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Abstract

Background: In addition to aspirin, angiotensin-converting enzyme inhibitors, statins, and lifestyle modification interventions,
novel pharmacological agents have been shown to reduce morbidity and mortality in atherosclerotic cardiovascular disease
patients, including new antithrombotics, antihyperglycemics, and lipid-modulating therapies. Despite their benefits, the uptake
of these guideline-directed therapies remains a challenge. There is a need to develop strategies to support knowledge translation
for the uptake of secondary prevention therapies.

Objective: The goal of this study was to test the feasibility and usability of Stratification and Optimization in Patients With
Cardiovascular Disease (STOP-CVD), a point-of-care application that was designed to facilitate knowledge translation by providing
individualized risk stratification and optimization guidance.

Methods: Using the REACH (Reduction of Atherothrombosis for Continued Health) Registry trial and predictive modeling
(which included 67,888 patients), we designed a free web-based secondary risk calculator. Based on demographic and comorbidity
profiles, the application was used to predict an individual’s 20-month risk of cardiovascular events and cardiovascular mortality
and provides a comparison to an age-matched control with an optimized cardiovascular risk profile to illustrate the modifiable
residual risk. Additionally, the application used the patient’s risk profile to provide specific guidance for possible therapeutic
interventions based on a novel algorithm. During an initial 3-month adoption phase, 1-time invitations were sent through email
and telephone to 240 physicians that refer to a regional cardiovascular clinic. After 3 months, a survey of user experience was
sent to all users. Following this, no further marketing of the application was performed. Google Analytics was collected
postimplementation from January 2021 to December 2021. These were used to tabulate the total number of distinct users and the
total number of monthly uses of the application.

Results: During the 1-year pilot, 47 of the 240 invited clinicians used the application 1573 times, an average of 131 times per
month, with sustained usage over time. All 24 postimplementation survey respondents confirmed that the application was
functional, easy to use, and useful.

Conclusions: This pilot suggests that the STOP-CVD application is feasible and usable, with high clinician satisfaction. This
tool can be easily scaled to support the uptake of guideline-directed medical therapy, which could improve clinical outcomes.
Future research will be focused on evaluating the impact of this tool on clinician management and patient outcomes.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) is a leading
cause of morbidity and mortality among adults in North America
[1,2]. Historically, guidelines have focused on a 3-pronged
approach with antithrombotic therapy, lipid-lowering therapy,
and antihypertensive therapy [1]. Despite this, there remains a
residual risk for cardiovascular events such as acute coronary
syndrome, congestive heart failure, and cardiovascular death
[3,4].

Recent landmark trials have resulted in a paradigm shift in the
management of patients with ASCVD [2]. The Canadian
Cardiovascular Society incorporated these into a recent guideline
on evidence-based secondary prevention [2]. In addition to usual
antithrombotic therapies, dual pathway inhibition with
vascular-dose rivaroxaban is recommended for patients with
polyvascular disease (defined as the presence of atherosclerosis
in 2 or more arterial beds, including coronary artery disease,
cerebrovascular disease, and peripheral arterial disease) [5]. In
addition to statin therapy, ezetimibe [6] and proprotein
convertase subtilisin/kexin type 9 inhibitors [7,8] are
recommended for patients with persistently elevated lipid levels.
For those with elevated triglycerides, icosapent ethyl [9] is also
recommended. Sodium glucose cotransporter-2 inhibitors
[10-12] and glucagon-like peptide-1 agonists [13,14] are also
indicated as oral hypoglycemic agents to reduce risk in diabetics
with ASCVD. Nonpharmacological interventions, including
smoking cessation [15], weight reduction, increased physical
activity, dietary changes, and stress and depression management,
remain vital [2]. Cardiac rehabilitation referrals are encouraged
[16].

Despite the established benefit of guideline-directed medical
therapy (GDMT), uptake of these therapies remains a challenge
in patients with ASCVD [17-20]. This results in worse clinical
outcomes for patients [21]. There is an urgent need to develop
strategies to support knowledge translation for the uptake of
GDMT.

To support this, our team developed a novel, easy-to-use,
point-of-care, provider-facing web-based application. The
primary aim of the Stratification and Optimization in Patients
With Cardiovascular Disease (STOP-CVD) application was to
stratify and optimize patients by incorporating a simplified
guideline-based algorithm of care based on patient
demographics. The purpose of this quality improvement (QI)
project is to demonstrate the feasibility and usability of this tool
among physicians providing care for patients with ASCVD.

