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ABSTRACT: The learning healthcare system uses health information
technology and the health data infrastructure to apply scientific evidence at
the point of clinical care while simultaneously collecting insights from that
care to promote innovation in optimal healthcare delivery and to fuel new
scientific discovery. To achieve these goals, the learning healthcare system
requires systematic redesign of the current healthcare system, focusing on
4 major domains: science and informatics, patient-clinician partnerships,
incentives, and development of a continuous learning culture. This
scientific statement provides an overview of how these learning healthcare
system domains can be realized in cardiovascular disease care. Current
cardiovascular disease care innovations in informatics, data uses, patient
engagement, continuous learning culture, and incentives are profiled. In
addition, recommendations for next steps for the development of a learning
healthcare system in cardiovascular care are presented.

H

ealth care has never been more complex. Clinicians and patients must make
decisions that integrate the continually evolving scientific evidence base with
hundreds of individual data points such as patients’ vital signs, symptoms,
comorbidities, medications, test results, and preferences. Furthermore, once these
decisions are made, little information is available about their impact, limiting the ability to learn from and ultimately improve care delivery. This inability of the healthcare
system to learn from its operation results in significant inefficiencies, substantial
costs, and suboptimal health outcomes.
The creation of a learning healthcare system (LHS) can potentially address these
issues. The LHS uses health information technology and the health data infrastructure to apply scientific evidence at the point of clinical care while simultaneously collecting insights from that care to promote innovation in optimal healthcare delivery
and to fuel new scientific discovery1,2 (Figure 1). Thus, the LHS enables rapid, iterative learning in which “evidence informs practice, and practice informs evidence.”1
In 2012, the National Academy of Medicine issued a report titled Best Care at Lower
Cost: The Path to Continuously Learning Health Care in America2 that outlined the
rationale and structure for the LHS.2 The authors argued that recent advances in
information processing and connectivity, healthcare organizational design, and reimbursement policies centered on quality rather than quantity of care provided the
necessary tools for the creation of the LHS. Accordingly, they called for systematic
redesign of the healthcare system, focusing on 4 major domains: science and informatics, patient-clinician partnerships, incentives, and development of a continuous
learning culture.
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Figure 1. Schematic of a learning
healthcare system.

Despite this road map, replacing the current healthcare system with the LHS is a massive task. To make
this more manageable, one approach is to implement
and evaluate the LHS concept in one aspect of clinical
medicine, using it as a “learning laboratory” environment
in which to refine its concepts. Then, lessons from this
experience can be extended to other aspects of medicine. Cardiovascular disease (CVD) care delivery, for a
variety of reasons, is well suited to serve as a model for
the LHS. First, CVD significantly affects the population:
It is a highly prevalent condition, affects all ages and
demographic groups, and is associated with significant
morbidity and mortality. Second, CVD is a costly disease
to manage for both the health system and the patients
themselves. Third, CVD care touches on multiple areas
of healthcare delivery, including prevention, diagnostics,
therapeutic procedures, and chronic disease management. This characteristic of CVD care is especially important because cardiology specialists often coordinate
efforts with other providers in prevention and chronic
disease management. LHS concepts speak to effective methods of care coordination, and this aspect of
CVD care can be informative to those efforts. Fourth, a
wealth of scientific evidence to inform clinical CVD care
and significant CVD care data collection efforts already
exist to inform practice innovation and research. Together, these characteristics of CVD care delivery make the
condition an informative model in which to translate LHS
concepts into action.
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

LHS CONCEPTS AND FRAMEWORK
The need for the LHS definition was motivated by the recognition that 2 imperatives, informational and value, mandate improving healthcare delivery in the United States (Figure 2).3 The first imperative, informational, arises from the
massive amount of clinical information healthcare providers
need to manage and the increasing complexity of the current healthcare system and the patients it serves. As a result, these characteristics prevent the effective absorption
and application of the right information to the right patient
at the right time. The second imperative, value, arises from
the recognition that healthcare value, defined as health
outcomes achieved per dollar spent, is suboptimal in the
current healthcare delivery system.4 Optimal health outcomes require high-quality care, which is often impeded by
incomplete information on both the best evidence and its
optimal application to individual patients. Similarly, optimal
healthcare costs require efficient healthcare delivery, which
is often impeded by duplication of efforts, misaligned incentives, and lack of cost transparency.
To respond to these imperatives, the LHS has 4 major
characteristics: effective use of science and informatics
to support optimal care delivery, engagement of effective
patient-clinician partnerships, alignment of healthcare delivery incentives to support the LHS goals, and development and maintenance of a continuous learning culture
(Figure 2). Moving from the current healthcare system to
these LHS characteristics will require a re-engineering of
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www.nap.edu/catalog/13444/best-care-atlower-cost-the-path-to-continuously-learning.
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Sciences.

Maddox et al

Figure 2. The imperatives and
characteristics of learning healthcare systems.

Modified from Best Care at Lower Cost:
The Path to Continuously Learning
Health Care in America.2 Reprinted with
permission from the National Academies
Press. Copyright © 2013, National
Academy of Sciences.
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multiple areas: digital capture of the patient experience
and real-time access to knowledge (ie, science and informatics); engaged and empowered patients, families, and
communities participating actively in clinical decision making with their providers (ie, patient-physician partnerships);
focus on the return on investment that care delivery provides (ie, incentives based on value and transparency); and
health systems with leadership committed to a continuous
learning culture and supportive system competencies.
The goal of this scientific statement is to provide an
overview of how these LHS characteristics can be realized in one particular area of clinical medicine: CVD care.
To this end, we explore how the LHS characteristics can
be applied to CVD care to realize the informational and
value imperatives outlined above. We also examine the
current CVD care innovations in science and informatics, patient-physician partnerships, continuous learning
cultures, and incentives. Finally, we provide recommendations for next steps and evaluation of the LHS development in CVD care. Our hope is that this statement will
provide a current snapshot of the LHS development in
CVD care and point to the next necessary steps needed
for its realization in the myriad health systems—hospitals, medical groups, accountable care organizations—
where CVD care occurs. We also hope this road map for
realizing the LHS concepts in CVD care will inform similar
efforts in the broader healthcare system.

clinical information available to providers and patients to
provide tailored insights into optimal care decisions and
delivery. These innovations in the availability and application of data, with tools such as predictive analytics, clinical
decision support (CDS), and other knowledge management systems, can accelerate the diffusion of evidence
to practice, identify gaps in care, and target interventions
to the appropriate populations. The LHS also systematically collects information about the care delivered and its
subsequent outcomes and uses it to inform innovation in
optimal healthcare delivery and to generate hypotheses
for new scientific discovery. For example, quantification
of patients’ unmet medical needs can suggest directions for subsequent research. In addition, candidates
for research studies can be rapidly identified in such a
system and, accompanied by automated enrollment and
informed consent processes, fuel a point-of-care clinical
research infrastructure that increases the speed and lowers the costs of conducting clinical research.5
Accordingly, the LHS requires a robust data infrastructure to provide real-time access to knowledge and digital capture of the care experience.2,6 This infrastructure
requires comprehensive data sources, thoughtful data
oversight, and appropriate data uses. In this section, we
describe the current state and examples of these data infrastructure domains in cardiovascular care, their current
limitations, and suggested next steps for development.

LHS SCIENCE AND INFORMATICS

Data Sources

In response to the informational imperative, the ideal LHS
collects, organizes, and analyzes the massive amount of

To achieve the LHS goals, data from the healthcare system are needed to determine whether the domains of
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EHR Data
The EHR is a key data source for the LHS for a variety
of reasons. First, EHR data are increasingly available as
a result of the promulgation of both inpatient and outpatient EHR systems across the United States. Recent estimates indicate that nearly 95% of hospitals and almost
62% of cardiology practices have an EHR.9–11 Second,
EHR data have the potential to provide much more detail
on patient-level encounters than administrative claims or
other data sources.12 Third, the immediate availability of
data possible with EHRs allows its real-time use in clinical
care, enabling point-of-care CDS, patient safety alerts,
and patient risk estimation. The timeliness of this data
also allows its frequent assessment to identify patientreported outcomes, candidates for clinical trial enrollment, and practice trends for various patient populations
(eg, practice, hospital, or community populations).13–17
Fourth, EHR data can feed clinical registry programs to
generate benchmarked quality and performance meaCirculation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

sures, with the caveat that this requires high-quality EHR
data.18–20 Finally, EHR data can be used in multicenter,
national, or international clinical research studies.21–23
Several examples exist of cardiology programs that
use EHR data to optimize clinical care. The Veterans Affairs (VA) healthcare system uses EHR data in its Clinical Assessment Reporting and Tracking (CART) cardiac
quality program to support clinical care in VA cardiac
catheterization laboratories.24,25 CART uses a software
application integrated within the VA’s EHR that uses
structured data fields to collect patient and procedural
information on all coronary procedures (ie, angiograms
and percutaneous coronary interventions) performed in
all VA cardiac catheterization laboratories nationally. It is
designed to allow the treating provider to enter data at
the point of care, allowing its immediate availability. Data
are then used to support a variety of quality and safety
initiatives. For example, one initiative actively detects
procedural complications, in real time, across the VA
system.26 All major complications undergo a peer review
by a national committee of interventional cardiologists,
allowing rapid adjudication and an ability to broadly
share quality improvement opportunities. Another initiative uses CART data to support point-of-care medical
device surveillance, allowing immediate device malfunction detection.27 Alerts are shared with the national VA
cardiac community and with the US Food and Drug Administration. Finally, the CART program is piloting pointof-care CDS to determine risks for periprocedural acute
kidney injury risk and bleeding.28 These insights will inform procedural risk assessments and encourage the
use of proven risk reduction strategies (eg, reduction in
contrast dose, radial artery access).
In addition to these EHR-based initiatives to support
clinical care, EHR-based data infrastructures have been
established to facilitate clinical research.21,23,29,30 Use of
EHR data for this purpose provides a unique opportunity
to address important questions that enhance the value
of healthcare delivery for all of its key stakeholders.31,32
Research infrastructures using EHR data include large,
publicly funded initiatives such as the National PatientCentered Clinical Research Network, public-private partnerships such as the High Value Healthcare Collaborative, and private initiatives such as Optum Labs.21,23,33 An
example of an EHR-based cardiovascular research initiative focused on generating new research insights is the
Cardiovascular Research Network.21 With support from
the National Institutes of Health, this research consortium combines EHR data from 15 geographically diverse
healthcare delivery systems that care for ≈11 million patients. A variety of data elements, including patient demographics, medical histories, treatments, and costs, were
mapped from each system and combined into a virtual
data warehouse that could be leveraged for large-scale
research studies. Their initial studies generated important insights about real-world hypertension recognition,
April 4, 2017
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high-quality care are being met. These domains, as defined by the National Academy of Medicine in their 2001
report, Crossing the Quality Chasm: A New Health System for the 21st Century, include effectiveness, safety,
timeliness, patient-centeredness, efficiency, and equity.7
In addition, data from areas relevant to cardiac health
outside the traditional structures of the healthcare delivery system such as patient-reported information and
environmental data are also necessary to provide full
“eyesight” into the various contributors to cardiovascular
health and disease. To achieve these goals, data availability and timeliness are critical.8 Without them, reliance
on real-time, point-of-care assessments such as CDS,
patient risk estimation, and some predictive analytic
models is impossible. Even data applications that do not
require immediate point-of-care data such as quality-ofcare benchmarking and tracking of quality improvement
interventions, longitudinal outcomes, and comparativeeffectiveness studies still benefit from real-time data
collection because timely data are essential to provide
actionable insights to patients, clinicians, performance
improvement personnel, healthcare administrative personnel, or other stakeholders.
Sources of data that capture the delivery of cardiovascular care are common and growing. Three important sources are electronic health records (EHRs), clinical registries, and administrative claims data. In addition
to these, data sources that collect patient and environmental information beyond that collected in the context
of the healthcare delivery system can provide unique
and complementary information to cardiovascular care.
Each data source has strengths and limitations but can,
especially in combination, begin to provide a comprehensive view of the patient care experience necessary
for the LHS.
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treatment, and control; warfarin adherence and adverse
clinical events in patients with atrial fibrillation (AF) and
venous thromboembolism (VTE); and implantable cardioverter-defibrillator use in primary prevention.34–37
Although the availability of EHR data has significant
potential for increasing the value of care in the LHS, a
number of existing challenges need to be addressed to
realize this value.38 These include missing data (particularly data that directly inform clinical care), erroneous
data, uninterpretable data, inconsistencies among providers and over time, and data stored in nonstructured
text notes.39 In addition, patients often receive care from
multiple providers using different and poorly integrated
EHR systems, thus making it difficult to completely track
patients across practices or systems. Furthermore,
critical clinical data are often recorded in unstructured,
narrative text, complicating its use in LHS applications.
Development of optimal EHR user interfaces is needed
to minimize the deleterious effects of “alert fatigue” and
other counterproductive effects of EHR-clinician interaction. In addition, effective user interfaces can improve
the ease and consistency of data entry, which simultaneously reduces user burden and decreases the amount
of unstructured, and potentially uninterpretable, data in
the EHR. Finally, there is a major need for rigorous EHR
evaluation and data optimization to ensure valid and usable information.40–42
In light of the potential and current limitations with EHR
data, several next steps could significantly enhance its
value. First, it would be ideal to create national data model and data storage standards to decrease the variability
and to increase the utility of EHR data.39,42 Second, EHR
information exchange, which allows health systems to access and share EHR data across organizational and geographic boundaries, needs continued enhancement and
dissemination to further increase the value of EHR data,
particularly among patients who move among different
healthcare systems.43 National survey data from 2014
indicate that progress is being made, with 76% of hospitals reporting that they exchange health information with
other hospitals, a 41% increase from 2008.44 However,
these efforts are fairly rudimentary in nature, relying on
first-generation technologies such as direct messaging
and query-based exchange, which are time-consuming
and not integrated into clinical workflow. Third, EHR data
by themselves may not be inclusive enough to conduct
meaningful research. Rather, the value of EHR data may
be realized when linked to other data sources such as
administrative claims data, patient-reported behaviors,
quantified-self data, and employer-based data. Finally, innovations in methods such as natural language processing are needed to reliably categorize the large amount
of unstructured data that currently exist in EHRs.45–47 As
these and other innovations occur, EHR data will occupy
a central role in generating meaningful knowledge in support of LHSs.
e830
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Clinical Registry Data
Clinical registries, defined as observational databases
of clinical conditions or therapies in which there are no
registry-mandated approaches to therapy and relatively
few inclusion or exclusion criteria, are another important source of data for the LHS.48 They provide perhaps
the most mature example of the “evidence informing
practice” and “practice informing evidence” promises of
the LHS. Clinical registries capture important information and events about specific conditions, procedures,
or populations and use that information to evaluate and
improve quality and outcomes.49 In most cases, data are
collected prospectively, following defined protocols that
adhere to standardized definitions of clinical variables
of interest. Aggregated data from the registries provide
nearly real-time information that allows providers to compare their performance with national benchmark data,
completing the cycle of improvement.
In cardiac care, established clinical registry programs
such as the American Heart Association’s Get With The
Guidelines (GWTG) programs, the Society of Thoracic
Surgeons database programs, and the American College of Cardiology National Cardiovascular Data Registry have been essential in quality-of-care benchmarking,
quality improvement interventions, longitudinal outcome
assessments, and comparative-effectiveness studies.18,19,50,51 For instance, GWTG-Stroke is a continuous
quality improvement program focused on patients hospitalized with stroke and transient ischemic attack. With
>3.6 million patient encounters across >1600 hospitals
nationwide since 2001, the registry has been credited
with contributing to sustained improvement in the use of
evidence-based care.52 Similarly, the GWTG-Heart Failure
program focuses on systems of care to improve quality
of care and outcomes for patients with heart failure (HF)
and has captured data on >1.1 million patient encounters in >450 hospitals in the United States. Findings concerning the underuse of evidence-based therapies and
the importance of early follow-up after discharge have
been used to promote improved care in participating
hospitals.53–55
Another example of using clinical registries to support care delivery is the American College of Cardiology’s Door-to-Balloon (D2B) initiative, which focused on
the process measure of timely primary percutaneous
coronary intervention for patients with ST-segment–elevation myocardial infarction.56 Although clinical practice
guidelines and performance measures had established
a standard of providing primary percutaneous coronary
intervention for patients with ST-segment–elevation myocardial infarction within 90 minutes of medical center
presentation (also known as door-to-balloon time), clinical registry data demonstrated variable D2B times in the
United States. In fact, in 2006, only 40% of hospitals had
D2B times <90 minutes.57 Using the registry data to idenCirculation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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conduct analyses to inform healthcare delivery. Continuing efforts to combine registries with these other data
sources appear to be the most fruitful way to maximize
their value in the LHS.

Administrative Claims Data
Administrative claims data, generated from healthcare
invoices to payers, are the most widely available data
in the US healthcare system. Similar to clinical registry
data, claims can be useful for assessing disease incidence, management, and outcomes. In addition, claims,
because they are tied to a payer rather than to a single EHR or clinical registry, are particularly valuable in
evaluating resource use across settings and tracking
episodes of care across time (eg, rehospitalization after
a procedure), thus providing important insights for hospitals, health systems, and payers. These insights can, in
turn, drive programs focused on improving care delivery
and outcomes.
A prominent example of using claims data to support
more efficient care is the Hospital Readmissions Reduction Program from the Centers for Medicare & Medicaid
Services. Analysis of Centers for Medicare & Medicaid
Services claims data demonstrated frequent rehospitalizations in the 30 days after admission for HF and acute
myocardial infarction,90 and rehospitalization rates were
highly variable across US hospitals. As a result, these
insights fueled both public reporting of 30-day rehospitalization measures and health policy changes that levied payment penalties on hospitals with excessively high
rehospitalization rates.91 These changes, in turn, led to
significant decreases in rehospitalization rates.92
Like all data sources, claims data have limitations.
First, data are dependent on accurate coding of clinical
conditions and events, which does not consistently occur. For example, different providers may have different
methods of coding encounters, which can limit interprovider comparability. In addition, consistent biases in coding such as “up-coding” can significantly impair the veracity of claims data insights. Nonetheless, International
Classification of Diseases codes have demonstrated accuracy in characterizing CVD conditions and care.93–95
Second, aspects of care that are important clinically
(such as patient preferences) but not relevant from a
financial reimbursement point of view are typically not
collected in these data. Third, the availability of claims
data is dependent on a reimbursable care episode occurring. As a result, clinical events and safety signals
that occur outside the delivery system are not detected.
Furthermore, as the United States moves increasingly
toward alternative payment models in which claims are
not generated for each service rendered such as bundled payments and some accountable care organization
programs, claims data may become less informative to
actual care delivery. Fourth, many patients switch payers
April 4, 2017
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tify these high-performing hospitals, investigators identified key processes of care associated with shorter D2B
times such as direct activation of cardiac catheterization
laboratory by the emergency department physician and
having a cardiologist at the hospital at all times.58 Armed
with this knowledge, the American College of Cardiology then launched the D2B initiative, in which >1100
hospitals committed to implementing the key processes
of care to lower D2B times. Using clinical registry data
to track progress, implementation teams led adoption
of the key processes and subsequently improved performance such that, by 2008, 75% of patients had D2B
times within 90 minutes.59 Furthermore, these improvements translated into significant and sustained improvements in patient outcomes, despite a large expansion
of the population of patients with ST-segment–elevation
myocardial infarction.60 Initial success also led to the
American Heart Association’s Mission Lifeline initiative,
promoting systems of care for patients with acute myocardial infarction to further coordinate the chain of survival for this acute cardiac condition.61
In addition to improving care, clinical registry data support the generation of clinical research and new scientific evidence. Research studies using registry data have
provided comprehensive insights into the prevelance of
cardiac conditions; demographic and clinical characteristics of patient populations; practice patterns; gaps in
guideline-recommended care; time trends in disease presentation, management, and outcomes; and hypothesisgenerating associations to inform prospective clinical trials.62 These and other important insights have occurred
in the hundreds of clinical research studies published
from the specialty society GWTG, Society of Thoracic
Surgeons, and National Cardiovascular Data Registry
programs, in addition to many more from health system
clinical registry programs of the VA, Cardiovascular Research Network, and others.34,36,63–88
As with EHRs, clinical registries have limitations.
There is often a time lag between care delivery and collection of data in a clinical registry, which can prevent
timely insights into and actions to improving care. In addition, data are often manually collected by human abstractors, which contributes to this time lag, can result
in transcription errors, and adds significant expense to
the collection process. Many registries are focused on
single conditions or treatments, limiting their ability to
assess the full care experience. Finally, many registries
have variable participation of their targeted patients and
health systems, which can undermine the representativeness of the registry.
Given these limitations, the next steps to improve the
utility of registries include using structured data capture
from the EHR to supplement, or in some cases, replace
the need for manual abstraction.89 In addition, clinical
registries should be linked to claims and other data
sources to expand the data infrastructure from which to

Maddox et al

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

during the course of their life, and few payers combine
their claims data. Thus, patients with multiple payers
over time cannot be consistently followed up, although
this is less of an issue for individuals >65 years of age
or otherwise qualifying for Medicare. Finally, claims data
often lack critical clinical details such as indications for
procedures, disease severity measures, and other clinical information necessary for accurate risk adjustment
and correct characterization of clinical outcomes.
As with EHRs and clinical registries, an important next
step to improve the utility of claims data is to combine
them with other data sources such as registries and
EHRs, which may fill the gaps that claims data have
in terms of rich clinical detail. In addition, many states
have established all-payer claims databases that allow a
more comprehensive assessment of both patients and
populations, and these efforts should be supported and
expanded. Finally, as reimbursement policies change to
compensate quality of care, rather than merely the occurrence of care, claims data should evolve in response
to provide a more comprehensive view of healthcare delivery.

