for patients at risk for CKD

Percentage of patients with risk factors for CKD and an eGFR in the past 18 months

Percentage of patients with risk factors for CKD and an ACR in the past 18 months

Percentage of patients with an eGFR <60 mL/min/1.73 mz and another eGFR in £6 months
Percentage of patients with an eGFR <60 mL/min/1.73 m2 and an ACR in 6 months

Percentage of patients with diabetes and albuminuria with a prescription for an ACE inhibitor/ARB

Indicators for patients with stage 3+ CKD

Percentage of patients with an ACR in the past 18 months

Percentage of patients 50 to 80 years with a prescription for a statin

Percentage of patients with a BP recorded in the past 15 months

Percentage of patients with at least one BP measure in the past 15 months meeting BP targets
(<140/90 mm Hg for patients <80 years, <150/90 mm Hg for =80 years and <130/80 mm Hg for
patients with diabetes)

Percentage of patients <80 years with an eGFR <30 mL/ min/1.73 mz and who have been seen by a
nephrologist

Percentage of patients with CKD documented in the CPP

High-risk:
Indicators for patients at risk for CKD

Percentage of patients with risk factors for CKD and no eGFR in the past 24 months
Percentage of patients with risk factors for CKD and no ACR in the past 24 months
Percentage of patients with an eGFR <60mL/min/1.73 mz and no eGFR in £12 months
Percentage of patients with an eGFR <60 mL/min/1.73 mz and no ACR in £12 months
Percentage of patients with diabetes and albuminuria with no prescription for an ACE
inhibitor/ARB

Indicators for patients with stage 3+ CKD

Percentage of patients with no ACR in the past 24 months

Percentage of patients 50 to 80 years with no prescription for a statin

Percentage of patients with no BP recorded in the past 24 months

Percentage of patients with at least one BP measure in the past 15 months with BP >160/100 mm
Hg

Percentage of patients <80 years with an eGFR <30 mL/min/1.73 mz2 and who have not been seen
by a nephrologist

Percentage of patients with CKD not documented in the CPP

Percentage of patients with =1 prescription for NSAIDs

Percentage of patients with a prescription for an ACE inhibitor and ARB on the same day

Abbreviations: CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; ACR =
albumin to creatinine ratio; ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker;
BP = blood pressure; CPP = cumulative patient profile; NSAID = nonsteroidal anti-inflammatory drug.
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