Methods

Application Development
We developed a free, web-based application using PHP:
Hypertext Preprocessor. Google Analytics was integrated to
track usage. No individual user data was collected or stored.

The application was developed to be accessible on desktop and
mobile devices running all available operating systems.

Risk Calculator
The REACH (Reduction of Atherothrombosis for Continued
Health) Registry was a large cross-sectional study that included
67,888 patients with ASCVD in 44 countries [22]. Predictive
modeling identified key demographic and medical history factors
to estimate cardiovascular events and cardiovascular deaths at
20 months [23]. These include age, sex, current residence
location, smoking status, body mass index, and 1 or more of
the following (current and history of): (1) cardiovascular event
in the previous 12 months, (2) atrial fibrillation, (3) polyvascular
disease, (4) aspirin therapy, and (5) statin therapy.

Our team leveraged this to create an interactive risk calculator,
which was incorporated into the STOP-CVD application. Figure
S1 in Multimedia Appendix 1 displays a screenshot of the user
interface of the risk calculator. The application additionally
displays the risk of cardiovascular events and cardiovascular
death as a bar graph (Figure S2 in Multimedia Appendix 2). A
hypothetical patient with matched age, gender, and location
demographics with no additional risk factors is displayed by
the application in order to illustrate a patient’s potential
“intervenable risk” to target with optimal risk factor control (for
educational purposes).

Risk Factor Modification Algorithm
We developed an algorithm for the initiation of GDMT based
on a review of landmark clinical trials, systematic reviews, and
the 2020 Canadian Cardiovascular Society Secondary Prevention
guideline update [2]. To aid in visualization and use, the
algorithm was displayed graphically in a flowchart in the
STOP-CVD application (Figure S3 in Multimedia Appendix
3). This algorithm outlines the foundational therapies
recommended for all patients with ASCVD along with novel
therapies for risk factor optimization.

Based on an individual patient’s risk factors (identified in the
risk calculator portion of the STOP-CVD application),
personalized recommendations for additional therapies based
on the risk factor modification algorithm are provided by the
application. The indication, drug name, dosing (for
pharmacological therapies), and summary of the supporting
evidence are included (Figure S4 in Multimedia Appendix 4).
Citations and links to the primary literature sources are provided
as reference material.

Privacy and Security
No identifiable patient or clinician user information was used
or stored in the STOP-CVD application. There were no privacy
or security concerns identified for patients or clinicians.

Recruitment
The STOP-CVD application was implemented from the
Cambridge Cardiac Care Center (CCC), a tertiary cardiovascular
clinic in Cambridge, Ontario. It was soft-launched on the internet
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free of charge [24]. All physicians who referred patients to CCC
in 2020 were invited to use the STOP-CVD application to help
risk stratify and optimize their patients with ASCVD. The
specialties of referring physicians included family medicine,
internal medicine, emergency medicine, endocrinology, and
cardiology. One-time invitations were sent in January 2021
through email or telephone, depending on the preferred means
of communication by the referring physician. The website link
was also included in all consult notes sent to referring physicians
by physicians at CCC. No further marketing or reminders were
used.

Data Collection
Google Analytics was collected postimplementation from
January 2021 to December 2021. These were used to tabulate
the total number of distinct users and the total number of

monthly uses of the application. All physicians who referred
patients to CCC in 2020 were invited to complete a QI survey
3 months postintervention if they had used the application. This
survey was administered using their preferred means of
communication (email or telephone). The target population was
those physicians who had used the application to provide
feedback on their experience.

All respondents were asked 3 yes-or-no questions: (1) “Is the
application functional?” (2) “Is the application easy to use?”
(3) “Is the application useful?”. This 3-question survey was
designed to answer the “3 measures of usability:” effectiveness,
efficiency, and satisfaction, from the seminal book on usability
testing, Usability Evaluation in Industry [25]. Additional
qualitative feedback was solicited from all survey respondents.
No participant identifiers were collected. See Figure 1 for details
on study recruitment and data collection.

Figure 1. Flow diagram of the STOP-CVD application implementation and evaluation.