Supplemental Data Sources
Although EHR, registry, and claims data are all essential
sources of care delivery information, they alone cannot
provide a comprehensive view of the various contributors
to a patient’s cardiac health, particularly those influences
that occur outside the setting of the healthcare delivery
system. Accordingly, the LHS will need to develop, integrate, and ultimately act on supplemental sources of
data that can provide important insights into untapped
aspects of patient health.
Broadly speaking, supplemental data sources can be
categorized into patient-reported data and environmental
data. Patient-reported data include information such as
health status (ie, symptoms, functional status, and quality of life)96 and physiological measures (eg, blood pressure, volume status), which can be collected through traditional methods of inquiry (eg, questionnaires) or newer
forms of data collection such as implantable medical devices (eg, CardioMEMs) and wearables (e.g. FitBit). Collecting and integrating information from these and other
domains can provide a more comprehensive assessment
of a patient’s cardiac health and potentially enhance the
ability of the LHS to proactively anticipate and react to
declines or improvements in cardiac health. However,
supplemental data sources are nascent, and substantial
work is needed to develop methods for collection, analysis, and use. Further details on patient-reported data are
presented in LHS Patient-Clinician Partnerships.
Similar to patient-reported data, environmental data
can complement more traditional data sources in characterizing influences on patients’ cardiac health. An example of environmental data is information about the
e832
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“built” environment where patients live, defined as the
man-made surroundings that provide the setting for human activity, including buildings, green space, water supply, food access, and other environmental elements.97
Although these data sources, like patient-reported sources, are nascent in healthcare applications, early examples of their collection and use in cardiac care exist. For
instance, the built environment can affect cardiac health
via ambient air pollution. This association was demonstrated by investigators who used data from the US
Environmental Protection Agency air quality monitoring
network to assess the relationship between coarse particular matter levels and cardiovascular hospitalizations
among 110 large urban US counties.98 Researchers
found that increased air pollution levels were associated
with higher rates of hospitalizations in elderly patients,
suggesting that actions such as counseling patients to
remain indoors during high-pollution days may have an
impact on overall cardiac health.
Other environmental data sources include economic
and political data that characterize societal influences
on cardiac health and social network data that describe
family, community, and other social influences on patients. For example, economic data on median income
levels of neighborhoods were correlated to various
cardiac outcomes such as receipt of coronary intervention after acute coronary syndrome,99,100 mortality after
myocardial infarction,99–101 mortality after stroke,102,103
and receipt of bystander cardiopulmonary resuscitation.104 Similarly, in social network data analyses, obesity was associated with the prevalence of obesity in
family and friends.105 These initial observations suggest
that economic and social influences outside the care
delivery system drive cardiac health outcomes and may
need direct action to maximize cardiac health, insights
that would not occur without the collection and integration of alternative data sources into the overall data infrastructure of the LHS.
Despite their promise, effective use of alternate data
sources will require overcoming a variety of barriers.
First, the systematic collection of this data is fragmented
and incomplete. Certain data sources such as Census
data are more likely to be incomplete in areas of lower
socioeconomic status, preventing insights and potential assistance for populations at higher risk for cardiac
disease.106 Second, integrating alternative data sources
with more traditional healthcare delivery data such as
EHR data will require proper patient matching and correlation with location and behaviors. Finally, generating
actionable insights from the combination of varied data
sources will require designing and testing interventions
suggested by observed associations such as those described above.
The potential that alternative data sources offer for
broadening the reach of data infrastructure in the LHS
to inform and optimize patients’ cardiac health is signifiCirculation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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cant and worthy of the necessary investment. The next
steps to develop these data sources should include partnerships with organizations that have data likely to be
informative to patient health (eg, social service organizations, environmental monitoring agencies). In addition,
support should be given to merge these data with more
traditional healthcare delivery data, to conduct analyses
to better understand the insights that these combined
data sets can provide about cardiac health and disease,
and to design innovative interventions (eg, extending
cardiac risk factor screening programs to social communities, providing proactive guidance about avoiding
environmental triggers in cardiac patients) to capitalize
on these insights.

Data Oversight

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

April 4, 2017

e833

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

Data oversight, which encompasses data governance,
regulation, privacy protection, and data security, has an
essential supporting function for the LHS data infrastructure, and it requires attention to maximize the LHS potential. Because the data infrastructure contains sensitive
health information about individual patients and patient
populations, “rules of the road” are needed to ensure
that data will be used for the common good, that transparency of governance functions and activities exists,
and that there is an overarching intent to protect privacy
and assure the security of data.
Although best practices for data oversight are not
standardized, general considerations include specifying the overall goals and intent of data use, governance
structures and processes, and privacy protections.6 One
example of specifying goals of data use is articulating
a mission statement such as “To foster data utility for
the common good, cultivating a bond of trust with the
public and between data-sharing entities to accelerate
collaborative progress towards the creation of a learning healthcare system.”6 Establishing a unifying goal can
provide guidance for governance and use and allow a
standard that can be regularly revisited to ensure fidelity
of the overarching mission of LHS. For example, such a
goal could guide access to the cardiovascular registries
outlined above (National Cardiovascular Data Registry,
GWTG, etc). Currently, organizations contributing to
these registries do not always have ready access to its
insights. Data use standards could ensure that healthcare systems have sufficient access to registry data to
support quality improvement and other LHS activities.
Governance structures for the LHS can take many
forms, and there is no clear advantage of one over the
other. For example, data use decisions and oversight
may be centralized under one governing body housed
in the leadership of the health system or decentralized
among a variety of entities that collectively contribute
data and leadership to the LHS. Similarly, the source of
governance authority may derive from a health system,

a governmental mandate, or the patient population under the care of the system. Regardless of the structure
or source of authority, it is important that governance
be clearly articulated and transparent to ensure accountability. Furthermore, effective governance will need to
maintain the trust of all participating entities. For example, protections should be established to ensure that one
healthcare system does not use LHS data to achieve
an unfair business advantage over another. In addition,
governance will be needed to adjudicate questions of
data ownership. Although health systems may wish to
commoditize their insights, it will be important to ensure
that this business interest does not supersede the LHS
goals.
As with all sensitive data, privacy protection is critical. However, because LHS data simultaneously serve
in clinical, operational, and research functions, the traditional forms of privacy protection, deidentification of
data and restriction of access, are not practicable or
even feasible. Accordingly, LHS data privacy needs to
balance 3 technical and human considerations: techniques for deidentification, trustworthiness of the recipient, and physical security on which the data will reside.
For example, text notes on patients being analyzed for
quality improvement opportunities may be able to be
only partially stripped of identifying information. As a result, to facilitate data acquisition and analysis, only those
members of the LHS who are entrusted with this kind
of data will be authorized to access the data, and they
must have a reasonably secure location for data storage
and analysis. Providing a balance between technical and
human factors in ensuring privacy is a departure from
the traditional research infrastructure (which generally
requires anonymization of patient data) but is necessary
to allow the effective use of data in service of LHS goals.
Similarly, regulatory frameworks that have traditionally governed clinical research will need adaptation to
the LHS structure.107 In the past, research and clinical
practices have been kept largely separate, primarily to
avoid “therapeutic misconception,” in which patients enrolled in clinical research may “…[fail] to appreciate the
difference between research and treatment.”108–110 As a
result, clinical research requires extensive regulation,
including institutional review board oversight, informed
consent, and HIPAA (Health Insurance Portability and
Accountability Act) requirements. In contrast, quality improvement activities aimed at improving processes or
patient management are generally exempted from these
activities, primarily because they generally address factors occurring at a local level and thus do not meet a key
criterion of clinical research: producing generalizable
knowledge.111 Because the LHS uses its data infrastructure to serve both clinical research and practice, synchronization of regulations and procedures will need to
occur in a way that balances the need for patient autonomy and awareness in the conduct of clinical research
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with the need to analyze data and generate actionable
insights in a timely manner. For example, one proposed
framework suggests that quality improvement activities
should be classified as routine and nonroutine practices,
with the nonroutine practices undergoing more comprehensive review by an institutional review board specially
trained in such research methodology and the potential
risks that it introduces to patients.112
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The comprehensive collection of health data is only the
first step in constructing the LHS. Analyzing and using
the data to tailor care for both individuals and populations, to study and improve methods of healthcare delivery, and to conduct clinical research is necessary to
realize the full potential of the LHS. Promising methods
are emerging to support all 3 of these objectives. Predictive analytics and CDS can assist in tailoring care to
individuals and populations. The developing field of quality improvement and implementation science can inform
innovations in healthcare delivery. Finally, EHR tools are
being developed to enable rapid screening of patients
for clinical trial eligibility and to assist in more efficient
clinical trial conduction.

Predictive Analytics
Predictive analytics is a broad term but generally means
the discovery and analysis of patterns in data to predict
populations, responses to treatments, or outcomes for
various disease states.13 As the LHS data infrastructure
continues to grow and mature, predictive analytic tools
will be fundamental in transforming these data into actionable insights.113 In addition, as mentioned above, as
new patient and environmental data sources become
available, predictive analytic techniques will be integral
in understanding how the aggregated information can
best be harnessed to determine the best approach to
maximizing both individual and population health.114 Finally, with the integration of predictive analytic tools into
EHRs, insights can be generated at the point of clinical care, allowing minute-by-minute assessments and
changes in clinical management to optimize care. All of
these predictive analytics applications serve to further
support the LHS science and informatics characteristic
that digitally captures and integrates patient information
to provide real-time access to clinical knowledge and
continual learning.
Innovations in predictive analytics in cardiovascular
care, often in conjunction with commercial technology
companies, are underway in both hospitalized and ambulatory patient settings. For example, in the hospital setting, commercial systems have been developed that use
computerized continuous monitoring of heart and respiratory rates in medical and surgical patients to predict
e834
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unexpected clinical deterioration.115 The system has a
piezoelectric motion detector, placed under the patient’s
mattress, that continuously monitors the patient’s heart
rate, respiration, and movement. This form of continuous, real-time data monitoring for intensive care unit patients resulted in shorter hospital lengths of stay, lower
code-blue rates, and shorter intensive care unit lengths
of stay compared with patients who received traditional
monitoring.
In the ambulatory arena, predictive analytics have
shown early promise in patients with advanced HF.15 Using an EHR-based software platform, investigators used
a predictive analytic model that identified patients with
HF at high risk for readmission. Patients identified as
high risk received an intensive set of evidence-based
interventions to reduce readmission such as case coordination and early follow-up appointments with both HF
specialists and primary care providers. At the completion
of the study, 30-day readmissions decreased by 25%
compared with a control group.15 Another example of
using both predictive analytics and a novel source of patient information in ambulatory cardiovascular care is the
aforementioned CardioMEMs HF system (St. Jude Medical, St. Paul, MN).116 The system consists of a pressure
sensor that is permanently implanted via cardiac catheterization into the pulmonary artery. The device communicates with an external data collection and processing
unit that transmits pulmonary artery pressure, pressure
waveforms, and heart rate data to a cloud-based secure
website, allowing early detection of worsening HF. In initial clinical trials of this device among patients with New
York Heart Association class III HF, patients with the device had a 37% reduction (P<0.0001) in HF hospitalizations over a mean follow-up of 15 months.116
Although these early examples are promising, a variety of innovations in predictive analytics are needed.
First, effective prediction is wholly reliant on the underlying quality of its data. Thus, there is a need for consistent care documentation, common data elements,
data interoperability, and capture of semistructured and
structured data to fully harness data necessary for effective predictive analytics.45,89,116–118 Second, emerging
data sources such as genomic information will require
organization in a manner that can be effectively applied
to analytics engines. Third, there is significant complexity in techniques that assess large amounts of data and
generate insights. Thus, rigorous methods of evaluating
and validating predictive analytic performance are needed. In addition, clinicians will need to become comfortable with a certain degree of “black box” methodology
in predictive analytics. Fourth, the techniques and methodologies of predictive algorithms, assessment scores,
visual representations, and other aspects of the analytics themselves need to be further developed so that systems provide the best representation of the information
to the appropriate individual in the right context and at
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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Clinical Decision Support
The fundamental purpose of collecting data and using
tools such as predictive analytics to generate insights is
to inform clinical action. However, the sheer amount of
information needed to tailor treatment decisions to individual patients is often overwhelming. As a result, there
has been considerable development of CDS programs
specific to CVD in recent years. Most of this progress
can be grouped into 3 categories: providing predictive
risk model information at the point of care; providing
point-of-order feedback and guidance on the appropriateness of diagnostic testing, treatments, and other
clinical care decisions; and tailoring clinical information
to specific patient needs at the point of care. Thoughtful development and use of CDS programs can respond
to the informational imperative of the LHS by organizing
information to provide the right care to the right patient
at the right time.
Use of empirically derived predictive models to guide
therapy in cardiovascular care is increasingly common.
Notable examples include the CHA2DS2-VASc120 score
for assessing the risk of thromboembolism in patients
with nonvalvular AF, the atherosclerotic cardiovascular
disease pooled cohort equations121,122 for estimating the
10-year and lifetime risks of sustaining a complication
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Table 1. Potential Applications for Predictive
Analytics in LHSs
High-cost patients

Identify patients early for intensive
treatment
Provide longitudinal case management
for those most likely to benefit

Anticipating readmissions

Identify patients at risk for readmission
early for resource deployment and
tailored interventions
Provide longitudinal follow-up and
monitoring

Patient triage

Identify patients at risk for acute
adverse outcomes
Assign them to the appropriate level
of care

Preventing clinical
decompensation

Identify inpatients at risk for
decompensation
Improve the signal-to-noise ratio for
clinical alerts to reduce alarm fatigue
Intervene to prevent adverse events

Predicting adverse clinical
events

Identify patients at risk for adverse
events such as acute kidney injury,
infection, or adverse drug events

Projecting the trajectory of
disease

Identify the time course of disease
progression
Improve the timing of therapeutics in
line with progression
Optimize treatment, particularly in
those diseases that affect multiple
organ systems and result in significant
morbidity

LHS indicates learning healthcare system.
Copyrighted and published by Project HOPE/Health Affairs as Bates
et al.13 The published article is archived and available online at www.
healthaffairs.org.

of atherosclerotic cardiovascular disease (death, myocardial infarction, stroke), the SYNTAX score123,124 for
quantitatively representing the complexity of multivessel coronary artery disease and predicting outcomes by
revascularization strategy, and the Society of Thoracic
Surgeons’ surgical risk calculator125–128 for estimating
morbidity and mortality after a variety of cardiothoracic
surgical procedures. However, despite their utility in clinical decision making, these scoring systems have not
been tightly integrated into EHR systems. Instead, data
must be manually entered into a dedicated app or Webbased tool. Then, clinicians must manually transcribe
data into the EHR if the data are to be retained as documentation. Lack of integration with clinical workflows,
coupled with the wide variety of data needed for accurate calculations, limits broader use except in relatively
specialized clinics.129–131
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the right time. Fifth, privacy and ethics issues unique
to predictive analytics will also need attention. For example, if predictive analytic algorithms recommended intervention on only a subset of patients, there may be an
ethical and legal basis to inform patients not selected for
the intervention of such a decision.16 Similarly, the optimal regulation of insights generated from predictive analytic algorithms will need definition, particular if they lead
to clinical action or inaction. Although the US Food and
Drug Administration has recently issued guidance on the
regulation of mobile medical devices, no such regulatory
structure currently exists for these insights, despite their
clear role in dictating health care for selected patients.119
Finally, in cases when predictive analytic tools are being
developed in conjunction with commercial companies, it
is important to ensure that effective regulation is in place
that strikes a balance between protecting patient needs
and encouraging innovation.
Although the field of predictive analytics is nascent,
opportunities for its use already exist. In a recent issue
of Health Affairs, Bates and colleagues13 outlined potential “use” cases for predictive analytics on the basis of
their ability to be performed on currently available EHR
data and potential for significant healthcare cost savings (Table 1). Adapting these cases to cardiovascular
conditions may represent a possible pathway for driving
the development of the infrastructure, technologies, and
resources necessary to accomplish and leverage predictive analytics in cardiovascular medicine.
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To address these limitations, the next phase in the
evolution of cardiovascular CDS is real-time, patient-specific risk prediction based on clinical data automatically
extracted from EHR and other health information technology systems. Unfortunately, tight integration between
real-time analytics and intervention to provide CDS is
more the exception than the rule. A 2011 review of 26
peer-reviewed risk prediction models for hospital readmission identified only 3 models that were integrated
into an EHR and designed to identify high-risk patients
in real time.16,132 One example is the implementation
of the previously described Parkland Heart Failure Readmission Risk Score into the EpicSystems EHR (Epic
Systems Corp, Verona, WI).133 This empirically derived
model estimates the likelihood of 30-day readmission after hospitalization for HF. It has been used to manage resource allocation, including intensive patient education,
multidisciplinary discharge planning, and accelerated
outpatient follow-up. Importantly, this application of CDS
was associated with a 27% adjusted relative reduction in
the rate of 30-day readmission.15
Another developing area for CDS is its use in guiding appropriate care; that is, care that meets guidelinebased standards codified into appropriate use criteria.
There have been early efforts in developing these programs in radiology, and there is increasing evidence that
similar point-of care systems may also increase appropriate and decrease inappropriate evaluations for ischemic heart disease134 and improve the diagnostic yield
of echocardiography.135 The utility of appropriate use criteria in diagnostic coronary angiography is less clear,136
although it may have some benefit in coronary revascularization.137 Several smartphone applications have been
developed that provide the clinician the opportunity to
access cardiovascular appropriate use criteria at the
bedside. For example, the American College of Cardiology launched the FOCUS program, which tracks appropriate use of cardiac imaging procedures and attempts
to improve them using a point-of-care CDS system, a
performance improvement process, and a learning community.138 Another example from the VA is the CART program, which uses both patient-reported anginal burden
with natural language processing–derived stress testing
information to guide appropriate use of elective percutaneous coronary intervention procedures.24 However, in
the absence of a regulatory mandate, widespread implementation and integration of cardiology appropriate use
assessment into EHR documentation workflows have yet
to be accomplished.
Although the role of CDS in prediction and appropriateness is important, the potential for CDS is arguably greatest in its ability to guide real-time management decisions
for patients by supplementing clinicians’ decision making
with the vast and growing data from medical research,
clinical guidelines, and empirical outcomes from patients
similar to the patient under treatment.139 However, such
e836
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CDS systems are still quite early in their development
lifecycle. Current examples include VTE prevention, dyslipidemia screening and treatment, and anticoagulation
in AF.140 One program, based at Brigham and Women’s
Hospital in Boston, used EHR data to identify patients at
high risk for VTE by their clinical risk factors and then
prompted clinicians to order VTE prophylaxis medications.141 As a result of the program, orders for medications increased by nearly 20%, the risk of symptomatic
VTE decreased by 41%, and no significant differences in
bleeding were observed. Another program focused on
optimizing anticoagulation in AF patients in Europe using
a computer-assisted CDS program.142 After implementation of the program, the time spent in therapeutic range
for patients on warfarin significantly improved.
Although these initial examples are encouraging,
effective CDS use in cardiovascular care will take continued innovation, particularly in its implementation and
incentives. Traditionally, successful CDS implementation has relied largely on comparisons of clinician behavior. For example, the effects of an appropriate use
criteria–related CDS application might be ascertained
by improvements in rates of both appropriate and inappropriate test orders before and after implementation.143
Although this metric is useful, additional components
must also be considered in the evaluation of the effectiveness of a CDS application.144 Specifically, an application must be evaluated to assess whether it activates on
the right patients at the right time at the intended point
in clinical workflows, whether it makes the correct recommendations based on available information, how and
why it affects provider decision-making behavior,145 and
its effects on patient outcomes; for example, whether
the patient underwent the appropriate test, received the
correct medication, or avoided an adverse event.146 In
addition, evaluation should track and analyze instances
in which reliance on CDS resulted in an adverse clinical
event so that CDS algorithms and use can be optimized
to ensure patient safety. Such evaluations require robust
reporting resources and analytics expertise. Furthermore, the development of truly integrated cardiovascular CDS applications using real-time patient data to
generate feedback to providers at the time of clinical
decision making within normal workflows remains the objective. Technical advances such as Health Level 7 Fast
Healthcare Interoperability Resources and the greater
availability of Web services should promote innovation in
this area in coming years.147,148
Similarly, incentives for CDS use need attention. Currently, the largest known effort is the Centers for Medicare & Medicaid Services EHR Meaningful Use Incentive
Program, which includes a foundational requirement that
certified EHR technologies include CDS functionality.149 In
the program, CDS is defined and qualified on the basis of
its relationship to a reportable clinical quality measure, as
specified by the program. For example, a Centers for MediCirculation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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From Greene et al.1 All rights reserved. Reprinted with the permission of the American College of Physicians. Copyright © 2012,
American College of Physicians.

care & Medicaid Services–qualifying CDS algorithm would
be one that prompts clinicians to consider aspirin therapy
in patients with coronary artery disease because a clinical
quality measure exists that reports the proportion of patients with coronary artery disease who are prescribed aspirin. Although this approach is restrictive in terms of what
qualifies as CDS, the linkage with clinical quality measure
reporting provides a focus for the development of the technical components still needed to automate useful CDS.

