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EXECUTIVE SUMMARY

Healthcare transformation is the product of a shared
vision between a broad range of stakeholders to establish
the future of care delivery and to develop new patient-
centered, evidence-driven models in which value is
rewarded over volume. Important within this trans-
formation are newly developed and rapidly evolving
technology-based innovations. These include: digital
health with wearable, smartphone, and sensor-based
technologies; big data that comprises the aggregation of
large quantities of structured and unstructured health
information and sophisticated analyses with artificial in-
telligence, machine learning, and natural language pro-
cessing techniques; and precision-health approaches to
identify individual-level risk and the determinants of
wellness and pathogenicity. Although there is promise in
the development of such innovations to shift traditional
healthcare delivery to virtual and real-time methods and
to empower the healthcare enterprise to utilize new
technologies and data analytics, there remains a lack of
true evaluation of whether these innovations actually
improve outcomes and the quality of care. There are
major integration challenges across the spectrum of
health care for the effective use of new devices, data, and
precision-health approaches within existing health in-
formation technology systems. Furthermore, early adop-
tion of new innovations that are not evidence-based or
those that have yet to demonstrate effective integration
into patient care may risk unintended consequences, such
as breaches of privacy or inadvertently increasing the
costs of care. Achieving meaningful transformation
requires organizational governance to guide the devel-
opment of clinical programs and the next phase of
research methodologies, and to align the objectives from
a cooperative network of partners and stakeholders.



Bhavnani et al. J A C C V O L . 7 0 , N O . 2 1 , 2 0 1 7

Innovation Roadmap HPS N O V E M B E R 2 8 , 2 0 1 7 : 2 6 9 6 – 7 1 8

2698
To better understand the scope of the challenges in
implementing new healthcare innovations, and to iden-
tify solutions, the American College of Cardiology (ACC)
convened a Healthcare Innovation Summit to under-
stand the needs and perspectives of various stake-
holders across health care, including patient advocacy
groups, clinicians, investigators, policy, entrepreneur-
ship, and industry. The aggregated perspectives
informed a resultant ACC Health Policy Statement that
intends to advocate, inform, and guide healthcare
policies and programs related to new healthcare
innovations.

Through stakeholder engagement and evidence-based
review, the priority objectives for the ACC outlined in
this Health Policy Statement are to:

n Continuously engage a multidisciplinary group of
stakeholders in an “Innovation Collaborative” to foster
an understanding of how patient care guides the
development and integration of new technologies;

n Drive patient-centric innovation by broadening patient
access to health information, consumer empower-
ment, and clinician activation;

n Support research into new innovations, including
academic pursuits with members in the U.S. and in-
ternational chapters, and incorporate rural and un-
derserved populations in the next phase of device and
precision-based clinical trials;

n Develop a “Compact for Human-Centered Design” and
a commitment to measuring the impact of new
innovations on health, access, equity, costs, and out-
comes through evidence generation and development
of best practice models;

n Harness the principles of evaluation, integration, pa-
tient and clinician engagement, and measures of care
efficiency as “Innovation Platforms” in an inclusive
and iterative model to advance new technology
development centered around the factors important to
patients, clinicians, and healthcare institutions; and

n Identify mile markers for success for innovation ac-
tivities, including the creation of new ACC innovation
groups to guide activities that represent all member
types, including fellows-in training.

Transformation is likely to result from a confluence of
approaches that brings together those seeking to
improve care delivery. Organizing the advances in digital
health, big data, and precision health pertinent to
research and patient care, and sharing resources through
stakeholder engagement and partnerships should be
used to demonstrate value, and to be an opportunity to
assess the impact of new innovations on the quality of
care within the ACC and for the healthcare community at
large.