Evaluation of the Application
The feasibility and usability of this application were evaluated
through the RE-AIM (Reach, Effectiveness, Adoption,
Implementation, Maintenance) framework [12]. Reach and
adoption were assessed based on the number of unique users
and frequency of application use within the first 3 months.
Implementation was evaluated based on users’survey responses.
Maintenance was assessed based on sustained usage of the
application after the initial 3-month adoption phase. During the
9-month maintenance phase, physician users were not contacted
further about the application. Effectiveness was not assessed in
this study to maintain patient and physician confidentiality.

Ethical Considerations
The Ottawa Health Science Network Research Ethics Board
Research or Quality Improvement checklist was completed.
Based on these guidelines, this project was deemed to be a QI
project. As such, formal research ethics board approval was
deemed not to be necessary and was not obtained.

No identifiable patient or provider data was collected. All
aggregate analytic data collected was anonymous. Surveys were
anonymous and conducted on an invitation-only basis.

Results

Application Usage
The STOP-CVD application was launched on January 1, 2021.
A total of 240 physicians were invited to use the application;
47 unique clinicians used the application. Over the year of
implementation, the application was used 1573 times, an average
of 131 times per month. During the first 3 months (adoption
phase), the application was used for a total of 494 patients, an
average of 165 patients per month. Peak usage occurred in
March 2021, when it was used for 305 patients.

Over the subsequent 9 months (maintenance phase), the
application continued to be used 1079 times, an average of 120
patients per month. See Figure 2 for application usage data.
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Figure 2. Monthly usage of the Stratification and Optimization in Patients With Cardiovascular Disease (STOP-CVD) application 1 year post
implementation.

User Satisfaction and Feedback
A total of 24 physicians who used the STOP-CVD application
agreed to complete the brief postintervention survey. All
participants (24/24, 100%) answered “yes” to each of the 3
survey questions: (1) “Is the application functional?” (2) “Is the
application easy to use?” (3) “Is the application useful?”

Qualitative feedback was solicited from all survey respondents.
A total of 4 users provided qualitative statements. Users stated
that the application was “useful for discussions with patients,”
“helpful for optimizing patients,” and “similar to a mini
cardiology consult.”

One user suggested increased functionality: “It would be helpful
for the application to generate a report, which could be added
to a patient’s electronic medical record (EMR).” This feedback
was implemented after month 3 during the maintenance phase.
A printable report function was added to the application (though
no patient information was stored in the STOP-CVD
application).

Discussion

Principal Results
In this QI initiative, we designed and implemented a web-based
application that enables evidence-based risk stratification and
individualized guidance for the optimization of patients with
ASCVD. The STOP-CVD application provides a unique
opportunity to use technology to support simplified,
algorithm-based knowledge translation of guideline
recommendations among clinicians. This pilot project indicates
that such a tool is feasible to develop and implement among

clinicians. Surveys of clinicians 3 months postimplementation
unanimously suggest that the application was highly functional,
easy to use, and useful in their clinical practice. Qualitative
feedback was obtained and adopted by allowing clinicians to
print a report that could be uploaded into the patient’s EMR.
These are important findings as they confirm that point-of-care
applications aimed at clinicians have the potential to facilitate
knowledge translation and use of GDMT, thus improving patient
outcomes.

Comparison With Previous Work
This project seeks to address the significant care gaps among
patients with ASCVD. Large studies have demonstrated that
patients with known ASCVD are often not prescribed
appropriate secondary prevention therapy [26]. Retrospective
analysis of 1,489,745 American patients with ASCVD in the
National Cardiovascular Data Registry demonstrated that 9%
were not prescribed ASA, 20% were not prescribed statins, and
41% were not prescribed angiotensin-converting enzyme
inhibitor (ACE-I) or angiotensin receptor blocker (ARB) therapy
[26]. Even among patients with ASCVD appropriately
prescribed these foundational secondary prevention therapies
(antiplatelet therapies, statins, and ACE-I or ARB therapy), the
risk of morbidity and mortality remains elevated. A 2020
retrospective cohort study found that patients with
postmyocardial infarction (MI) prescribed dual antiplatelet
therapy, high-intensity statins, beta-blockers, and ACE-I or
ARB therapy had an adjusted hazard ratio of 1.15 for all-cause
mortality and 9.56 for hospitalization for MI when compared
to the general population [27]. The addition of novel risk factor
modification therapies, including antihyperglycemics, lipid
optimizing therapies, and dual pathway inhibition, has
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demonstrated a reduced risk of recurrent cardiovascular events
and mortality in multiple landmark clinical trials. Improved
uptake of these therapies may improve outcomes among patients
with ASCVD [2].