Quality Improvement and Healthcare Delivery
Evaluation
The LHS design, by its nature, allows efficient implementation and evaluation of quality improvement. Quality improvement efforts seek to assess the current state of
healthcare delivery and then make adjustments to those
processes to improve their delivery and associated outcomes. The LHS data infrastructure provides an ideal
platform to support these efforts because they require
collection and analysis of clinical data to assess both
clinical care and the impact of interventions.
One illustration of the LHS role in quality improvement
is the framework used by the Group Health Cooperative,
a nonprofit, integrated healthcare system providing care
and coverage to ≈650 000 people in Washington State.1
In the course of designing a patient-centered medical
home, researchers devised a methodological approach
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

that simultaneously informed quality improvement and
care redesign projects and provided insights into how
the LHS, with its data infrastructure and research methods embedded in real-world clinical settings, can provide
the technical tools and the culture to achieve transformational learning that benefits both clinical practice and
broader generalized knowledge (Figure 3).
Group Health’s approach consists of 6 elements,
modeled loosely on the well-articulated plan-do-study-act
cycle: internal and external scans, intervention design,
implementation, evaluation, iterative adjustment, and
dissemination.150 Internal scans identify gaps in care
that have significant impacts on patient outcomes and
are accompanied by external scans of the clinical and
health services research literature to identify potential
solutions. An intervention is then designed in conjunction with local stakeholders to ensure that it accounts for
contextual factors that affect care. Importantly, interventions use a pragmatic research design that balances the
need for rigorous evaluation with the rapid deployment
needed for operational needs. Accordingly, implementation of the intervention is generally accomplished with
the use of stepped approaches and concurrent controls
so that unanticipated contextual factors can be identified and incorporated, buy-in can be achieved from
stakeholders, and intervention effects can be separated
from secular trends in care and outcomes. Evaluation
with feedback, using real-time data, allows the assessApril 4, 2017
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Figure 3. The 6 phases of the rapid-learning healthcare system, from scanning to dissemination.
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ment of intended and unintended consequences of the
intervention, identifies those core components of the
intervention that are necessary for translation to other
settings, and provides “good enough” data to match the
pace of contemporary health care without waiting for
the staid pace of traditional research projects. Effective
evaluation also deploys methods such as randomization and independent data collection that can accurately
distinguish the impact of the intervention on improved
performance from improved documentation or other
Hawthorne effect influences. Iterative adjustment allows
continual modification of the intervention to account for
changing external factors and new information while preserving the core benefit of the intervention and allowing
its sustainability over time. Finally, dissemination of new
knowledge to other healthcare settings is essential. The
traditional forms of knowledge generation and sharing,
primarily peer-reviewed literature, are often too slow to
effectively inform ongoing healthcare delivery innovation. Therefore, it must be accompanied by other forms
of more rapid communication.
Several national examples of quality improvement initiatives for cardiac conditions provide insights into how
the LHS approaches illustrated by Group Health can have
meaningful impact. The American Heart Association’s
GWTG–Coronary Artery Disease program was developed
to address quality gaps in the secondary prevention management of hospitalized patients with CVD.151 In line with
the quality improvement execution concepts outlined
above, quality gaps in the secondary prevention management of cardiac patients were identified, and the best
evidence for their optimal treatment was derived from
the professional society guidelines. An intervention using
a Web-based patient management tool that provided data
entry, CDS, and provider feedback was developed and
pilot tested in 24 hospitals. After an evaluation of the
initial effort and iterative adjustment based on participant
feedback, the program was implemented nationally. In an
evaluation of the program, overall guideline adherence
among program participants improved significantly, albeit by a relatively modest 5%, and improvements persisted
over time.152,153 The GWTG–Coronary Artery Disease leadership team published these findings in the peer-reviewed
literature, but it also conducted a broad marketing and
recognition campaign for participating hospitals, allowing
dissemination of the impact of the program in multiple
channels.154 Building on this initial success, the American
Heart Association organized a variety of quality improvement programs under the GWTG umbrella and made significant improvements in the quality of care for patients
hospitalized for HF, stroke, and cardiac arrest.155–157

LHSs and Clinical Trials
In addition to supporting optimal clinical practice, the
LHS can support clinical research and evidence gene838
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eration. In particular, effective use of the real-time data
generated in LHS environments can identify potential
candidates for clinical study enrollment and increase efficiency in study execution.
Historically, the process for identifying eligible patients for clinical trials has been highly inefficient and
costly. In most cases, trial enrollment was dependent
on direct patient referrals from clinicians who were both
aware of the study and motivated enough to make referrals. Perhaps unsurprisingly, this rarely occurred. For
example, in a recent evaluation of a national US acute
coronary syndrome registry, researchers found that only
≈3% of patients eligible for clinical trials were actually
enrolled.64 Low enrollment rates increase trial costs by
prolonging the enrollment period and increasing the
number of sites needed to complete the trial. For example, in a Tufts University study, investigators found
that between 2000 and 2011 the average number of
procedures per trial protocol rose 60% and the number
of case report form pages per study nearly tripled.158
These inefficiencies are estimated to add between $4
to $6 billion to drug development costs. Furthermore,
low and inefficient enrollment in the United States contributed to increased movement of clinical trial conduct
to developing countries, adding challenges to the quality
of trial data, ethics concerns, and questions about trial
generalizability.159
These inefficiencies in trial enrollment can be improved with the use of the real-time data from EHRs and
other data sources inherent in the LHS. For example,
EHRs could allow site investigators to carry out detailed
patient queries to prospectively identify and enroll those
who meet trial inclusion and exclusion criteria. Similarly,
algorithms built on trial inclusion criteria could be integrated into EHRs and alert clinicians to the patient’s eligibility for clinical trials during the course of routine clinical
care. Once identified, these patients can be approached
for trial enrollment or even prospectively contacted to
determine their initial interest in the trial. Those interested can then be brought in for specific screening clinic
visits for efficient mass enrollment.
The LHS can also improve current inefficiencies in trial data collection and management. For example, sites
can use data from patients’ EHRs to automatically import
routinely collected clinical data items into a trial case
report form. Additionally, the EHR can facilitate protocol fidelity, helping sites with study order sets, follow-up
reminders, and other prompts for safety concerns. The
EHR can also support more efficient patient trial follow-up
and end-point determination. Specifically, once a patient
has consented to a given trial, clinical visits, medication
adherence, clinical outcomes, and other information
relevant to the trial can be accessed via the EHR. Finally, the LHS is well suited to support pragmatic clinical trials. Pragmatic trials are designed to evaluate the
effectiveness of interventions in real-life routine practice
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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LHS PATIENT-CLINICIAN PARTNERSHIPS
A fundamental component of the LHS is engaged, empowered patients and strong partnerships with their clinicians. Patients have a large role to play in the LHS by
providing important information on their health and the
various behaviors, environments, and interactions that
affect it. Provision of this information requires the same
data collection and distillation techniques described
above but with the added task of translating the insights
into a form understandable by and tailored for patients
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

to guide their actions in achieving and maintaining their
health. In particular, preference-sensitive medical decisions require consideration and integration of patients’
preferences and values, information that only patients
can provide.167,168 Ideally, this information will provide
useful guidance for patients’ health care and, ultimately,
health. As the value of this information is realized, it can
potentially incent healthcare systems to carefully listen
to their patients and patients to deeply engage with their
own health care to maximize their health. In this section,
we describe the current state of patient-generated information and patient use of the LHS data, their current
limitations, and suggested next steps for development.

Patient-Reported Information
Patient-reported information can enhance data generated from the healthcare delivery system, allowing a more
comprehensive view of patients’ health. Ideally, the information can provide further insights into factors associated with health and offer opportunities for its improvement. This information from and relevant to patients can
be gathered in a variety of ways. First, patient-reported
outcomes, which are reports of a patient’s health status
that are directly collected from patients through surveys
or other tools, are increasingly recognized as a fundamental component of healthcare delivery. A variety of
efforts have been made in determining the best methods
for patient-reported outcome collection and integration
into care.169–171 Second, biometric sensors that are integrated into wearable devices that many patients often
use such as wearable devices or health applications on
a smartphone are another promising area for focus. For
example, implantable cardiac devices can be leveraged
to provide extensive and frequent physiological monitoring. Third, the development of mobile and Web-based applications for patient engagement and self-management
also continues to increase. Although there continues to
be a need for better evidence of the impact of these applications, a number of innovations have been tested for
cardiovascular care. For example, Web-based delivery
of a virtual cardiac rehabilitation program was safe and
effective for CVD risk reduction.172 Similarly, mobile messaging was associated with greater physical activity and
weight loss.173 These early successes have prompted
the ongoing development of other mobile applications to
improve health-related behaviors such as smoking cessation and medication adherence. Fourth, online patient
portals through which patients can track their own data,
access their medical information, and communicate with
their healthcare providers are another potential source
for important information. Patient portals are in their infancy, but their use is on the rise. Typical uses include
tracking laboratory and biometric data, sending messages to providers, preparing for visits, requesting prescription refills, and reviewing a visit summary.174 The impact
April 4, 2017
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conditions.160 Therefore, the EHR can provide important
information about enrollees’ routine care and aggregate
the data to measure the impact of the trial intervention
on the targeted outcomes relative to the control group.
Examples of EHR-enabled trials in CVD are already
available. Investigators in Sweden used one of their
electronic data registries to successfully conduct a nationwide, randomized, clinical trial, TASTE (Thrombus
Aspiration in ST-Elevation Myocardial Infarction in Scandinavia).161,162 The TASTE trial used real-time, electronic
patient screening and point-of-care clinician prompts to
facilitate enrollment of nearly 60% of the patients eligible
for the study, with a substantial reduction in trial conduction costs. Similarly, investigators in the US Department
of Veterans Affairs are demonstrating the promise of
electronic patient screening and investigator prompting
to speed enrollment in a physical activity trial for overweight veterans.163 The Patient-Centered Outcomes Research Institute recently announced that it was designing
a trial that will screen EHRs of several health systems
(each with >1 million patients) to identify those eligible
for an aspirin dosing trial.164 Those individuals found to
be eligible will then be solicited by e-mail for potential
trial enrollment. Finally, investigators at Geisinger Health
System tested a multifaceted intervention to improve
physician performance in diabetes mellitus care.165 Using EHR-facilitated audit and feedback, computerized
reminders, and financial incentives, investigators demonstrated significant improvements in glucose control,
blood pressure control, and vaccination use among diabetic patients.
Despite many promising examples, challenges and
barriers to routine use of EHRs to assist with trial enrollment and conduction need attention. For example, although most US hospitals have adopted EHRs,10 there is
significant variability in the data elements collected, their
definitions, and the underlying data quality. Accordingly,
broad adoption of data standards, improved data quality, and other operational agreements for data sharing
and interoperability are needed. Another area of focus is
research regulatory oversight. Patient privacy concerns,
central institutional review board approval, and patient
safety monitoring parameters will need clarification and
refinement to allow EHR data to be used effectively.166
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of patient portals on health is largely unknown, but in
one report, use was associated with greater adherence
to statins and lower low-density lipoprotein levels.175 Together, these new technologies and new approaches
reveal a shift in our appreciation for the value of patientcollected data obtained outside the conventional clinic
setting. In addition, there is growing recognition among
funders that research into this area is needed. For example, the Patient-Centered Outcomes Research Institute is
taking important strides toward conducting major clinical research studies that are both patient-centered and
patient-powered and often involve collecting and using
patient-reported information.176
A variety of early initiatives that gather and use patientreported information in CVD have shown initial promise in
AF, medication adherence, hypertension, HF, and remote
monitoring of implantable cardioverter-defibrillators and
pacemakers. In AF, several studies have documented the
feasibility and accuracy of using sensors integrated into
smartphones to detect AF and pediatric tachyarrhythmias.177–179 For example, one company has developed
a microchip that can be easily embedded in common
cardiovascular medications to assist with medication adherence. When patients ingest medications, chips send
messages to smart phones and provide caregivers and
healthcare providers information to better understand
patient medication-taking activities and patient response
to medications. In the area of hypertension, home blood
pressure monitoring has demonstrated effectiveness in
identifying both masked hypertension (hypertension apparent only during home-based assessment) and whitecoat hypertension (hypertension apparent only during
office-based assessment).180 It has also facilitated more
effective blood pressure control than conventional care
with the use of both pharmacist-driven Internet-based
feedback181 and patient self-titration.182,183
In HF, remote monitoring has generally been found to
be useful and potentially cost-effective, although studies
are conflicting.184 For example, 5 multicenter, randomized studies of basic telemonitoring failed to improve
health outcomes compared with conventional care.185–189
However, the studies showed that patients were able to
effectively use the technologies for home measurement
of HF parameters,190 suggesting that such interactions
are feasible; future efforts should focus on identifying
the tools that can be most useful and the methods that
can optimize their potential. Taking telemonitoring one
step further, there has been a wealth of research investigating implantable cardiac devices in HF that measure
and transmit pulmonary or intracardiac pressures, some
of which have shown significant ability to improve HF
care and outcomes.191–195 Furthermore, when monitoring
is continuous rather than contingent on a patient activating a recording system, physicians, nurses, or even automated protocols can “learn” from these data reflecting
a patient’s volume status. Finally, in the case of implante840
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able cardioverter-defibrillators and pacemakers, the evidence is clear that remote monitoring of these devices
is safe196–198 and can even safely replace some in-person
visits. Despite concerns that the use of remote monitoring might drain the battery (leading to the need for more
frequent generator change procedures), it appears that
the energy efficiency that can be gained via relevant programming changes minimizes any excess battery use
that might occur.197,199 Furthermore, remote monitoring
can detect problems before they occur, preventing important outcomes such as inappropriate and appropriate
implantable cardioverter-defibrillator discharges,197,200
which can substantially adversely affect quality of life
and lead to significant healthcare use.
Despite these examples, it is important to recognize
that current gaps must be overcome before patientreported and patient-collected data can be effectively
integrated into patient care more broadly. Currently, our
ability to collect patient-reported data such as symptom
inventories, quality of life, and satisfaction and merge
this information into the healthcare encounter in an actionable format for care delivery remains limited. For example, patient satisfaction data are often collected by
systems that are independent of the LHS (eg, Avatar,
Press Ganey). Tools for collecting patient-reported medical and family history, quality-of-life metrics, or care preferences can be difficult to use with large EHR systems.
In addition, despite the increase in availability of wearable physiological monitors (eg, Apple Watch and Fitbit),
there is currently no generalized mechanism by which
these data can be imported into or leveraged in an LHS.
Although these nascent methods of collecting patientreported information are encouraging, many have significant barriers to their sustained adoption and thus usefulness to patient engagement in the LHS. Prior work from
HF telemonitoring trials describes potential barriers and
may help inform solutions to optimizing the collection and
use of patient-reported data.185–187,201 In one trial, 45%
of telemonitoring users abandoned it before the data
collection period was completed.201 When researchers
used a qualitative approach to learn why people failed
to participate or withdrew from telemonitoring studies,
3 barriers to adoption emerged.188 First, patients had
concerns about technical competence needed to operate equipment. When considering future needs, attention
must be given to the ease of operating device equipment
and applications without needing to deal with alarms and
warning messages. Second, telemonitoring provoked
threats to identity, independence, and self-care. Adults
with cardiovascular conditions wanted to be a person
with a condition, not a patient with ill health. Older adults
did not want to be reminded of age, sickness, and dependence; they wanted to be personally responsible for
maintaining their health and desired to be independent
for as long as possible. Thus, when considering future
needs related to patient engagement in LHSs, it will be
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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office visits, emergency care, hospitalization, quality of
life, psychological health status (anxiety or depression),
social isolation, and other metrics related to quality of
care and patient safety.

Patient Preferences and Values in the LHS
Much of the efforts in patient-reported information have
centered on the collection of biometric data with technology. However, collecting, understanding, and integrating
patient preferences and values is an essential element
of patient-reported information in the LHS. Capturing
patient preference in an electronic format has many advantages. Many healthcare treatments are preference
sensitive (eg, statin use in moderate-risk patients) and
thus require reliable assessment and incorporation into
medical decisions to provide the right care to the right
patient. Incorporating patient preferences into medical
decision making significantly enhances patient education and engagement with their care, which may lead to
greater overall satisfaction, self-management, resilience
in the face of side effects or other negative consequences of a treatment regimen, and adherence to treatment
plans.205–209 Furthermore, preferences are dynamic. The
considerations that drive a patient’s preference for a
therapy now may change over time as the patient’s circumstances and outlook evolve. An effective LHS needs
to be able to account for this dynamism. Finally, attention to patient preferences can identify new areas for
clinical research into the measurement, incorporation,
and effect of preferences on the various methods of
healthcare delivery and treatments.
Patient preferences and values also have a role in
medical decision making in patients with multiple medical conditions such as many CVD patients. There have
been recent calls for shifting the orientation of healthcare delivery away from a disease-centered construct
to a patient goals–centered one.210 Doing so would require elicitation of patient goals for their health and the
workload necessary to achieve it. For example, patients
would need to specify goals for functional status, symptom burden, life prolongation (often linked to specific life
events, eg, to see a child get married), well-being, and
ability to fulfill occupational or social roles. Patients and
their providers would then need to integrate these goals
with the workload required to achieve them such as
medication management, self-management tasks (eg,
physical therapy, monitoring blood pressure and weight),
healthcare use, procedures, and costs. Although the effort required to determine preferences and to design individualized care plans would be significant, preliminary
studies indicate that patients are more likely to identify
realistic goals after such a process and may achieve better subsequent health outcomes.211 A patient-centered
goal-identification approach is especially beneficial for
patients with multiple comorbidities because diseaseApril 4, 2017
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important use technology strategies, algorithms, and
interactive application features that promote activation
of self-care and autonomy in making decisions. Third,
telemonitoring caused undesirable disruption of existing healthcare services. Patients wished to maintain and
build the trusting relationships they developed with providers, and a third-party provider (information technology
personnel, nurse, or electronic avatar) may disrupt or interfere with ongoing services and relationships. Such discontinuity can increase patient and family stress. Other
challenges to the adoption of telemonitoring are the cost
of devices and services (especially if there are monthly
fees associated with monitoring), user perceptions of
therapeutic effectiveness, remembering to wear/use the
technology and to charge it when recharging is necessary, dealing with artifact, slow electronic processing of
data, and data transfer and Internet failures.202–204
Effective remote monitoring systems will require an
intuitive and reliable interface for adoption. Systems and
products must be simple to use (“plug and play”) and accurate, hold value over time, enhance patient-centeredness, promote 2-way communication between patients
and providers of care, and be driven by consumers. Furthermore, patients need to feel that the system or product delivers an exceptional experience, provides easy-tounderstand information, and “cares” about them in some
way; in the end, patients, not just providers, must derive
benefit from the health information. In addition, companies developing remote monitoring devices and services
meant to engage patients in care must understand that
there is a gap between recording information and changing behavior.202,203 Therapeutic effectiveness cannot
happen if patients do not desire to monitor themselves
closely, and even with close monitoring, creating enduring new habits is difficult.203 Finally, mobile devices may
have unintended psychological effects on patients that
may influence their use.202 More research is needed to
learn the best strategies for creating meaningful patient
engagement.
Finally, evaluation metrics are needed to determine
whether the effective adoption of patient-reported information into the LHS has occurred. These metrics include
both processes and outcomes. Processes might include
the level of engagement of patients with health data devices, measured as general or specific use (in hours,
days, weeks, or months); use when symptomatic and
asymptomatic; and use for communicating with family,
multiple healthcare providers, or local community agencies.174 Other processes metrics might include the level
of transmission of data to healthcare providers, evidence
of patient-driven communication with healthcare providers, and use among patients with known low health literacy, language barriers, and history of mild cognitive
decline or other social, economic, cultural, physical, or
psychological barriers. Outcomes surrounding LHS information and patient engagement could include unplanned
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centered recommendations can often conflict with other
disease-centered guidelines. Incorporating patient goals
assessment into patient decision making can identify
which of the relevant clinical guideline recommendations
are in line with the patient’s goals and potentially minimize conflicts.
There have been some preliminary efforts to incorporate patient goals and quality-of-life measures into an
overall framework of care. Notably, the Oregon Health
Plan, which provides benefits for Medicaid beneficiaries
in that state, assigned coverage for conditions based, in
part, on treatments that would contribute meaningfully
to patients’ quality of life.212 However, this plan is a rare
example of systematic integration of patient goals such
as quality of life into healthcare decisions but has had
some difficulty in execution.
Integrating patient preferences and values into LHS
processes has a variety of challenges. Significant issues
in measurement of patient preferences and values exist.213 These concepts are highly personal, and understanding the best methods for assessing them to allow
both comparisons with other patients and medical decision making is needed. Like health status, preferences
and values would need ongoing monitoring and updating
to account for their dynamic nature. Furthermore, integration of preferences that account for all medical conditions and decisions applicable to a given patient must be
developed, rather than simply a focus on a single condition. Finally, evaluation of the best methods that use
patient preferences in care decisions and their effects
on decisional quality, patient satisfaction, and health outcomes is needed.

Patient Engagement With the LHS
Once patient preferences and values are known, the
LHS needs to provide effective methods of integrating
this information and engaging patients in their care.
Patient engagement innovations have been stimulated
by research demonstrating that many treatment decisions are poorly aligned with patients’ goals, values, and
preferences for surgical or procedural innovations214,215
or end-of-life care.216 As a result, there has been early,
but promising, work in the area of incorporating patient
education and preferences into shared medical decision
making (SDM) in cardiac disease. SDM is a collaborative
process that allows patients and their providers to make
healthcare decisions together, combining the best scientific evidence available with the individual patient’s values
and preferences. For example, investigators at the Mayo
Clinic piloted a statin choice decision aid that resulted
in better patient understanding and statin adherence
rates.217 Similarly, SDM work has occurred in the use of
left ventricular assist devices in end-stage HF. Investigators developed a left ventricular assist device decision
aid that accurately characterized the multiple considere842
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ations patients face when contemplating a highly invasive procedure for a life-threatening illness that is now
undergoing acceptability testing.218,219 Finally, a number
of SDM tools focused on CVD care have been developed
and tested in the emergency department, inpatient, and
ambulatory settings.213,220,221 Existing tools include decision aids for management of acute chest pain, hyperlipidemia, hypertension, AF, coronary heart disease, and
congestive HF; however, although many tools have been
developed and tested locally, the broader implementation of these innovations into routine clinical practice has
been limited.220
To spread these innovations broadly, the Center for
Medicare & Medicaid Innovations has funded a number
of grants to implement SDM. For example, the Center
for Medicare & Medicaid Innovations released the Million Heart Cardiovascular Risk Reduction model to test
the effect of financially incentivizing providers to engage
patients in SDM for cardiovascular risk reduction.221 This
will be operationalized through providing individualized
cardiovascular risk to each patient and the benefits of
risk reduction strategies such as controlling blood pressure, taking daily aspirin, and stopping smoking. This
program has the potential to make cardiovascular innovations for SDM a reality for everyday practice and to allow patients to be engaged in decisions about their care.

LHS INCENTIVES AND CULTURE
Technology and data are necessary components of
the LHS. However, they are insufficient to achieve the
sustained and institutionalized improvements that bring
about true value in the LHS. An effective healthcare system is ultimately dependent on the people who make up
that system, people who have all the strengths and weaknesses that are part of human nature. Thus, a successful
LHS is one that harnesses the strengths and redirects
the weaknesses so that each individual and the system
as a whole achieve their maximum potential. The LHS
must overcome the comfort of established approaches
to care, historical organizational silos, competing motivations and priorities, and cognitive biases that impede
continuous performance improvement. Thus, aligned incentives and a culture of continuous learning with strong
leadership are necessary to channel the power of individuals to create the LHS. In this section, we describe
how the current incentive structure, particularly in regard
to reimbursement, affects the LHS. In addition, we describe the cultural and leadership elements necessary to
execute and sustain the LHS.

Incentives
A popular adage in the healthcare improvement world is
that “every system is perfectly designed to get the reCirculation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480
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Culture
The concepts of leadership and culture are intertwined
because leadership plays a major role in setting an organization’s culture by establishing the mission, vision,
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

and values and, perhaps more important, by selecting
the type of people who will work in the organization. In
aiming for a culture supportive of a LHS, certain enabling
features stand out. Bradley and colleagues224 examined
the factors associated with hospitals’ success in providing β-blockers after acute myocardial infarction. Four
factors associated with better hospital performance
were shared goals for improvement, substantial administrative support, strong physician leadership, and the use
of credible data feedback. All 4 elements are consistent
with a LHS.
As organizations seek to institutionalize continuous
process improvement and simultaneously support research, one challenging cultural element is the different
data needs and evaluation approaches between clinical
operations teams and research teams. Clinical quality
improvement teams implement rapid-cycle changes that
have practical uses of available data and that address
current clinical needs as quickly as possible. On the other hand, research teams seek greater standardization
and rigor for their data and analysis, often taking many
months to complete their projects. The LHS must sit
somewhere in between, effectively generating research
insights at operational speed. In a National Cancer Policy
Forum of the Institute of Medicine workshop, presenters
concluded by stating, “In generating evidence through a
rapid-learning system, it is important to match study design with the importance and complexity of the research
question, balancing rigor against the need to generate
timely generalizable evidence.”225 A successful LHS will
merge quality improvement and research cultures such
that both groups achieve their respective goals and
achieve a comfort level with the ongoing use of data and
evaluation.

Leadership
In their book On the Mend: Revolutionizing Healthcare
to Save Lives and Transform the Industry, Toussaint
and Gerard226 describe how the ThedaCare healthcare
system “learned that every medical act is a series of
steps that can be examined and improved.” Starting with
strong executive leadership led by Chief Executive Officer Toussaint, they created a system that incorporated
iterative cycles of performance improvement, resulting
in remarkable results for patients. For example, using
data to inform transformation, ThedaCare improved its
coronary artery bypass surgery mortality rate from ≈4%
to almost zero, decreased surgical length of stay from
6.3 to 4.9 days, and decreased costs by 22%. It is important to note that this improvement did not occur overnight. Rather, it took 7 years and required strong leaders
at every level of the organization.
One important aspect of leadership is the top of an
organizational hierarchy with its governing board members and managing officers. The board sets the misApril 4, 2017
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sults it gets.”222 Accordingly, if incentives are not aligned
with continuous and informed improvement, the LHS is
impossible. For example, in 1996, the National Committee for Quality Assurance established a performance
measure based on rates of prescribing β-blockers for
patients after a myocardial infarction, which employers could use to select health plans for their employees. With β-blocker use now directly linked to incentives
such as market forces and public reporting, healthcare
providers focused on improving β-blocker prescription
rates, often using the data-driven process improvement
strategies inherent in the LHS. By 2007, the use of βblockers after acute myocardial infarction had reached
such consistently high levels that the β-blocker performance measure was retired and no longer used to
evaluate managed care plans.223 Although the lack of a
control group and other design aspects of this program
limit our ability to fully understand the specific incentives
that drove the improvements in β-blocker use, its overall
impact provides a useful example of how incentives can
affect the LHS.
Lessons from this example and others fueled many of
the healthcare reforms of the 2010 Affordable Care Act
and its focus on value-based reimbursement. With the
subsequent passage of the Medicare Access and CHIP
Reauthorization Act, which expanded the financial reach
of Medicare’s value-based purchasing programs and
alternative payment models such as accountable care
organizations, reimbursement is becoming more aligned
with performance, resulting in more focus on data-driven
continuous learning approaches to evaluate and improve
care. In CVD, one prominent example of this strategy is
the previously described Million Hearts Model, which reimburses practices for reducing the aggregate cardiac
risk of their patients at highest risk for developing atherosclerotic CVD.221 As a result, it is expected that practices will deploy targeted process improvement strategies to target and treat these patients.
Incentive programs such as these are an essential
component of the organizational development of the
LHS. Going forward, a challenge within these systems
will be making the incentives broadly applicable to providers and other participants within the system. Questions of how much, to whom, and in what ways incentives are distributed will greatly affect how much buy-in
there is among physicians, nurses, and front-line staff.
Successful organizations will be ones that use the best
approaches to align incentives, at all levels, with the
objectives of using continuous learning to inform highquality organizational performance.
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Table 2.

LHS Action Steps and Evidence of Success by LHS Domain and Specific Component

LHS Domains
Science and
informatics

Specific
Component
EHRs

Clinical registries

Action Steps

Evidence of Success

Create standardized data models, data dictionaries,
and data storage protocols (OMOP common data
model, etc)

Data cross multiple healthcare settings in an
interpretable and actionable format

Increase interoperability of health data exchange
Collect and incorporate multiple data sources into
EHR data

Patient-reported data and other health-related
data are incorporated into the EHR and are part of
decision making

Improve data completeness and quality

EHR data are of research-grade quality

Integrate registry data collection in clinical workflow
(eg, EHR vendors develop templates to automatically
populate NCDR registries with EHR data)

Data are entered once via the EHR and then used
to populate registries

Link EHR, claims, and other data sources

Clinical registry data are of research-grade quality

Improve data completeness and quality
Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

Alternative data
sources

Identify health-relevant data sources for collection
and incorporation (eg, air pollution data)
Develop robust methods of collecting patientreported outcomes (eg, patient health status as
outlined by ICHOM)
Develop actionable insights from the combination
of traditional and alternative data sources (eg,
restricting outdoor activities in patients with HF
during high-pollution days)

Clinical assessment and care integrate traditional
healthcare system information with relevant and
complementary environmental and patient-reported
information
Data are automatically transferred to the EHR to be
available for clinical action and research

Improve collection methods of semistructured and
unstructured health-related data (eg, using NLP and
other collection methods)
Data oversight

Articulate data use goals for LHS purposes
Create a data oversight team that reviews data
for accuracy, completeness, currency (based on
national guidelines), and value to stakeholders

Predictive analytics

All participants in LHS understand the mission of
data collection and use
Data security and privacy are clear and consistent
across multiple use cases

Review and unify patient privacy regulations for data
use in both clinical performance and research activities

Data regulation does not impede generating
insights “at operational speed”

Identify effective methods for healthcare provider
input of data needs and issues

Data are trustworthy when used in clinical
performance and research activities

Develop reliable prediction models that balance
accuracy with generalizability (eg, likelihood of HF
readmission)

Predictive models will be incorporated into clinical
workflow, supporting risk prediction for individuals
and populations, and aligned with clinical actions
in response

Develop and validate advanced data mining methods
(eg, machine learning) to enhance model performance
Validate models over time, incorporating
longitudinal, dynamic data to account for real-time
population and treatment changes

Predictive models will improve patient safety by
anticipating adverse clinical events with sufficient
accuracy and timeliness to allow meaningful action

Develop optimal model output visualization and
integration into clinical workflow
CDS

Develop effective CDS tools that properly apply
relevant evidence to appropriate patients and
populations (eg, assessment of appropriate
discharge medications in post-MI patients)
Optimally integrate CDS tools in clinical workflows with
the appropriate patients and management questions

CDS tools are integrated with clinical data to
generate actionable insights for the right patient at
the right time
CDS tools are updated in a timely fashion as
evidence evolves

Evaluate CDS-assisted decisions on patient outcomes
(Continued )
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Table 2.

Continued

LHS Domains
Science and
informatics
Continued

Specific
Component
QI and healthcare
delivery evaluation

Action Steps
Develop sufficient and relevant data elements to
monitor and evaluate QI efforts
Establish QI teams and processes to support rapid
QI projects

Clinical trials and
minimal-risk,
prospective,
noncomparative,
clinical research

Develop mechanisms to implement successful
QI efforts into sustainable clinical operations and
deimplement inferior clinical processes

Clinical processes are continually evaluated for
optimal performance and, if not optimal, replaced
with processes that are empirically proven to be
superior

Organize EHR data to allow effective cohort
identification for clinical trial enrollment (eg,
enrollment in the ADAPTABLE trial)

Clinical trial participant identification, consent, and
randomization are embedded at the point-of-care
with EHR and other clinical data

Organize EHR data to support data collection efforts
during the conduct of clinical trials

Data elements collected during routine care are of
sufficient quality to simultaneously populate clinical
trial case report forms

Develop point-of-care patient consent and
randomization protocols
Patient-reported
information

Use validated, reliable tools or develop reliable tools
that are sensitive to measuring change over time
Develop acceptable user interfaces and uptake to
collect patient symptoms, quality of life, and other
patient-centered information

Patient-reported information is consistently
collected and incorporated into clinical
management

Incorporate patient-reported information into clinical
workflow to provide actionable insights
Develop data infrastructure that can handle
patient wearables or other remote data source and
incorporate into other health-related data
Demonstrate the incremental benefit of patientreported information on health outcomes
Patient values and
preferences

Patient use of LHS
information

Determine best methods of assessing patient
values and preferences with respect to health and
healthcare decisions

Patient values and preferences are systematically
gathered and periodically updated

Determine methods of incorporating patient values
and preferences into clinical decision making

Values and preferences are incorporated into SDM
discussions and tools, particularly in preferencesensitive scenarios

Determine the best methods of presenting LHS data
to patients in an understandable and usable format
(eg, Mayo Clinic’s Statin Choice Decision Aid)

Patients will engage with their health data to
understand their health, care management, and
personal actions that support it

Develop patient educational and engagement tools
that facilitate healthy behaviors and decisions

Patients will engage with the healthcare system to
provide input on clinical and research matters

Identify effective methods for patient input on
clinical decisions, healthcare delivery processes,
and research questions
Leadership,
culture, and
incentives

Leadership

Culture

Identify leadership practices that are associated
with supporting LHS development, execution,
upkeep, and expansion

Leaders will define and support LHS concepts as a
fundamental governing philosophy for healthcare
systems

Identify cultural components of systems that facilitate or
impede an orientation toward continuous learning

Healthcare systems will create and sustain a
culture of continual inquiry, clinical excellence, and
new evidence generation

Determine best methods of transmitting and
supporting culture components to support LHS
Determine best methods of engaging participants
in healthcare systems to contribute to and grow a
LHS culture

(Continued )
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Patient-clinician
partnerships

Evidence of Success
Guided by real-time clinical data, QI efforts are
designed, implemented, tested, and embedded in
an ongoing fashion

Maddox et al

Table 2.

Continued

LHS Domains
Leadership,
culture, and
incentives
Continued

Specific
Component
Incentives

Action Steps

Evidence of Success

Identify nonmonetary incentives (eg, public reporting)
that align with improved clinical performance and
minimal deleterious unintended consequences

Nonmonetary and monetary incentives will provide
positive motivation to support the concepts of LHS

Assess the impact of reimbursement and other
monetary-based incentives on clinical performance
and continuous inquiry by LHS

Data collection efforts will monitor for negative,
unintended consequences of incentive programs

ADAPTABLE indicates Aspirin Dosing: A Patient-Centric Trial Assessing Benefits and Long-Term Effectiveness; CDS, clinical decision support; EHR,
electronic health record; HF, heart failure; ICHOM, International Consortium of Health Outcomes Measurement; LHS, learning healthcare system; MI,
myocardial infarction; NCDR, National Cardiovascular Data Registry; NLP, natural language processing; OMOP, Observational Medical Outcomes Partnership;
QI, quality improvement; and SDM, shared decision making.
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sion, vision, values, and strategy that guide decisions
throughout the organizations, both big and small.227
These principles can translate to higher-performing
healthcare organizations. For instance, in a recent
study, hospitals with boards who had greater experience in quality had higher-performing management and
better quality of care.228
However, leaders at all levels of the organization, not
just the top, are critical to achieving an LHS. For example, leadership is often found with front-line employees of an organization, who may or may not hold formal management positions. An example might be a unit
clerk who keeps track of patient complaints and uses
that information to identify a problem and implement a
solution. Thus, senior leadership must partner with these
front-line leaders in examining current practices and outcomes, changing care delivery, evaluating the results,
and translating improvements into sustained activities. A
foundational step to ensure that leaders throughout the
organization are prepared for ongoing quality improvement is the appropriate training of middle managers. For
example, Kaiser Permanente healthcare system middle
managers undergo a 2-day interactive training session
on patient safety that uses a continuous learning cycle of
identifying and mitigating safety risks, redesigning care,
and preventing failures. In this manager training, Kaiser
instills the mindset that “learning and making changes
to minimize the chance of errors are the norm, not the
exception.”229
Another approach to activating leaders at all organizational levels is a technique known as rounding to influence. In this method, senior leaders use data to identify
a target for improvement and then round regularly with
front-line staff using real-time patients and an interactive
approach to educate staff about a clinical problem, to
learn from those staff members about barriers to improvement, and to collectively address barriers and
implement change.230 Through these rounds, data-driven
patient care problems are addressed at the point of care,
with clinical staff working with senior leadership to learn
from one another and achieve quality improvements.
e846
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CONCLUSIONS
The potential for LHSs to improve the quality and efficiency of health care is great. By attending to and developing each of the domains identified above—science and
informatics, patient-clinician partnerships, incentives, and
culture—information and action can be generated to drive
continuous learning, clinical excellence, optimal healthcare
delivery, and new evidence generation. In cardiovascular
care, multiple examples of the various domains exist and
underscore the potential for this area of medical care to
serve as a powerful learning laboratory for how LHSs can
be created, implemented, and sustained. Nonetheless,
much work remains to be done. Table 2 outlines the next
steps in each of the domains of an LHS, provides a picture
of what success would look like, and summarizes representative examples. The hope of this writing committee
is that these and other steps will provide a useful road
map for continued movement toward functional and vibrant LHSs in cardiovascular care and, by extension, other
aspects of health care. The informational, moral, and financial imperatives that motivated the Institute of Medicine
report Best Care at Lower Cost: The Path to Continuously
Learning Health Care in America2 are even more pressing
today, and our collective responsibility is to deliver the LHS
that meets the challenge.

FOOTNOTES
The American Heart Association makes every effort to avoid
any actual or potential conflicts of interest that may arise as a
result of an outside relationship or a personal, professional, or
business interest of a member of the writing panel. Specifically,
all members of the writing group are required to complete and
submit a Disclosure Questionnaire showing all such relationships
that might be perceived as real or potential conflicts of interest.
This statement was approved by the American Heart Association Science Advisory and Coordinating Committee on October 3, 2016, and the American Heart Association Executive
Committee on October 25, 2016. A copy of the document is
available at http://professional.heart.org/statements by using
either “Search for Guidelines & Statements” or the “Browse
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care
by Topic” area. To purchase additional reprints, call 843-2162533 or e-mail kelle.ramsay@wolterskluwer.com.
The American Heart Association requests that this document be cited as follows: Maddox TM, Albert NM, Borden
WB, Curtis LH, Ferguson TB Jr, Kao DP, Marcus GM, Peterson ED, Redberg R, Rumsfeld JS, Shah ND, Tcheng JE; on
behalf of the American Heart Association Council on Quality of Care and Outcomes Research; Council on Cardiovascular Disease in the Young; Council on Clinical Cardiology;
Council on Functional Genomics and Translational Biology;
and Stroke Council. The learning healthcare system and cardiovascular care: a scientific statement from the American
Heart Association. Circulation. 2017;135:e826–e857. doi:
10.1161/CIR.0000000000000480.