On review of the literature, 3 other tools for secondary risk
stratification of patients with established ASCVD were
identified: the SMART (Second Manifestations of Arterial
Disease) Risk Score [28], SMART-REACH Model [29], and
SMART2 Risk Score [30]. Additional tools exist for primary
prevention of ASCVD but would not be applicable in this
population. Similar to our application, each of these tools used
large studies to develop a risk calculator aimed at predicting
the risk of future ASCVD events and mortality. However, in
addition to a risk calculator, our application provides a
simplified algorithm based on risk factors to help clinicians
identify what treatments the patient should be initiated on, the
indication, dosing, and a summary of available evidence for
further reading. This functionality is not provided by other
ASCVD risk assessment tools.

There is no literature on the rates of uptake or usage of
physician-facing applications for ASCVD secondary prevention
or any other form of clinical prediction tool. Historically,
physician participation in QI initiatives has been shown to be
poor. A cross-sectional survey of Norwegian physicians showed
17% of physicians reported participating in QI during working
hours [31]. Among members of the American Board of Family
Medicine, 38% of physicians reported participation in a QI
activity over the previous year [32]. A total of 20% of
participants’ physicians were engaged with the STOP-CVD QI
initiative, which appears to be in line with typical physician
participation.

Although not assessed in this QI project, previous studies have
demonstrated improved GDMT uptake through clinician-facing
decision aids. A systematic review of 99 trials found that 70%
of physician education interventions improved physician
performance metrics [33]. Among studies examining secondary
prevention for ASCVD, there is also evidence of the benefit of
digital tools for physician education [34]. Vani et al
implemented a clinical decision support tool as a part of an
EMR and demonstrated an improvement in the prescription of
GDMT [34]. Taken together, these studies highlight the potential
for using digital tools such as the STOP-CVD application to
improve the prescription of GDMT and clinical outcomes.

Limitations
There are several limitations to this study. First, this is a
feasibility and usability study, and therefore no causal
conclusions can be derived. Second, no identifying information
was obtained, such as clinician demographics or specialty. Due
to this, we are unable to perform subgroup analyses of clinicians.

Those with a larger roster of patients with ASCVD may use the
tool more frequently, but for a smaller proportion of their
patients, given comfort with secondary prevention guidelines.
Nevertheless, this was a conscious decision to maximize
feasibility, usability, and security. Third, this study did not
evaluate physician knowledge, prescription practice, or patient
outcomes pre- and postintervention. While not the focus of this
study, future studies can build on the results of this study.

One limitation to adoption is that this tool currently operates as
a web-based application external to EMR. Placing this tool
within the EMR workflow as a clinical decision support tool
may help to increase adoption (as shown in previous studies)
[34]. We chose a web-based application design in order to
maximize accessibility to physicians practicing in a variety of
clinical environments (including outpatient clinics, which may
not use sophisticated EMR systems with clinical decision
support capabilities). The application was also optimized for
both desktops and mobile phones for ease of use and
convenience purposes.

It is important to recognize that volunteer bias and nonresponder
bias may affect the validity of our results. A subset of clinicians
who were invited (47 of 240) decided to participate in the study,
and just over half (24 of 47) completed the postintervention
survey. Nonetheless, there was sustained usage and
overwhelmingly positive responses by those who completed
the postintervention survey.

Despite these limitations, we accomplished the objectives of
this study, which were to demonstrate the feasibility and
usability of the STOP-CVD application among clinicians from
diverse clinical backgrounds providing care for patients with
ASCVD. Future research can build on the findings of this study
by using rigorous methodology to evaluate the impact of the
STOP-CVD tool on clinician knowledge, practice, and patient
outcomes.

Conclusions
Recent landmark trials have shifted the management paradigm
for patients with ASCVD. Despite their benefits, the uptake of
recommendations remains a challenge. The STOP-CVD
application is a novel, point-of-care, easy-to-use, provider-facing
web-based application that supports knowledge translation by
providing individualized risk factor stratification and
optimization guidance. This pilot project indicates that such a
tool is feasible to develop and implement among clinicians.
This tool can be easily scaled to support the uptake of GDMT,
which could improve clinical outcomes. Future research will
be focused on the evaluation of the impact of this tool in a
randomized, controlled setting. We hope to evaluate its impact
on physician and trainee knowledge, prescribing patterns, and
patient outcomes.
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