Expert peer review of AHA Scientific Statements is
conducted by the AHA Office of Science Operations. For
more on AHA statements and guidelines development,
visit http://professional.heart.org/statements. Select the
“Guidelines & Statements” drop-down menu, then click “Publication Development.”
Permissions: Multiple copies, modification, alteration, enhancement, and/or distribution of this document are not permitted without the express permission of the American Heart
Association. Instructions for obtaining permission are located at
http://www.heart.org/HEARTORG/General/Copyright-PermissionGuidelines_UCM_300404_Article.jsp. A link to the “Copyright
Permissions Request Form” appears on the right side of the page.
Circulation is available at http://circ.ahajournals.org.

DISCLOSURES
Writing Group Disclosures
Other
Speakers’
Research Bureau/
Expert Ownership
Support Honoraria Witness Interest

Consultant/
Advisory Board

Other

None

None

None

None

None

None

None

None

None

None

AHRQ*

None

None

None

None

None

None

None

None

None

None

None

None

None

None

University of Colorado
School of Medicine

Fogarty International
Center*; Centers for
Disease Control*;
University of Colorado
(Center for Fibrosis
Research and
Translation; Center for
Data-Driven Discovery
and Decisions*); AHRQ*;
AHA SFRN Heart Failure
Network*

None

None

None

None

None

None

University of
California, San
Francisco

Medtronic†

None

None

None

None

None

None

Duke University
Clinical Research
Institute

AstraZeneca†; Bayer
Corporation†; Janssen
Pharmaceuticals*;
Merck & Co.*; Daiichi
Sankyo*; Genentech*

None

None

None

None

AstraZeneca†;
Bayer Corporation†;
Boehringer
Ingelheim*; Janssen
Pharmaceuticals*;
Merck & Co.†;
Regeneron*;
Sanofi*; Valeant†;
Daiichi Sankyo*

None

Employment

Research Grant

VA Eastern Colorado
Health Care System/
University of Colorado
School of Medicine

None

None

None

None

Cleveland Clinic

None

None

None

George Washington
University

None

None

Duke University
Clinical Research
Institute

GlaxoSmithKline†;
Novartis†; Gilead†;
Boston Scientific†

T. Bruce
Ferguson, Jr

East Carolina Heart
Institute

David P. Kao

Gregory M.
Marcus

Thomas M.
Maddox

Nancy M. Albert
William B. Borden
Lesley H. Curtis

Eric D. Peterson

(Continued )
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

April 4, 2017

e847

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

Writing Group
Member

Maddox et al

Writing Group Disclosures Continued
Writing Group
Member

Other
Speakers’
Research Bureau/
Expert Ownership
Support Honoraria Witness Interest

Consultant/
Advisory Board

Other

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

None

Employment

Research Grant

University of California,
San Francisco

None

None

None

None

John S. Rumsfeld

University of
Colorado††

None

None

None

Nilay D. Shah

Mayo Clinic

None

None

Duke University
Medical Center

None

None

Rita Redberg

James E. Tcheng

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

This table represents the relationships of writing group members that may be perceived as actual or reasonably perceived conflicts of interest as
reported on the Disclosure Questionnaire, which all members of the writing group are required to complete and submit. A relationship is considered to be
“significant” if (a) the person receives $10 000 or more during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns
5% or more of the voting stock or share of the entity, or owns $10 000 or more of the fair market value of the entity. A relationship is considered to be
“modest” if it is less than “significant” under the preceding definition.
*Modest.
†Significant.
††Now employed at American College of Cardiology.

Reviewer Disclosures

Reviewer

Other
Speakers’
Research Bureau/
Expert Ownership
Support Honoraria Witness Interest

Consultant/
Advisory
Board

Employment

Research Grant

Hal Luft

Palo Alto Medical
Foundation Research
Institute

None

None

None

None

None

None

Palo Alto Medical
Foundation (PAMF
is functioning as a
learning healthcare
System, and I lead
the research unit
in PAMF that is
facilitating some of
that work)*

Wayne
Psek

George Washington
University

None

None

None

None

None

None

None

Massachusetts
General Hospital

Massachusetts
General Hospital
Executive Committee
on Research
(Foundation for
Medical Discovery
Award)†

None

None

None

None

New England
Comparative
Effectiveness
Public
Advisory
Council (New
England
CEPAC)*

Massachusetts
General Physicians
Organization
(assistant medical
director)†

Jason H.
Wasfy

Other

This table represents the relationships of reviewers that may be perceived as actual or reasonably perceived conflicts of interest as reported on the Disclosure
Questionnaire, which all reviewers are required to complete and submit. A relationship is considered to be “significant” if (a) the person receives $10 000 or more
during any 12-month period, or 5% or more of the person’s gross income; or (b) the person owns 5% or more of the voting stock or share of the entity, or owns
$10 000 or more of the fair market value of the entity. A relationship is considered to be “modest” if it is less than “significant” under the preceding definition.
*Modest.
†Significant.

e848

April 4, 2017

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care

REFERENCES

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

April 4, 2017

e849

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

1. Greene SM, Reid RJ, Larson EB. Implementing the learning health
system: from concept to action. Ann Intern Med. 2012;157:207–
210. doi: 10.7326/0003-4819-157-3-201208070-00012.
2. Smith MD, Institute of Medicine (US). Committee on the Learning Health Care System in America. Best Care at Lower Cost:
The Path to Continuously Learning Health Care in America.
Washington, DC: National Academies Press; 2013. https://
www.nap.edu/catalog/13444/best-care-at-lower-cost-the-pathto-continuously-learning. Accessed January 26, 2017.
3. Institute of Medicine (US) Roundtable on Evidence-Based Medicine. The Healthcare Imperative: Lowering Costs and Improving
Outcomes: Workshop Series Summary. Washington, DC: National
Academies Press; 2010. http://www.ncbi.nlm.nih.gov/books/
NBK53920/. Accessed August 17, 2016.
4. Porter ME. What is value in health care? N Engl J Med.
2010;363:2477–2481. doi: 10.1056/NEJMp1011024.
5. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S, Jeppsson A, Lagerqvist B, Lindahl B, Stenestrand U, Wallentin L. The
Swedish Web-system for enhancement and development of evidence-based care in heart disease evaluated according to recommended therapies (SWEDEHEART). Heart. 2010;96:1617–1621.
doi: 10.1136/hrt.2010.198804.
6. Digital Infrastructure for the Learning Health System: The Foundation for Continuous Improvement in Health and Health Care:
Workshop Series Summary. Washington, DC: National Academies
Press; 2011. http://www.nap.edu/catalog/12912. Accessed
March 5, 2016.
7. Institute of Medicine. Crossing the Quality Chasm: A New Health
System for the 21st Century. Washington, DC: National Academy
Press; 2001.
8. Byrd JB, Vigen R, Plomondon ME, Rumsfeld JS, Box TL, Fihn SD,
Maddox TM. Data quality of an electronic health record tool to support VA cardiac catheterization laboratory quality improvement:
the VA Clinical Assessment, Reporting, and Tracking System for
Cath Labs (CART) program. Am Heart J. 2013;165:434–440. doi:
10.1016/j.ahj.2012.12.009.
9. Grinspan ZM, Banerjee S, Kaushal R, Kern LM. Physician specialty
and variations in adoption of electronic health records. Appl Clin
Inform. 2013;4:225–240. doi: 10.4338/ACI-2013-02-RA-0015.
10. Adler-Milstein J, DesRoches CM, Kralovec P, Foster G, Worzala
C, Charles D, Searcy T, Jha AK. Electronic health record adoption in US hospitals: progress continues, but challenges persist.
Health Aff (Millwood). 2015;34:2174–2180. doi: 10.1377/hlthaff.
2015.0992.
11. Modern Healthcare. Hospitals near full EHR adoption rate; data
exchange still needs work. http://www.modernhealthcare.com/
article/20160531/NEWS/160539990. Accessed June 15, 2016.
12. Weiner MG, Embi PJ. Toward reuse of clinical data for research
and quality improvement: the end of the beginning? Ann Intern
Med. 2009;151:359–360.
13. Bates DW, Saria S, Ohno-Machado L, Shah A, Escobar G. Big data
in health care: using analytics to identify and manage high-risk and
high-cost patients. Health Aff (Millwood). 2014;33:1123–1131.
doi: 10.1377/hlthaff.2014.0041.
14. Amarasingham R, Velasco F, Xie B, Clark C, Ma Y, Zhang S, Bhat D,
Lucena B, Huesch M, Halm EA. Electronic medical record-based
multicondition models to predict the risk of 30 day readmission or
death among adult medicine patients: validation and comparison
to existing models. BMC Med Inform Decis Mak. 2015;15:39. doi:
10.1186/s12911-015-0162-6.
15. Amarasingham R, Moore BJ, Tabak YP, Drazner MH, Clark CA,
Zhang S, Reed WG, Swanson TS, Ma Y, Halm EA. An automated
model to identify heart failure patients at risk for 30-day readmission or death using electronic medical record data. Med Care.
2010;48:981–988. doi: 10.1097/MLR.0b013e3181ef60d9.

16. Amarasingham R, Patzer RE, Huesch M, Nguyen NQ, Xie B. Implementing electronic health care predictive analytics: considerations
and challenges. Health Aff (Millwood). 2014;33:1148–1154. doi:
10.1377/hlthaff.2014.0352.
17. Fihn SD, Francis J, Clancy C, Nielson C, Nelson K, Rumsfeld J,
Cullen T, Bates J, Graham GL. Insights from advanced analytics at the Veterans Health Administration. Health Aff (Millwood).
2014;33:1203–1211. doi: 10.1377/hlthaff.2014.0054.
18. Brindis RG, Fitzgerald S, Anderson HV, Shaw RE, Weintraub WS,
Williams JF. The American College of Cardiology-National Cardiovascular Data Registry (ACC-NCDR): building a national clinical
data repository. J Am Coll Cardiol. 2001;37:2240–2245.
19. Messenger JC, Ho KK, Young CH, Slattery LE, Draoui JC, Curtis JP, Dehmer GJ, Grover FL, Mirro MJ, Reynolds MR, Rokos
IC, Spertus JA, Wang TY, Winston SA, Rumsfeld JS, Masoudi
FA; NCDR Science and Quality Oversight Committee Data
Quality Workgroup. The National Cardiovascular Data Registry
(NCDR) Data Quality Brief: the NCDR Data Quality Program in
2012. J Am Coll Cardiol. 2012;60:1484–1488. doi: 10.1016/j.
jacc.2012.07.020.
20. Masoudi FA, Ponirakis A, Yeh RW, Maddox TM, Beachy J, Casale
PN, Curtis JP, De Lemos J, Fonarow G, Heidenreich P, Koutras
C, Kremers M, Messenger J, Moussa I, Oetgen WJ, Roe MT,
Rosenfield K, Shields TP Jr, Spertus JA, Wei J, White C, Young
CH, Rumsfeld JS. Cardiovascular care facts: a report from the
national cardiovascular data registry: 2011. J Am Coll Cardiol.
2013;62:1931–1947. doi: 10.1016/j.jacc.2013.05.099.
21. Curtis LH, Brown J, Platt R. Four health data networks illustrate
the potential for a shared national multipurpose big-data network.
Health Aff (Millwood). 2014;33:1178–1186. doi: 10.1377/
hlthaff.2014.0121.
22. Go AS, Magid DJ, Wells B, Sung SH, Cassidy-Bushrow AE, Greenlee RT, Langer RD, Lieu TA, Margolis KL, Masoudi FA, McNeal
CJ, Murata GH, Newton KM, Novotny R, Reynolds K, Roblin DW,
Smith DH, Vupputuri S, White RE, Olson J, Rumsfeld JS, Gurwitz
JH. The Cardiovascular Research Network: a new paradigm for
cardiovascular quality and outcomes research. Circ Cardiovasc
Qual Outcomes. 2008;1:138–147. doi: 10.1161/CIRCOUTCOMES.
108.801654.
23. Wallace PJ, Shah ND, Dennen T, Bleicher PA, Bleicher PD, Crown
WH. Optum Labs: building a novel node in the learning health care
system [published correction appears in Health Aff (Millwood).
2014;33:1703]. Health Aff (Millwood). 2014;33:1187–1194. doi:
10.1377/hlthaff.2014.0038.
24. Maddox TM, Plomondon ME, Petrich M, Tsai TT, Gethoffer H,
Noonan G, Gillespie B, Box T, Fihn SD, Jesse RL, Rumsfeld JS. A
national clinical quality program for Veterans Affairs catheterization laboratories (from the Veterans Affairs clinical assessment,
reporting, and tracking program). Am J Cardiol. 2014;114:1750–
1757. doi: 10.1016/j.amjcard.2014.08.045.
25. Box TL, McDonell M, Helfrich CD, Jesse RL, Fihn SD, Rumsfeld JS.
Strategies from a nationwide health information technology implementation: the VA CART story. J Gen Intern Med. 2010;25(suppl
1):72–76. doi: 10.1007/s11606-009-1130-6.
26. Maddox TM, Rumsfeld JS. Adverse clinical event peer review must
evolve to be relevant to quality improvement. Circ Cardiovasc Qual
Outcomes. 2014;7:807–808. doi: 10.1161/CIRCOUTCOMES.
114.001354.
27. Tsai TT, Box TL, Gethoffer H, Noonan G, Varosy PD, Maddox TM,
Fihn SD, Gross TP, Jesse RL, Rumsfeld JS. Feasibility of proactive
medical device surveillance: the VA Clinical Assessment Reporting
and Tracking (CART) program. Med Care. 2013;51(suppl 1):S57–
S61. doi: 10.1097/MLR.0b013e31827da819.
28. Brown JR, MacKenzie TA, Maddox TM, Fly J, Tsai TT, Plomondon ME, Nielson CD, Siew ED, Resnic FS, Baker CR, Rumsfeld
JS, Matheny ME. Acute kidney injury risk prediction in patients
undergoing coronary angiography in a National Veterans Health

Maddox et al

29.
30.
31.
32.
33.

34.
Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

35.

36.

37.

38.

39.

40.
41.
42.

Administration Cohort With External Validation. J Am Heart Assoc.
2015;4:e002136.
Pace WD, Cifuentes M, Valuck RJ, Staton EW, Brandt EC, West DR.
An electronic practice-based network for observational comparative effectiveness research. Ann Intern Med. 2009;151:338–340.
Maro JC, Platt R, Holmes JH, Strom BL, Hennessy S, Lazarus R,
Brown JS. Design of a national distributed health data network.
Ann Intern Med. 2009;151:341–344.
Masica A, Collinsworth A. Leveraging electronic health records
in comparative effectiveness research. Prescr Excell Health Care
Newsl Suppl. 2012;1:6.
Slutsky JR, Clancy CM. Patient-centered comparative effectiveness research: essential for high-quality care. Arch Intern Med.
2010;170:403–404. doi: 10.1001/archinternmed.2010.5.
Tomek IM, Sabel AL, Froimson MI, Muschler G, Jevsevar DS, Koenig KM, Lewallen DG, Naessens JM, Savitz LA, Westrich JL, Weeks
WB, Weinstein JN. A collaborative of leading health systems finds
wide variations in total knee replacement delivery and takes steps
to improve value. Health Aff (Millwood). 2012;31:1329–1338.
doi: 10.1377/hlthaff.2011.0935.
Maddox TM, Ross C, Tavel HM, Lyons EE, Tillquist M, Ho PM,
Rumsfeld JS, Margolis KL, O’Connor PJ, Selby JV, Magid DJ.
Blood pressure trajectories and associations with treatment intensification, medication adherence, and outcomes among newly
diagnosed coronary artery disease patients. Circ Cardiovasc Qual
Outcomes. 2010;3:347–357. doi: 10.1161/CIRCOUTCOMES.
110.957308.
Ho PM, Magid DJ, Shetterly SM, Olson KL, Peterson PN, Masoudi
FA, Rumsfeld JS. Importance of therapy intensification and medication nonadherence for blood pressure control in patients with
coronary disease. Arch Intern Med. 2008;168:271–276. doi:
10.1001/archinternmed.2007.72.
Fang MC, Go AS, Chang Y, Borowsky LH, Pomernacki NK, Udaltsova N, Singer DE. A new risk scheme to predict warfarin-associated
hemorrhage: the ATRIA (Anticoagulation and Risk Factors in Atrial
Fibrillation) Study. J Am Coll Cardiol. 2011;58:395–401. doi:
10.1016/j.jacc.2011.03.031.
Masoudi FA, Go AS, Magid DJ, Cassidy-Bushrow AE, Doris JM,
Fiocchi F, Garcia-Montilla R, Glenn KA, Goldberg RJ, Gupta N,
Gurwitz JH, Hammill SC, Hayes JJ, Jackson N, Kadish A, Lauer
M, Miller AW, Multerer D, Peterson PN, Reifler LM, Reynolds K,
Saczynski JS, Schuger C, Sharma PP, Smith DH, Suits M, Sung
SH, Varosy PD, Vidaillet HJ, Greenlee RT. Longitudinal study of
implantable cardioverter-defibrillators: methods and clinical characteristics of patients receiving implantable cardioverter-defibrillators for primary prevention in contemporary practice. Circ
Cardiovasc Qual Outcomes. 2012;5:e78–e85. doi: 10.1161/
CIRCOUTCOMES.112.965368.
Bayley KB, Belnap T, Savitz L, Masica AL, Shah N, Fleming NS. Challenges in using electronic health record data for
CER: experience of 4 learning organizations and solutions applied. Med Care. 2013;51(suppl 3):S80–S86. doi: 10.1097/
MLR.0b013e31829b1d48.
Kahn MG, Brown JS, Chun AT, Davidson BN, Meeker D, Ryan PB,
Schilling LM, Weiskopf NG, Williams AE, Zozus MN. Transparent
Reporting of Data Quality in Distributed Data Networks. EGEMS
(Washington, DC). 2015;3:1052.
Arts DG, De Keizer NF, Scheffer GJ. Defining and improving data
quality in medical registries: a literature review, case study, and
generic framework. J Am Med Inform Assoc. 2002;9:600–611.
Botsis T, Hartvigsen G, Chen F, Weng C. Secondary use of EHR:
data quality issues and informatics opportunities. AMIA Jt Summits
Transl Sci Proc. 2010;2010:1–5.
Brown JS, Kahn M, Toh S. Data quality assessment for comparative effectiveness research in distributed data networks.
Med Care. 2013;51(suppl 3):S22–S29. doi: 10.1097/MLR.
0b013e31829b1e2c.

e850

April 4, 2017

43. Mahajan AP. Health information exchange: obvious choice or pipe
dream? JAMA Intern Med. 2016;176:429–430. doi: 10.1001/
jamainternmed.2016.0149.
44. ONC Data Brief 24. Health information exchange among U.S.
non-federal acute care hospitals: 2008–2014: ONC Data Brief
24. https://www.healthit.gov/sites/default/files/data-brief/ONC_
DataBrief24_HIE_Final.pdf. Accessed May 3, 2016.
45. Maddox TM, Matheny MA. Natural language processing and
the promise of big data: small step forward, but many miles to
go. Circ Cardiovasc Qual Outcomes. 2015;8:463–465. doi:
10.1161/CIRCOUTCOMES.115.002125.
46. Jha AK. The promise of electronic records: around the corner
or down the road? JAMA. 2011;306:880–881. doi: 10.1001/
jama.2011.1219.
47. Murff HJ, FitzHenry F, Matheny ME, Gentry N, Kotter KL, Crimin
K, Dittus RS, Rosen AK, Elkin PL, Brown SH, Speroff T. Automated identification of postoperative complications within an electronic medical record using natural language processing. JAMA.
2011;306:848–855. doi: 10.1001/jama.2011.1204.
48. Bufalino VJ, Masoudi FA, Stranne SK, Horton K, Albert NM, Beam
C, Bonow RO, Davenport RL, Girgus M, Fonarow GC, Krumholz
HM, Legnini MW, Lewis WR, Nichol G, Peterson ED, Rosamond
W, Rumsfeld JS, Schwamm LH, Shahian DM, Spertus JA, Woodard PK, Yancy CW; on behalf of the American Heart Association
Advocacy Coordinating Committee. The American Heart Association’s recommendations for expanding the applications of existing
and future clinical registries: a policy statement from the American Heart Association. Circulation. 2011;123:2167–2179. doi:
10.1161/CIR.0b013e3182181529.
49. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman
M, de Ferranti S, Després JP, Fullerton HJ, Howard VJ, Huffman
MD, Judd SE, Kissela BM, Lackland DT, Lichtman JH, Lisabeth
LD, Liu S, Mackey RH, Matchar DB, McGuire DK, Mohler ER 3rd,
Moy CS, Muntner P, Mussolino ME, Nasir K, Neumar RW, Nichol G,
Palaniappan L, Pandey DK, Reeves MJ, Rodriguez CJ, Sorlie PD,
Stein J, Towfighi A, Turan TN, Virani SS, Willey JZ, Woo D, Yeh RW,
Turner MB; on behalf of the American Heart Association Statistics
Committee and Stroke Statistics Subcommittee. Heart disease
and stroke statistics—2015 update: a report from the American
Heart Association [published corrections appear in Circulation.
2015;131:e535 and Circulation. 2016;133:e417]. Circulation.
2015;131:e29–e322. doi: 10.1161/CIR.0000000000000152.
50. Hong Y, LaBresh KA. Overview of the American Heart Association “Get With The Guidelines” programs: coronary heart disease,
stroke, and heart failure. Crit Pathw Cardiol. 2006;5:179–186.
doi: 10.1097/01.hpc.0000243588.00012.79.
51. Clark RE. The STS National Database: alive, well, and growing.
Ann Thorac Surg. 1991;52:5.
52. Schwamm LH, Fonarow GC, Reeves MJ, Pan W, Frankel MR,
Smith EE, Ellrodt G, Cannon CP, Liang L, Peterson E, Labresh
KA. Get With The Guidelines-Stroke is associated with sustained
improvement in care for patients hospitalized with acute stroke or
transient ischemic attack. Circulation. 2009;119:107–115. doi:
10.1161/CIRCULATIONAHA.108.783688.
53. Al-Khatib SM, Hellkamp AS, Hernandez AF, Fonarow GC, Thomas KL,
Al-Khalidi HR, Heidenreich PA, Hammill S, Yancy C, Peterson ED; Get
With The Guidelines Steering Committee and Hospitals. Trends in
use of implantable cardioverter-defibrillator therapy among patients
hospitalized for heart failure: have the previously observed sex and
racial disparities changed over time? Circulation. 2012;125:1094–
1101. doi: 10.1161/CIRCULATIONAHA.111.066605.
54. Albert NM, Yancy CW, Liang L, Zhao X, Hernandez AF, Peterson
ED, Cannon CP, Fonarow GC. Use of aldosterone antagonists in
heart failure. JAMA. 2009;302:1658–1665.
55. Hernandez AF, Greiner MA, Fonarow GC, Hammill BG, Heidenreich PA, Yancy CW, Peterson ED, Curtis LH. Relationship between early physician follow-up and 30-day readmission among

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care

56.

57.

58.

59.

61.

62.
63.

64.

65.

66.

67.
68.

69.

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

readmissions, and complications among patients receiving an
ICD for primary prevention. JAMA. 2013;309:2025–2034. doi:
10.1001/jama.2013.4982.
Menees DS, Peterson ED, Wang Y, Curtis JP, Messenger JC,
Rumsfeld JS, Gurm HS. Door-to-balloon time and mortality among
patients undergoing primary PCI. N Engl J Med. 2013;369:901–
909.
Fonarow GC, Zhao X, Smith EE, Saver JL, Reeves MJ, Bhatt DL,
Xian Y, Hernandez AF, Peterson ED, Schwamm LH. Door-to-needle
times for tissue plasminogen activator administration and clinical
outcomes in acute ischemic stroke before and after a quality improvement initiative. JAMA. 2014;311:1632–1640.
Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda
MV, Pan W, Olson DM, Hernandez AF, Peterson ED, Schwamm
LH. Time to treatment with intravenous tissue plasminogen
activator and outcome from acute ischemic stroke. JAMA.
2013;309:2480–2488.
Fonarow GC, Pan W, Saver JL, Smith EE, Reeves MJ, Broderick JP,
Kleindorfer DO, Sacco RL, Olson DM, Hernandez AF, Peterson ED,
Schwamm LH. Comparison of 30-day mortality models for profiling hospital performance in acute ischemic stroke with vs without
adjustment for stroke severity. JAMA. 2012;308:257–264. doi:
10.1001/jama.2012.7870.
Xian Y, Liang L, Smith EE, Schwamm LH, Reeves MJ, Olson
DM, Hernandez AF, Fonarow GC, Peterson ED. Risks of intracranial hemorrhage among patients with acute ischemic stroke
receiving warfarin and treated with intravenous tissue plasminogen activator. JAMA. 2012;307:2600–2608. doi: 10.1001/
jama.2012.6756.
Ali SF, Smith EE, Reeves MJ, Zhao X, Xian Y, Hernandez AF, Bhatt
DL, Fonarow GC, Schwamm LH. Smoking paradox in patients
hospitalized with coronary artery disease or acute ischemic
stroke: findings from Get With The Guidelines. Circ Cardiovasc
Qual Outcomes. 2015;8(suppl 3):S73–S80. doi: 10.1161/
CIRCOUTCOMES.114.001244.
Bennett-Guerrero E, Zhao Y, O’Brien SM, Ferguson TB Jr, Peterson
ED, Gammie JS, Song HK. Variation in use of blood transfusion in
coronary artery bypass graft surgery. JAMA. 2010;304:1568–
1575.
Peterson ED, Coombs LP, DeLong ER, Haan CK, Ferguson TB.
Procedural volume as a marker of quality for CABG surgery.
JAMA. 2004;291:195–201.
Ferguson TB Jr, Coombs LP, Peterson ED; Society of Thoracic
Surgeons National Adult Cardiac Surgery Database. Preoperative β-blocker use and mortality and morbidity following CABG
surgery in North America [published correction appears in JAMA.
2002;287:3212]. JAMA. 2002;287:2221–2227.
Tabata M, Grab JD, Khalpey Z, Edwards FH, O’Brien SM, Cohn LH,
Bolman RM 3rd. Prevalence and variability of internal mammary
artery graft use in contemporary multivessel coronary artery bypass graft surgery: analysis of the Society of Thoracic Surgeons
National Cardiac Database. Circulation. 2009;120:935–940. doi:
10.1161/CIRCULATIONAHA.108.832444.
Gammie JS, Sheng S, Griffith BP, Peterson ED, Rankin JS, O’Brien
SM, Brown JM. Trends in mitral valve surgery in the united states:
results from the Society of Thoracic Surgeons Adult Cardiac Database. Ann Thorac Surg. 2009;87:1431–1439.
Maddox TM, Stanislawski MA, Grunwald GK, Bradley SM, Ho PM,
Tsai TT, Patel MR, Sandhu A, Valle J, Magid DJ, Leon B, Bhatt DL,
Fihn SD, Rumsfeld JS. Nonobstructive coronary artery disease
and risk of myocardial infarction. JAMA. 2014;312:1754–1763.
doi: 10.1001/jama.2014.14681.
Vigen R, O'Donnell CI, Barón AE, Grunwald GK, Maddox TM, Bradley SM, Barqawi A, Woning G, Wierman ME, Plomondon ME, Rumsfeld JS, Ho PM. Association of testosterone therapy with mortality,
myocardial infarction, and stroke in men with low testosterone

April 4, 2017

e851

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

60.

Medicare beneficiaries hospitalized for heart failure. JAMA.
2010;303:1716–1722.
Krumholz HM, Bradley EH, Nallamothu BK, Ting HH, Batchelor
WB, Kline-Rogers E, Stern AF, Byrd JR, Brush JE Jr. A campaign
to improve the timeliness of primary percutaneous coronary intervention: Door-to-Balloon: An Alliance for Quality. JACC Cardiovasc
Interv. 2008;1:97–104. doi: 10.1016/j.jcin.2007.10.006.
McNamara RL, Wang Y, Herrin J, Curtis JP, Bradley EH, Magid DJ,
Peterson ED, Blaney M, Frederick PD, Krumholz HM; NRMI Investigators. Effect of door-to-balloon time on mortality in patients with
ST-segment elevation myocardial infarction. J Am Coll Cardiol.
2006;47:2180–2186.
Bradley EH, Herrin J, Wang Y, Barton BA, Webster TR, Mattera JA,
Roumanis SA, Curtis JP, Nallamothu BK, Magid DJ, McNamara RL,
Parkosewich J, Loeb JM, Krumholz HM. Strategies for reducing
the door-to-balloon time in acute myocardial infarction. N Engl J
Med. 2006;355:2308–2320. doi: 10.1056/NEJMsa063117.
Krumholz HM, Herrin J, Miller LE, Drye EE, Ling SM, Han LF, Rapp
MT, Bradley EH, Nallamothu BK, Nsa W, Bratzler DW, Curtis JP.
Improvements in door-to-balloon time in the United States, 2005
to 2010. Circulation. 2011;124:1038–1045. doi: 10.1161/
CIRCULATIONAHA.111.044107.
Nallamothu BK, Normand SL, Wang Y, Hofer TP, Brush JE Jr,
Messenger JC, Bradley EH, Rumsfeld JS, Krumholz HM. Relation between door-to-balloon times and mortality after primary
percutaneous coronary intervention over time: a retrospective
study. Lancet. 2015;385:1114–1122. doi: 10.1016/S01406736(14)61932-2.
Bagai A, Al-Khalidi HR, Sherwood MW, Muñoz D, Roettig ML, Jollis
JG, Granger CB. Regional systems of care demonstration project: Mission: Lifeline STEMI Systems Accelerator: design and
methodology. Am Heart J. 2014;167:15–21.e3. doi: 10.1016/j.
ahj.2013.10.005.
Ho PM, Peterson PN, Masoudi FA. Evaluating the evidence: is
there a rigid hierarchy? Circulation. 2008;118:1675–1684. doi:
10.1161/CIRCULATIONAHA.107.721357.
Pokorney SD, Miller AL, Chen AY, Thomas L, Fonarow GC, de
Lemos JA, Al-Khatib SM, Peterson ED, Wang TY. Implantable
cardioverter-defibrillator use among Medicare patients with
low ejection fraction after acute myocardial infarction. JAMA.
2015;313:2433–2440.
Udell JA, Wang TY, Li S, Kohli P, Roe MT, de Lemos JA, Wiviott SD.
Clinical trial participation after myocardial infarction in a national
cardiovascular data registry. JAMA. 2014;312:841–843. doi:
10.1001/jama.2014.6217.
Wang TY, Nallamothu BK, Krumholz HM, Li S, Roe MT, Jollis JG,
Jacobs AK, Holmes DR, Peterson ED, Ting HH. Association of
door-in to door-out time with reperfusion delays and outcomes
among patients transferred for primary percutaneous coronary
intervention. JAMA. 2011;305:2540–2547.
Chhatriwalla AK, Amin AP, Kennedy KF, House JA, Cohen DJ, Rao
SV, Messenger JC, Marso SP; National Cardiovascular Data Registry. Association between bleeding events and in-hospital mortality after percutaneous coronary intervention [published correction
appears in JAMA. 2013;310:647]. JAMA. 2013;309:1022–1029.
doi: 10.1001/jama.2013.1556.
Sherwood MW, Wang Y, Curtis JP, Peterson ED, Rao SV. Patterns
and outcomes of red blood cell transfusion in patients undergoing
percutaneous coronary intervention. JAMA. 2014;311:836–843.
Tsai TT, Maddox TM, Roe MT, Dai D, Alexander KP, Ho PM, Messenger JC, Nallamothu BK, Peterson ED, Rumsfeld JS, National
Cardiovascular Data Registry. Contraindicated medication use in
dialysis patients undergoing percutaneous coronary intervention.
JAMA. 2009;302:2458–2464.
Peterson PN, Varosy PD, Heidenreich PA, Wang Y, Dewland TA,
Curtis JP, Go AS, Greenlee RT, Magid DJ, Normand SL, Masoudi
FA. Association of single- vs dual-chamber ICDs with mortality,

Maddox et al

83.

84.

85.

86.

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

87.

88.

89.

90.

91.
92.

93.

94.

95.

levels [published correction appears in JAMA. 2914;311:967].
JAMA. 2013;310:1829–1836.
Ho PM, Maddox TM, Wang L, Fihn SD, Jesse RL, Peterson ED,
Rumsfeld JS. Risk of adverse outcomes associated with concomitant use of clopidogrel and proton pump inhibitors following acute
coronary syndrome. JAMA. 2009;301:937–944.
Bradley SM, Maddox TM, Stanislawski MA, O’Donnell CI, Grunwald
GK, Tsai TT, Ho PM, Peterson ED, Rumsfeld JS. Normal coronary
rates for elective angiography in the Veterans Affairs Healthcare
System: insights from the VA CART Program (Veterans Affairs
Clinical Assessment Reporting and Tracking). J Am Coll Cardiol.
2014;63:417–426.
Ho PM, O’Donnell CI, Bradley SM, Grunwald GK, Helfrich C, Chapko
M, Liu CF, Maddox TM, Tsai TT, Jesse RL, Fihn SD, Rumsfeld JS.
1-Year risk-adjusted mortality and costs of percutaneous coronary
intervention in the Veterans Health Administration: insights from
the VA CART Program. J Am Coll Cardiol. 2015;65:236–242. doi:
10.1016/j.jacc.2014.10.048.
Smith DH, Thorp ML, Gurwitz JH, McManus DD, Goldberg RJ, Allen
LA, Hsu G, Sung SH, Magid DJ, Go AS. Chronic kidney disease
and outcomes in heart failure with preserved versus reduced ejection fraction: the Cardiovascular Research Network PRESERVE
Study. Circ Cardiovasc Qual Outcomes. 2013;6:333–342. doi:
10.1161/CIRCOUTCOMES.113.000221.
Bansal N, Fan D, Hsu CY, Ordonez JD, Marcus GM, Go AS. Incident
atrial fibrillation and risk of end-stage renal disease in adults with
chronic kidney disease. Circulation. 2013;127:569–574. doi:
10.1161/CIRCULATIONAHA.112.123992.
Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA,
Margolis KL, O’Connor PJ, Selby JV, Ho PM. Incidence and prognosis of resistant hypertension in hypertensive patients. Circulation. 2012;125:1635–1642. doi: 10.1161/CIRCULATIONAHA.
111.068064.
Sanborn TA, Tcheng JE, Anderson HV, Chambers CE, Cheatham
SL, DeCaro MV, Durack JC, Everett AD, Gordon JB, Hammond
WE, Hijazi ZM, Kashyap VS, Knudtson M, Landzberg MJ, MartinezRios MA, Riggs LA, Sim KH, Slotwiner DJ, Solomon H, Szeto WY,
Weiner BH, Weintraub WS, Windle JR. ACC/AHA/SCAI 2014 health
policy statement on structured reporting for the cardiac catheterization laboratory: a report of the American College of Cardiology
Clinical Quality Committee. J Am Coll Cardiol. 2014;63:2591–
2623. doi: 10.1016/j.jacc.2014.03.020.
Krumholz HM, Merrill AR, Schone EM, Schreiner GC, Chen J, Bradley EH, Wang Y, Wang Y, Lin Z, Straube BM, Rapp MT, Normand
SL, Drye EE. Patterns of hospital performance in acute myocardial
infarction and heart failure 30-day mortality and readmission. Circ
Cardiovasc Qual Outcomes. 2009;2:407–413. doi: 10.1161/
CIRCOUTCOMES.109.883256.
McIlvennan CK, Eapen ZJ, Allen LA. Hospital readmissions reduction program. Circulation. 2015;131:1796–1803. doi: 10.1161/
CIRCULATIONAHA.114.010270.
Zuckerman RB, Sheingold SH, Orav EJ, Ruhter J, Epstein AM. Readmissions, observation, and the hospital readmissions reduction
program. N Engl J Med. 2016;374:1543–1551. doi: 10.1056/
NEJMsa1513024.
Quan H, Li B, Saunders LD, Parsons GA, Nilsson CI, Alibhai A, Ghali
WA; IMECCHI Investigators. Assessing validity of ICD-9-CM and ICD10 administrative data in recording clinical conditions in a unique
dually coded database. Health Serv Res. 2008;43:1424–1441.
Kiyota Y, Schneeweiss S, Glynn RJ, Cannuscio CC, Avorn J, Solomon DH. Accuracy of Medicare claims-based diagnosis of acute
myocardial infarction: estimating positive predictive value on the
basis of review of hospital records. Am Heart J. 2004;148:99–
104. doi: 10.1016/j.ahj.2004.02.013.
Birman-Deych E, Waterman AD, Yan Y, Nilasena DS, Radford MJ,
Gage BF. Accuracy of ICD-9-CM codes for identifying cardiovascular and stroke risk factors. Med Care. 2005;43:480–485.

e852

April 4, 2017

96. Rumsfeld JS, Alexander KP, Goff DC Jr, Graham MM, Ho PM,
Masoudi FA, Moser DK, Roger VL, Slaughter MS, Smolderen
KG, Spertus JA, Sullivan MD, Treat-Jacobson D, Zerwic JJ; on
behalf of the American Heart Association Council on Quality
of Care and Outcomes Research, Council on Cardiovascular
and Stroke Nursing, Council on Epidemiology and Prevention,
Council on Peripheral Vascular Disease, and Stroke Council.
Cardiovascular health: the importance of measuring patient-reported health status: a scientific statement from the American
Heart Association. Circulation. 2013;127:2233–2249. doi:
10.1161/CIR.0b013e3182949a2e.
97. Roof K, Oleru N. Public health: Seattle and King County’s push for
the built environment. J Environ Health. 2008;71:24–27.
98. Powell H, Krall JR, Wang Y, Bell ML, Peng RD. Ambient coarse
particulate matter and hospital admissions in the Medicare
Cohort Air Pollution Study, 1999–2010. Environ Health Perspect.
2015;123:1152–1159. doi: 10.1289/ehp.1408720.
99. Alter DA, Naylor CD, Austin P, Tu JV. Effects of socioeconomic
status on access to invasive cardiac procedures and on mortality
after acute myocardial infarction. N Engl J Med. 1999;341:1359–
1367. doi: 10.1056/NEJM199910283411806.
100. Fabreau GE, Leung AA, Southern DA, James MT, Knudtson ML,
Ghali WA, Ayanian JZ. Area median income and metropolitan
versus nonmetropolitan location of care for acute coronary
syndromes: a complex interaction of social determinants. J Am
Heart Assoc. 2016;5:e002447.
101. Alter DA, Naylor CD, Austin PC, Chan BT, Tu JV. Geography
and service supply do not explain socioeconomic gradients
in angiography use after acute myocardial infarction. CMAJ.
2003;168:261–264.
102. Arrich J, Lalouschek W, Müllner M. Influence of socioeconomic status on mortality after stroke: retrospective cohort
study. Stroke. 2005;36:310–314. doi: 10.1161/01.STR.
0000152962.92621.b5.
103. Kapral MK, Fang J, Chan C, Alter DA, Bronskill SE, Hill MD, Manuel
DG, Tu JV, Anderson GM. Neighborhood income and stroke care
and outcomes. Neurology. 2012;79:1200–1207. doi: 10.1212/
WNL.0b013e31826aac9b.
104. Sasson C, Magid DJ, Chan P, Root ED, McNally BF, Kellermann
AL, Haukoos JS; CARES Surveillance Group. Association of
neighborhood characteristics with bystander-initiated CPR. N
Engl J Med. 2012;367:1607–1615.
105. Christakis NA, Fowler JH. The spread of obesity in a large social
network over 32 years. N Engl J Med. 2007;357:370–379. doi:
10.1056/NEJMsa066082.
106. Stand up and be counted. The Economist. 2010. http://www.
economist.com/node/15819188. Accessed May 3, 2016.
107. Rethinking Clinical Trials: Learning Healthcare Systems. https://
sites.duke.edu/rethinkingclinicaltrials/learning-healthcaresystems/#[17]. Accessed May 4, 2016.
108. Largent EA, Joffe S, Miller FG. Can research and care be ethically
integrated? Hastings Cent Rep. 2011;41:37–46.
109. Kass NE, Faden RR, Goodman SN, Pronovost P, Tunis S,
Beauchamp TL. The research-treatment distinction: a problematic approach for determining which activities should have ethical oversight. Hastings Cent Rep. 2013;Spec No:S4–S15. doi:
10.1002/hast.133.
110. Henderson GE, Churchill LR, Davis AM, Easter MM, Grady C, Joffe
S, Kass N, King NM, Lidz CW, Miller FG, Nelson DK, Peppercorn
J, Rothschild BB, Sankar P, Wilfond BS, Zimmer CR. Clinical trials
and medical care: defining the therapeutic misconception. PLoS
Med. 2007;4:e324. doi: 10.1371/journal.pmed.0040324.
111. HHS.gov. 45 CFR 46. http://www.hhs.gov/ohrp/regulationsand-policy/regulations/45-cfr-46/index.html#46.102. Accessed
May 4, 2016.
112. Finkelstein JA, Brickman AL, Capron A, Ford DE, Gombosev A,
Greene SM, Iafrate RP, Kolaczkowski L, Pallin SC, Pletcher MJ,

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care

113.
114.
115.

116.

117.

119.

120.

121.

122.
123.
124.

125.

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

126.

127.

128.
129.

130.

131.

132.

133.

134.

135.

136.

137.

Surgeons Quality Measurement Task Force. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models, part
1: coronary artery bypass grafting surgery. Ann Thorac Surg.
2009;88(suppl):S2–S22.
O’Brien SM, Shahian DM, Filardo G, Ferraris VA, Haan CK, Rich
JB, Normand S-LTL, DeLong ER, Shewan CM, Dokholyan RS,
Peterson ED, Edwards FH, Anderson RP, Society of Thoracic
Surgeons Quality Measurement Task Force. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models, part 2: isolated valve surgery. Ann Thorac Surg. 2009;88(suppl):S23–S42.
Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich
JB, Normand S-LTL, DeLong ER, Shewan CM, Dokholyan RS,
Peterson ED, Edwards FH, Anderson RP, Society of Thoracic
Surgeons Quality Measurement Task Force. The Society of
Thoracic Surgeons 2008 cardiac surgery risk models, part 3:
valve plus coronary artery bypass grafting surgery. Ann Thorac
Surg. 2009;88(suppl):S43–62.
Online STS Risk Calculator. http://riskcalc.sts.org/stswebriskcalc/
#/calculate. Accessed March 15, 2016.
Witberg G, Lavi I, Gonen O, Assali A, Vaknin-Assa H, Lev E,
Kornowski R. Long-term outcomes of patients with complex
coronary artery disease according to agreement between the
SYNTAX score and revascularization procedure in contemporary
practice. Coron Artery Dis. 2014;25:296–303. doi: 10.1097/
MCA.0000000000000106.
Lip GY, Laroche C, Dan GA, Santini M, Kalarus Z, Rasmussen LH,
Ioachim PM, Tica O, Boriani G, Cimaglia P, Diemberger I, Hellum
CF, Mortensen B, Maggioni AP. “Real-world” antithrombotic treatment in atrial fibrillation: the EORP-AF pilot survey. Am J Med.
2014;127:519–529.e1. doi: 10.1016/j.amjmed.2013.12.022.
Brandes A, Overgaard M, Plauborg L, Dehlendorff C, Lyck F,
Peulicke J, Poulsen SV, Husted S. Guideline adherence of antithrombotic treatment initiated by general practitioners in patients
with nonvalvular atrial fibrillation: a Danish survey. Clin Cardiol.
2013;36:427–432. doi: 10.1002/clc.22133.
Kansagara D, Englander H, Salanitro A, Kagen D, Theobald C,
Freeman M, Kripalani S. Risk prediction models for hospital readmission: a systematic review. JAMA. 2011;306:1688–1698.
doi: 10.1001/jama.2011.1515.
Amarasingham R, Patel PC, Toto K, Nelson LL, Swanson TS,
Moore BJ, Xie B, Zhang S, Alvarez KS, Ma Y, Drazner MH,
Kollipara U, Halm EA. Allocating scarce resources in real-time
to reduce heart failure readmissions: a prospective, controlled
study. BMJ Qual Saf. 2013;22:998–1005. doi: 10.1136/
bmjqs-2013-001901.
Lin FY, Dunning AM, Narula J, Shaw LJ, Gransar H, Berman DS,
Min JK. Impact of an automated multimodality point-of-order decision support tool on rates of appropriate testing and clinical
decision making for individuals with suspected coronary artery
disease: a prospective multicenter study. J Am Coll Cardiol.
2013;62:308–316. doi: 10.1016/j.jacc.2013.04.059.
Alqarqaz M, Koneru J, Mahan M, Ananthasubramaniam K.
Applicability, limitations and downstream impact of echocardiography utilization based on the appropriateness use criteria
for transthoracic and transesophageal echocardiography. Int
J Cardiovasc Imaging. 2012;28:1951–1958. doi: 10.1007/
s10554-012-0008-6.
Mohareb MM, Qiu F, Cantor WJ, Kingsbury KJ, Ko DT, Wijeysundera
HC. Validation of the appropriate use criteria for coronary angiography: a cohort study. Ann Intern Med. 2015;162:549–556. doi:
10.7326/M14-1889.
Ko DT, Guo H, Wijeysundera HC, Natarajan MK, Nagpal AD, Feindel
CM, Kingsbury K, Cohen EA, Tu JV; Cardiac Care Network (CCN)
of Ontario Variations in Revascularization Practice in Ontario
(VRPO) Working Group. Assessing the association of appropriateness of coronary revascularization and clinical outcomes for

April 4, 2017

e853

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

118.

Staman KL, Vazquez MA, Sugarman J. Oversight on the borderline: quality improvement and pragmatic research. Clin Trials.
2015;12:457–466. doi: 10.1177/1740774515597682.
Rumsfeld JS, Joynt KE, Maddox TM. Big data analytics to improve cardiovascular care: promise and challenges. Nat Rev
Cardiol. 2016;13:350–359. doi: 10.1038/nrcardio.2016.42.
Pencina MJ, Peterson ED. Moving from clinical trials to precision medicine: the role for predictive modeling. JAMA.
2016;315:1713–1714. doi: 10.1001/jama.2016.4839.
Brown H, Terrence J, Vasquez P, Bates DW, Zimlichman E.
Continuous monitoring in an inpatient medical-surgical unit: a
controlled clinical trial. Am J Med. 2014;127:226–232. doi:
10.1016/j.amjmed.2013.12.004.
Abraham WT, Adamson PB, Bourge RC, Aaron MF, Costanzo
MR, Stevenson LW, Strickland W, Neelagaru S, Raval N, Krueger
S, Weiner S, Shavelle D, Jeffries B, Yadav JS; CHAMPION Trial
Study Group. Wireless pulmonary artery haemodynamic monitoring in chronic heart failure: a randomised controlled trial [published correction appears in Lancet. 2012;379:412]. Lancet.
2011;377:658–666. doi: 10.1016/S0140-6736(11)60101-3.
Weintraub WS, Karlsberg RP, Tcheng JE, Boris JR, Buxton AE,
Dove JT, Fonarow GC, Goldberg LR, Heidenreich P, Hendel RC,
Jacobs AK, Lewis W, Mirro MJ, Shahian DM, Hendel RC, Bozkurt
B, Jacobs JP, Peterson PN, Roger VL, Smith EE, Tcheng JE,
Wang T; American College of Cardiology Foundation; American
Heart Association Task Force on Clinical Data Standards. ACCF/
AHA 2011 key data elements and definitions of a base cardiovascular vocabulary for electronic health records: a report of
the American College of Cardiology Foundation/American Heart
Association Task Force on Clinical Data Standards [published
correction appears in Circulation. 2011;124:e174]. Circulation.
2011;124:103–123. doi: 10.1161/CIR.0b013e31821ccf71.
The Electronic Data Methods Forum, 2013: advancing the national dialogue on use of electronic clinical data to improve patient
care and outcomes. Med Care. 2013;51:i.
US Food & Drug Administration. FDA issues final guidance on
mobile medical apps [press release]. http://www.fda.gov/
NewsEvents/Newsroom/PressAnnouncements/ucm369431.
htm. Accessed March 15, 2016.
Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for predicting stroke and thromboembolism
in atrial fibrillation using a novel risk factor-based approach: the
Euro Heart Survey on Atrial Fibrillation. Chest. 2010;137:263–
272. doi: 10.1378/chest.09-1584.
Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino
RB Sr, Gibbons R, Greenland P, Lackland DT, Levy D, O’Donnell
CJ, Robinson JG, Schwartz JS, Shero ST, Smith SC Jr, Sorlie
P, Stone NJ, Wilson PWF. 2013 ACC/AHA guideline on the assessment of cardiovascular risk: a report of the American
College of Cardiology/American Heart Association Task Force on
Practice Guidelines [published correction appears in Circulation.
2014;129:S74-S75]. Circulation. 2014;129(suppl 2):S49-S73.
DOI: 10.1161/01.cir.0000437741.48606.98.
ASCVD Risk Estimator. http://tools.acc.org/ASCVD-Risk-Estimator/.
Accessed March 15, 2016.
SYNTAX Score. http://www.syntaxscore.com/. Accessed March
15, 2016.
Serruys PW, Morice MC, Kappetein AP, Colombo A, Holmes DR,
Mack MJ, Ståhle E, Feldman TE, van den Brand M, Bass EJ, Van
Dyck N, Leadley K, Dawkins KD, Mohr FW; SYNTAX Investigators.
Percutaneous coronary intervention versus coronary-artery bypass grafting for severe coronary artery disease [published correction appears in N Engl J Med. 2013;368:584]. N Engl J Med.
2009;360:961–972. doi: 10.1056/NEJMoa0804626.
Shahian DM, O’Brien SM, Filardo G, Ferraris VA, Haan CK, Rich
JB, Normand SL, DeLong ER, Shewan CM, Dokholyan RS,
Peterson ED, Edwards FH, Anderson RP, Society of Thoracic

Maddox et al

138.
139.
140.

141.

142.

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

143.

144.

145.

146.

147.

148.
149.
150.
151.
152.

153.

e854

patients with stable coronary artery disease. J Am Coll Cardiol.
2012;60:1876–1884. doi: 10.1016/j.jacc.2012.06.056.
American College of Cardiology. Imaging in “FOCUS.” http://www.
acc.org/tools-and-practice-support/quality-programs/imagingin-focus. Accessed March 15, 2016.
Longhurst CA, Harrington RA, Shah NH. A “green button” for using
aggregate patient data at the point of care. Health Aff (Millwood).
2014;33:1229–1235. doi: 10.1377/hlthaff.2014.0099.
Piazza G, Goldhaber SZ. Computerized decision support for the
cardiovascular clinician: applications for venous thromboembolism prevention and beyond [published correction appears in
Circulation. 2010;122:e5]. Circulation. 2009;120:1133–1137.
doi: 10.1161/CIRCULATIONAHA.109.884031.
Kucher N, Koo S, Quiroz R, Cooper JM, Paterno MD, Soukonnikov
B, Goldhaber SZ. Electronic alerts to prevent venous thromboembolism among hospitalized patients. N Engl J Med.
2005;352:969–977. doi: 10.1056/NEJMoa041533.
Poller L, Keown M, Ibrahim S, Lowe G, Moia M, Turpie AG,
Roberts C, van den Besselaar AM, van der Meer FJ, Tripodi A,
Palareti G, Shiach C, Bryan S, Samama M, Burgess-Wilson M,
Heagerty A, Maccallum P, Wright D, Jespersen J; European Action
on Anticoagulation (EAA). A multicentre randomised assessment
of the DAWN AC computer-assisted oral anticoagulant dosage
program [published correction appears in Thromb Haemost.
2009;101:794]. Thromb Haemost. 2009;101:487–494.
Gupta A, Ip IK, Raja AS, Andruchow JE, Sodickson A, Khorasani
R. Effect of clinical decision support on documented guideline adherence for head CT in emergency department patients with mild
traumatic brain injury. J Am Med Inform Assoc. 2014;21:e347–
e351. doi: 10.1136/amiajnl-2013-002536.
Roshanov PS, Fernandes N, Wilczynski JM, Hemens BJ, You JJ,
Handler SM, Nieuwlaat R, Souza NM, Beyene J, Van Spall HG,
Garg AX, Haynes RB. Features of effective computerised clinical
decision support systems: meta-regression of 162 randomised
trials. BMJ. 2013;346:f657.
Cho I, Slight SP, Nanji KC, Seger DL, Maniam N, Fiskio JM,
Dykes PC, Bates DW. The effect of provider characteristics
on the responses to medication-related decision support
alerts. Int J Med Inform. 2015;84:630–639. doi: 10.1016/j.
ijmedinf.2015.04.006.
Kropf M, Modre-Osprian R, Gruber K, Fruhwald F, Schreier G.
Evaluation of a clinical decision support rule-set for medication
adjustments in mHealth-based heart failure management. Stud
Health Technol Inform. 2015;212:81–87.
Bosca D, Moner D, Maldonado JA, Robles M. Combining archetypes with fast health interoperability resources in futureproof health information systems. Stud Health Technol Inform.
2015;210:180–184.
A new HL7 draft standard may boost web services development.
http://www.healthcare-informatics.com/article/top-ten-techtrends-catching-fhir. Accessed March 15, 2016.
Centers for Medicare & Medicaid Services (CMS) HHS. Medicare
and Medicaid programs: electronic health record incentive program–stage 2: final rule. Fed Regist. 2012;77:53967–54162.
Langley GJ, ed. The Improvement Guide: A Practical Approach to
Enhancing Organizational Performance. 2nd ed. San Francisco:
Jossey-Bass; 2009.
LaBresh KA, Gliklich R, Liljestrand J, Peto R, Ellrodt AG. Using
“Get With The Guidelines” to improve cardiovascular secondary
prevention. Jt Comm J Qual Saf. 2003;29:539–550.
Lewis WR, Peterson ED, Cannon CP, Super DM, LaBresh KA,
Quealy K, Liang L, Fonarow GC. An organized approach to improvement in guideline adherence for acute myocardial infarction: results with the Get With The Guidelines quality improvement
program. Arch Intern Med. 2008;168:1813–1819.
Xian Y, Pan W, Peterson ED, Heidenreich PA, Cannon CP,
Hernandez AF, Friedman B, Holloway RG, Fonarow GC, GWTG

April 4, 2017

154.

155.

156.

157.

158.

159.

160.
161.

162.

163.

164.
165.

166.

Steering Committee and Hospitals. Are quality improvements
associated with the Get With the Guidelines-Coronary Artery
Disease (GWTG-CAD) program sustained over time? A longitudinal comparison of GWTG-CAD hospitals versus non-GWTG-CAD
hospitals. Am Heart J. 2010;159:207–214.
American Heart Association. Get With The Guidelines.
http://www.heart.org/HEARTORG/HealthcareResearch/
GetWithTheGuidelines/Get-With-The-Guidelines—HFStroke_
UCM_001099_SubHomePage.jsp. Accessed May 9, 2016.
Heidenreich PA, Hernandez AF, Yancy CW, Liang L, Peterson ED,
Fonarow GC. Get With The Guidelines program participation, process of care, and outcome for Medicare patients hospitalized
with heart failure. Circ Cardiovasc Qual Outcomes. 2012;5:37–
43. doi: 10.1161/CIRCOUTCOMES.110.959122.
Reeves MJ, Grau-Sepulveda MV, Fonarow GC, Olson DM, Smith
EE, Schwamm LH. Are quality improvements in the Get With The
Guidelines: Stroke program related to better care or better data
documentation? Circ Cardiovasc Qual Outcomes. 2011;4:503–
511. doi: 10.1161/CIRCOUTCOMES.111.961755.
Bradley SM, Huszti E, Warren SA, Merchant RM, Sayre MR,
Nichol G. Duration of hospital participation in Get With the
Guidelines-Resuscitation and survival of in-hospital cardiac arrest. Resuscitation. 2012;83:1349–1357. doi: 10.1016/j.
resuscitation.2012.03.014.
Getz KA, Wenger J, Campo RA, Seguine ES, Kaitin KI. Assessing
the impact of protocol design changes on clinical trial performance. Am J Ther. 2008;15:450–457. doi: 10.1097/
MJT.0b013e31816b9027.
Glickman SW, McHutchison JG, Peterson ED, Cairns CB,
Harrington RA, Califf RM, Schulman KA. Ethical and scientific implications of the globalization of clinical research. N Engl J Med.
2009;360:816–823.
Patsopoulos NA. A pragmatic view on pragmatic trials. Dialogues
Clin Neurosci. 2011;13:217–224.
Fröbert O, Lagerqvist B, Olivecrona GK, Omerovic E, Gudnason
T, Maeng M, Aasa M, Angerås O, Calais F, Danielewicz M, Erlinge
D, Hellsten L, Jensen U, Johansson AC, Kåregren A, Nilsson J,
Robertson L, Sandhall L, Sjögren I, Ostlund O, Harnek J, James
SK; TASTE Trial. Thrombus aspiration during ST-segment elevation myocardial infarction [published correction appears in N Engl
J Med. 2014;371:786]. N Engl J Med. 2013;369:1587–1597.
doi: 10.1056/NEJMoa1308789.
Lagerqvist B, Fröbert O, Olivecrona GK, Gudnason T, Maeng M,
Alström P, Andersson J, Calais F, Carlsson J, Collste O, Götberg
M, Hårdhammar P, Ioanes D, Kallryd A, Linder R, Lundin A,
Odenstedt J, Omerovic E, Puskar V, Tödt T, Zelleroth E, Östlund
O, James SK. Outcomes 1 year after thrombus aspiration for
myocardial infarction. N Engl J Med. 2014;371:1111–1120. doi:
10.1056/NEJMoa1405707.
Hawkins MS, Hough LJ, Berger MA, Mor MK, Steenkiste AR,
Gao S, Stone RA, Burkitt KH, Marcus BH, Ciccolo JT, Kriska
AM, Klinvex DT, Sevick MA. Recruitment of veterans from primary care into a physical activity randomized controlled trial:
the experience of the VA-STRIDE study. Trials. 2014;15:11. doi:
10.1186/1745-6215-15-11.
Hernandez AF, Fleurence RL, Rothman RL. The ADAPTABLE trial
and PCORnet: shining light on a new research paradigm. Ann
Intern Med. 2015;163:635–636. doi: 10.7326/M15-1460.
Weber V, Bloom F, Pierdon S, Wood C. Employing the electronic health record to improve diabetes care: a multifaceted
intervention in an integrated delivery system. J Gen Intern Med.
2008;23:379–382. doi: 10.1007/s11606-007-0439-2.
McCowan C, Thomson E, Szmigielski CA, Kalra D, Sullivan
FM, Prokosch HU, Dugas M, Ford I. Using electronic health records to support clinical trials: a report on stakeholder engagement for EHR4CR. Biomed Res Int. 2015;2015:707891. doi:
10.1155/2015/707891.

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

hypertension (TASMINH2): a randomised controlled trial. Lancet.
2010;376:163–172. doi: 10.1016/S0140-6736(10)60964-6.
McManus RJ, Mant J, Haque MS, Bray EP, Bryan S, Greenfield SM,
Jones MI, Jowett S, Little P, Penaloza C, Schwartz C, Shackleford
H, Shovelton C, Varghese J, Williams B, Hobbs FD, Gooding T,
Morrey I, Fisher C, Buckley D. Effect of self-monitoring and medication self-titration on systolic blood pressure in hypertensive
patients at high risk of cardiovascular disease: the TASMIN-SR
randomized clinical trial [published correction appears in JAMA.
2014;312:2169]. JAMA. 2014;312:799–808. doi: 10.1001/
jama.2014.10057.
Pandor A, Thokala P, Gomersall T, Baalbaki H, Stevens JW,
Wang J, Wong R, Brennan A, Fitzgerald P. Home telemonitoring or structured telephone support programmes after recent
discharge in patients with heart failure: systematic review and
economic evaluation. Health Technol Assess. 2013;17:1–207,
v–vi. doi: 10.3310/hta17320.
Koehler F, Winkler S, Schieber M, Sechtem U, Stangl K, Böhm
M, Boll H, Baumann G, Honold M, Koehler K, Gelbrich G, Kirwan
BA, Anker SD; Telemedical Interventional Monitoring in Heart
Failure Investigators. Impact of remote telemedical management
on mortality and hospitalizations in ambulatory patients with
chronic heart failure: the Telemedical Interventional Monitoring
in Heart Failure Study. Circulation. 2011;123:1873–1880. doi:
10.1161/CIRCULATIONAHA.111.018473.
Boyne JJ, Vrijhoef HJ, Crijns HJ, De Weerd G, Kragten J, Gorgels
AP; TEHAF Investigators. Tailored telemonitoring in patients with
heart failure: results of a multicentre randomized controlled
trial. Eur J Heart Fail. 2012;14:791–801. doi: 10.1093/eurjhf/
hfs058.
Takahashi PY, Pecina JL, Upatising B, Chaudhry R, Shah ND,
Van Houten H, Cha S, Croghan I, Naessens JM, Hanson GJ. A
randomized controlled trial of telemonitoring in older adults with
multiple health issues to prevent hospitalizations and emergency
department visits. Arch Intern Med. 2012;172:773–779. doi:
10.1001/archinternmed.2012.256.
Sanders C, Rogers A, Bowen R, Bower P, Hirani S, Cartwright
M, Fitzpatrick R, Knapp M, Barlow J, Hendy J, Chrysanthaki T,
Bardsley M, Newman SP. Exploring barriers to participation and
adoption of telehealth and telecare within the Whole System
Demonstrator trial: a qualitative study. BMC Health Serv Res.
2012;12:220. doi: 10.1186/1472-6963-12-220.
Ong MK, Romano PS, Edgington S, Aronow HU, Auerbach AD,
Black JT, De Marco T, Escarce JJ, Evangelista LS, Hanna B,
Ganiats TG, Greenberg BH, Greenfield S, Kaplan SH, Kimchi
A, Liu H, Lombardo D, Mangione CM, Sadeghi B, Sadeghi B,
Sarrafzadeh M, Tong K, Fonarow GC; Better Effectiveness
After Transition–Heart Failure (BEAT-HF) Research Group.
Effectiveness of remote patient monitoring after discharge of
hospitalized patients with heart failure: the Better Effectiveness
After Transition–Heart Failure (BEAT-HF) randomized clinical trial [published correction appears in JAMA Intern Med.
2016;176:568]. JAMA Intern Med. 2016;176:310–318. doi:
10.1001/jamainternmed.2015.7712.
Carter EV, Hickey KT, Pickham DM, Doering LV, Chen B, Harris
PR, Drew BJ. Feasibility and compliance with daily home electrocardiogram monitoring of the QT interval in heart transplant
recipients. Heart Lung. 2012;41:368–373. doi: 10.1016/j.
hrtlng.2012.02.012.
Abraham WT, Adamson PB, Hasan A, Bourge RC, Pamboukian
SV, Aaron MF, Raval NY. Safety and accuracy of a wireless
pulmonary artery pressure monitoring system in patients with
heart failure. Am Heart J. 2011;161:558–566. doi: 10.1016/j.
ahj.2010.10.041.
Hoppe UC, Vanderheyden M, Sievert H, Brandt MC, Tobar R, Wijns
W, Rozenman Y. Chronic monitoring of pulmonary artery pressure
in patients with severe heart failure: multicentre experience of

April 4, 2017

e855

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

167. Califf RM. Patient-centered outcomes composites: a glimpse of
the future. Circulation. 2014;130:1223–1224. doi: 10.1161/
CIRCULATIONAHA.114.013135.
168. Stolker JM, Spertus JA, Cohen DJ, Jones PG, Jain KK,
Bamberger E, Lonergan BB, Chan PS. Rethinking composite end points in clinical trials: insights from patients and trialists. Circulation. 2014;130:1254–1261. doi: 10.1161/
CIRCULATIONAHA.113.006588.
169. Health Measures. PROMIS. http://www.nihpromis.org/?AspxAuto
DetectCookieSupport=1#3. Accessed May 8, 2016.
170. ICHOM: International Consortium for Health Outcomes Measurement
Web site. http://www.ichom.org/. Accessed May 8, 2016
171. Bradley S, Rumsfeld J, Ho P. Incorporating health status in routine
care to improve health care value: the VA Patient Reported Health
Status Assessment (PROST) System. JAMA. 2016;316:487–
488. doi: 10.1001/jama.2016.6495.
172. Lear SA, Singer J, Banner-Lukaris D, Horvat D, Park JE, Bates
J, Ignaszewski A. Randomized trial of a virtual cardiac rehabilitation program delivered at a distance via the Internet. Circ
Cardiovasc Qual Outcomes. 2014;7:952–959. doi: 10.1161/
CIRCOUTCOMES.114.001230.
173. Hall AK, Cole-Lewis H, Bernhardt JM. Mobile text messaging
for health: a systematic review of reviews. Annu Rev Public
Health. 2015;36:393–415. doi: 10.1146/annurev-publhealth031914-122855.
174. Jones JB, Weiner JP, Shah NR, Stewart WF. The wired patient:
patterns of electronic patient portal use among patients with cardiac disease or diabetes. J Med Internet Res. 2015;17:e42. doi:
10.2196/jmir.3157.
175. Sarkar U, Lyles CR, Parker MM, Allen J, Nguyen R, Moffet HH,
Schillinger D, Karter AJ. Use of the refill function through an online
patient portal is associated with improved adherence to statins
in an integrated health system [published correction appears in
Med Care. 2014;52:453]. Med Care. 2014;52:194–201. doi:
10.1097/MLR.0000000000000069.
176. Fleurence RL, Curtis LH, Califf RM, Platt R, Selby JV, Brown JS.
Launching PCORnet, a national patient-centered clinical research
network. J Am Med Inform Assoc. 2014;21:578–582. doi:
10.1136/amiajnl-2014-002747.
177. Ferdman DJ, Liberman L, Silver ES. A smartphone application
to diagnose the mechanism of pediatric supraventricular tachycardia. Pediatr Cardiol. 2015;36:1452–1457. doi: 10.1007/
s00246-015-1185-6.
178. Haberman ZC, Jahn RT, Bose R, Tun H, Shinbane JS, Doshi
RN, Chang PM, Saxon LA. Wireless smartphone ECG enables
large-scale screening in diverse populations. J Cardiovasc
Electrophysiol. 2015;26:520–526. doi: 10.1111/jce.12634.
179. McManus DD, Lee J, Maitas O, Esa N, Pidikiti R, Carlucci A,
Harrington J, Mick E, Chon KH. A novel application for the detection of an irregular pulse using an iPhone 4S in patients with atrial
fibrillation. Heart Rhythm. 2013;10:315–319. doi: 10.1016/j.
hrthm.2012.12.001.
180. Zhang L, Li Y, Wei FF, Thijs L, Kang YY, Wang S, Xu TY, Wang
JG, Staessen JA. Strategies for classifying patients based
on office, home, and ambulatory blood pressure measurement. Hypertension. 2015;65:1258–1265. doi: 10.1161/
HYPERTENSIONAHA.114.05038.
181. Green BB, Cook AJ, Ralston JD, Fishman PA, Catz SL, Carlson
J, Carrell D, Tyll L, Larson EB, Thompson RS. Effectiveness
of home blood pressure monitoring, Web communication,
and pharmacist care on hypertension control: a randomized controlled trial [published correction appears in JAMA.
2009;302:1972]. JAMA. 2008;299:2857–2867. doi: 10.1001/
jama.299.24.2857.
182. McManus RJ, Mant J, Bray EP, Holder R, Jones MI, Greenfield
S, Kaambwa B, Banting M, Bryan S, Little P, Williams B, Hobbs
FD. Telemonitoring and self-management in the control of

Maddox et al

193.

194.

195.

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

196.

197.

198.

199.

200.

201.

202.

203.
204.

e856

the monitoring Pulmonary Artery Pressure by Implantable device Responding to Ultrasonic Signal (PAPIRUS) II study. Heart.
2009;95:1091–1097. doi: 10.1136/hrt.2008.153486.
Raina A, Abraham WT, Adamson PB, Bauman J, Benza RL.
Limitations of right heart catheterization in the diagnosis and
risk stratification of patients with pulmonary hypertension related to left heart disease: insights from a wireless pulmonary
artery pressure monitoring system. J Heart Lung Transplant.
2015;34:438–447. doi: 10.1016/j.healun.2015.01.983.
Ritzema J, Troughton R, Melton I, Crozier I, Doughty R, Krum H,
Walton A, Adamson P, Kar S, Shah PK, Richards M, Eigler NL,
Whiting JS, Haas GJ, Heywood JT, Frampton CM, Abraham WT;
Hemodynamically Guided Home Self-Therapy in Severe Heart
Failure Patients (HOMEOSTASIS) Study Group. Physician-directed
patient self-management of left atrial pressure in advanced
chronic heart failure. Circulation. 2010;121:1086–1095. doi:
10.1161/CIRCULATIONAHA.108.800490.
Stevenson LW, Zile M, Bennett TD, Kueffer FJ, Jessup ML,
Adamson P, Abraham WT, Manda V, Bourge RC. Chronic
ambulatory intracardiac pressures and future heart failure
events. Circ Heart Fail. 2010;3:580–587. doi: 10.1161/
CIRCHEARTFAILURE.109.923300.
Parthiban N, Esterman A, Mahajan R, Twomey DJ, Pathak RK,
Lau DH, Roberts-Thomson KC, Young GD, Sanders P, Ganesan
AN. Remote monitoring of implantable cardioverter-defibrillators:
a systematic review and meta-analysis of clinical outcomes.
J Am Coll Cardiol. 2015;65:2591–2600. doi: 10.1016/j.
jacc.2015.04.029.
Guédon-Moreau L, Lacroix D, Sadoul N, Clémenty J, Kouakam
C, Hermida JS, Aliot E, Boursier M, Bizeau O, Kacet S; ECOST
Trial Investigators. A randomized study of remote follow-up of implantable cardioverter defibrillators: safety and efficacy report of
the ECOST trial. Eur Heart J. 2013;34:605–614. doi: 10.1093/
eurheartj/ehs425.
Varma N, Epstein AE, Irimpen A, Schweikert R, Love C; TRUST
Investigators. Efficacy and safety of automatic remote monitoring for implantable cardioverter-defibrillator follow-up: the
Lumos-T Safely Reduces Routine Office Device Follow-up
(TRUST) trial. Circulation. 2010;122:325–332. doi: 10.1161/
CIRCULATIONAHA.110.937409.
Ricci RP, Morichelli L, Quarta L, Porfili A, Magris B, Giovene L,
Torcinaro S, Gargaro A. Effect of daily remote monitoring on
pacemaker longevity: a retrospective analysis. Heart Rhythm.
2015;12:330–337. doi: 10.1016/j.hrthm.2014.10.028.
Blanck Z, Axtell K, Brodhagen K, O’Hearn L, Albelo T, Ceretto C,
Dhala A, Sra J, Akhtar M. Inappropriate shocks in patients with
Fidelis® lead fractures: impact of remote monitoring and the lead
integrity algorithm. J Cardiovasc Electrophysiol. 2011;22:1107–
1114. doi: 10.1111/j.1540-8167.2011.02077.x.
Chaudhry SI, Mattera JA, Curtis JP, Spertus JA, Herrin J,
Lin Z, Phillips CO, Hodshon BV, Cooper LS, Krumholz HM.
Telemonitoring in patients with heart failure [published corrections appear in N Engl J Med. 2011;364:490 and N Engl J Med.
2013;369:1869]. N Engl J Med. 2010;363:2301–2309. doi:
10.1056/NEJMoa1010029.
Chan M, Estève D, Fourniols JY, Escriba C, Campo E.
Smart wearable systems: current status and future challenges. Artif Intell Med. 2012;56:137–156. doi: 10.1016/j.
artmed.2012.09.003.
Patel MS, Asch DA, Volpp KG. Wearable devices as facilitators,
not drivers, of health behavior change. JAMA. 2015;313:459–
460. doi: 10.1001/jama.2014.14781.
Kao DP, Lindenfeld J, Macaulay D, Birnbaum HG, Jarvis JL, Desai
US, Page RL 2nd. Impact of a telehealth and care management
program on all-cause mortality and healthcare utilization in patients with heart failure. Telemed J E Health. 2016;22:2–11. doi:
10.1089/tmj.2015.0007.

April 4, 2017

205. Cosgrove DM, Fisher M, Gabow P, Gottlieb G, Halvorson
GC, James BC, Kaplan GS, Perlin JB, Petzel R, Steele GD,
Toussaint JS. Ten strategies to lower costs, improve quality, and engage patients: the view from leading health system
CEOs. Health Aff (Millwood). 2013;32:321–327. doi: 10.1377/
hlthaff.2012.1074.
206. Greenfield S, Kaplan SH, Ware JE Jr, Yano EM, Frank HJ.
Patients’ participation in medical care: effects on blood sugar control and quality of life in diabetes. J Gen Intern Med.
1988;3:448–457.
207. Hibbard JH, Greene J. What the evidence shows about patient
activation: better health outcomes and care experiences; fewer
data on costs. Health Aff (Millwood). 2013;32:207–214. doi:
10.1377/hlthaff.2012.1061.
208. Hibbard JH, Greene J, Overton V. Patients with lower activation
associated with higher costs: delivery systems should know their
patients’ “scores.” Health Aff (Millwood). 2013;32:216–222. doi:
10.1377/hlthaff.2012.1064.
209. Naik AD, Dyer CB, Kunik ME, McCullough LB. Patient autonomy for the management of chronic conditions: a two-component re-conceptualization. Am J Bioeth. 2009;9:23–30. doi:
10.1080/15265160802654111.
210. Tinetti ME, Naik AD, Dodson JA. Moving from disease-centered to
patient goals-directed care for patients with multiple chronic conditions: patient value-based care. JAMA Cardiol. 2016;1:9–10.
doi: 10.1001/jamacardio.2015.0248.
211. Naik AD, Palmer N, Petersen NJ, Street RL, Rao R, Suarez-Almazor
M, Haidet P. Comparative effectiveness of goal setting in diabetes
mellitus group clinics: randomized clinical trial. Arch Intern Med.
2011;171:453–459. doi: 10.1001/archinternmed.2011.70.
212. Bodenheimer T. The Oregon Health Plan–lessons for the nation: first of two parts. N Engl J Med. 1997;337:651–655. doi:
10.1056/NEJM199708283370923.
213. Lynn J, McKethan A, Jha AK. Value-based payments require valuing what matters to patients. JAMA. 2015;314:1445–1446. doi:
10.1001/jama.2015.8909.
214. Coylewright M, Shepel K, Leblanc A, Pencille L, Hess E, Shah
N, Montori VM, Ting HH. Shared decision making in patients
with stable coronary artery disease: PCI choice. PLoS One.
2012;7:e49827. doi: 10.1371/journal.pone.0049827.
215. Matlock DD, Nowels CT, Masoudi FA, Sauer WH, Bekelman DB,
Main DS, Kutner JS. Patient and cardiologist perceptions on decision making for implantable cardioverter-defibrillators: a qualitative study. Pacing Clin Electrophysiol. 2011;34:1634–1644. doi:
10.1111/j.1540-8159.2011.03237.x.
216. Teno JM, Gozalo PL, Bynum JPW, Leland NE, Miller SC, Morden
NE, Scupp T, Goodman DC, Mor V. Change in end-of-life care
for Medicare beneficiaries: site of death, place of care, and
health care transitions in 2000, 2005, and 2009. JAMA.
2013;309:470–477. doi: 10.1001/jama.2012.207624.
217. Mann DM, Ponieman D, Montori VM, Arciniega J, McGinn T.
The Statin Choice decision aid in primary care: a randomized
trial. Patient Educ Couns. 2010;80:138–140. doi: 10.1016/j.
pec.2009.10.008.
218. Thompson JS, Matlock DD, McIlvennan CK, Jenkins AR, Allen
LA. Development of a decision aid for patients with advanced
heart failure considering a destination therapy left ventricular assist device. JACC Heart Fail. 2015;3:965–976. doi: 10.1016/j.
jchf.2015.09.007.
219. PCORI-1310–06998 Trial of a Decision Support Intervention
for Patients and Caregivers Offered Destination Therapy Heart
Assist Device. https://clinicaltrials.gov/ct2/show/NCT02344576.
Accessed January 5, 2017.
220. Hess EP, Coylewright M, Frosch DL, Shah ND. Implementation
of shared decision making in cardiovascular care: past, present,
and future. Circ Cardiovasc Qual Outcomes. 2014;7:797–803.
doi: 10.1161/CIRCOUTCOMES.113.000351.

Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

Learning Healthcare System and Cardiovascular Care
221. Sanghavi DM, Conway PH. Paying for prevention: a novel test of
medicare value-based payment for cardiovascular risk reduction.
JAMA. 2015;314:123–124. doi: 10.1001/jama.2015.6681.
222. Institute for Healthcare Improvement. Like Magic? (“Every system is
perfectly designed…”). http://www.ihi.org/communities/blogs/_
layouts/ihi/community/blog/itemview.aspx?List=7d1126ec-8f634a3b-9926-c44ea3036813&ID=159. Accessed August 3, 2016.
223. Lee TH. Eulogy for a quality measure. N Engl J Med.
2007;357:1175–1177. doi: 10.1056/NEJMp078102.
224. Bradley EH, Holmboe ES, Mattera JA, Roumanis SA, Radford
MJ, Krumholz HM. A qualitative study of increasing beta-blocker
use after myocardial infarction: why do some hospitals succeed?
JAMA. 2001;285:2604–2611.
225. Abernethy AP, Etheredge LM, Ganz PA, Wallace P, German RR,
Neti C, Bach PB, Murphy SB. Rapid-learning system for cancer care. J Clin Oncol. 2010;28:4268–4274. doi: 10.1200/
JCO.2010.28.5478.

226. Toussaint J, Gerard RA. On the Mend: Revolutionizing Healthcare
to Save Lives and Transform the Industry. Cambridge, MA: Lean
Enterprise Institute, Inc; 2010.
227. Toussaint JS. Healthcare improvement can’t happen without
better management. Healthc (Amst). 2016;4:127–128. doi:
10.1016/j.hjdsi.2016.02.008.
228. Tsai TC, Jha AK, Gawande AA, Huckman RS, Bloom N, Sadun
R. Hospital board and management practices are strongly related to hospital performance on clinical quality metrics. Health
Aff (Millwood). 2015;34:1304–1311. doi: 10.1377/hlthaff.
2014.1282.
229. Federico F, Bonacum D. Strengthening the core: middle managers play a vital role in improving safety. Healthc Exec.
2010;25:68–70.
230. Reinertsen JL, Johnson KM. Rounding to influence: leadership
method helps executives answer the “hows” in patient safety initiatives. Healthc Exec. 2010;25:72–75.

CLINICAL STATEMENTS
AND GUIDELINES

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017
Circulation. 2017;135:e826–e857. DOI: 10.1161/CIR.0000000000000480

April 4, 2017

e857

Downloaded from http://circ.ahajournals.org/ by guest on July 22, 2017

The Learning Healthcare System and Cardiovascular Care: A Scientific Statement From
the American Heart Association
Thomas M. Maddox, Nancy M. Albert, William B. Borden, Lesley H. Curtis, T. Bruce
Ferguson, Jr, David P. Kao, Gregory M. Marcus, Eric D. Peterson, Rita Redberg, John S.
Rumsfeld, Nilay D. Shah and James E. Tcheng
On behalf of the American Heart Association Council on Quality of Care and Outcomes
Research; Council on Cardiovascular Disease in the Young; Council on Clinical Cardiology;
Council on Functional Genomics and Translational Biology; and Stroke Council
Circulation. 2017;135:e826-e857; originally published online March 2, 2017;
doi: 10.1161/CIR.0000000000000480
Circulation is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231
Copyright © 2017 American Heart Association, Inc. All rights reserved.
Print ISSN: 0009-7322. Online ISSN: 1524-4539

The online version of this article, along with updated information and services, is located on the
World Wide Web at:
http://circ.ahajournals.org/content/135/14/e826

Permissions: Requests for permissions to reproduce figures, tables, or portions of articles originally published
in Circulation can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial
Office. Once the online version of the published article for which permission is being requested is located,
click Request Permissions in the middle column of the Web page under Services. Further information about
this process is available in the Permissions and Rights Question and Answer document.
Reprints: Information about reprints can be found online at:
http://www.lww.com/reprints
Subscriptions: Information about subscribing to Circulation is online at:
http://circ.ahajournals.org//subscriptions/