PREAMBLE

This document has been developed as a health policy
statement by the ACC. Health policy statements are
intended to promote or advocate a position, be informa-
tional in nature, and offer guidance to the stakeholder
community regarding the stance of the ACC and other
contributing organizations on healthcare policies and
programs. They are overseen by the ACC Task Force on
Health Policy Statements and Systems of Care. The topic
of healthcare innovation was identified by the Science
and Quality Committee (SQC), the parent committee of
the Task Force, as an area of interest for a health policy
statement based on the first Healthcare Innovation Sum-
mit held in September 2016. A roadmap for innovation
was drafted to summarize the information presented at
the summit and to aggregate the perspectives related to
the advances in digital health, big data, and precision
health from a multidisciplinary group of stakeholders.
The resulting position is reflected in this statement.

To avoid actual, potential, or perceived conflicts of in-
terest that may arise as a result of industry relationships or
personal interests among the writing committee, all
members of the writing committee, as well as peer re-
viewers of the document, are asked to disclose all current
digital health-related relationships, including those exist-
ing 12 months before initiation of the writing effort. These
disclosures are reviewed to determine which companies
make products (on market or in development) that pertain
to the document under development. Based on this infor-
mation, a writing committee is formed to include a ma-
jority of members with no relevant relationships with
industry (RWI) and other entities, led by a chair with no
relevant RWI. Authors with relevant RWI are not permitted
to vote on recommendations pertaining to their RWI. On all
conference calls, RWI is reviewed and updated as changes
occur. Author and peer reviewer RWI pertinent to this
document are disclosed in Appendixes 1 and 2, respec-
tively. In addition, to ensure complete transparency, au-
thors’ comprehensive disclosure information—including
RWI not pertinent to this document—is available as an
online supplement to this document. The ACC disclosure
policy for document development is available online. The
work of the writing committee was supported exclusively
by the ACC without commercial support. Writing commit-
tee members volunteered their time to this effort. Con-
ference calls of the writing committee were confidential

http://jaccjacc.acc.org/Clinical_Document/Innovation_Roadmap_Author_Comprehensive_RWI.pdf
http://www.acc.org/guidelines/about-guidelines-and-clinical-documents/relationships-with-industry-policy
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and attended only by committee members and appropriate
ACC staff.

Dharam J. Kumbhani, MD, SM, FACC
Chair, ACC Task Force on Health Policy Statements and

Systems of Care

1. INTRODUCTION

1.1. American College of Cardiology
Healthcare Innovation Summit

The ACC convened an inaugural Innovation Summit in
September 2016 to provide a framework for determining
how the advances in 3 evolving healthcare arenas—
digital health, big data, and precision health—can
meaningfully transform the delivery of healthcare. This
summit was specifically designed to understand the
needs and perspectives of stakeholders across health
care, including patients/patient advocacy groups, clini-
cians, academia, government, healthcare administration,
business, entrepreneurship, and industry. Principal areas
of discussion included:

1) identifying the challenges of implementing digital
health, big data, and precision health into new models
of patient care and research;

2) outlining the highest-priority goals for healthcare
transformation;

3) defining the regulatory and evaluative pathways
pertinent to emerging innovations and consumer-ori-
ented technologies; and

4) creating new patient-clinician-industry collaborations
that accelerate the adoption of new technologies
within clinical practice.

The primary purposes of this Health Policy Statement
are to identify the necessary actions for the ACC and our
members to support advances in these arenas, and to
create new multidisciplinary strategies for clinical prac-
tice, patient engagement, and industry partnerships
across the spectrum of healthcare stakeholders. The ac-
tions within this document are based on summit partici-
pant input, literature review, and the available evidence,
and aim to incorporate the key principles of evaluation,
integration, and engagement relevant to each stake-
holder. Ultimately, the objective for the ACC is to execute
these actions, which collectively constitute an innovation
strategy to help advance our mission to transform car-
diovascular care and improve health outcomes.

1.2. New and Evolving Healthcare Innovations

Stakeholders across health care have largely supported
the concept that new and emerging innovations and
technologies can transform health care into a model that
is increasingly patient-centered and transparent, and that
will thereby improve outcomes and reduce costs (1–4).
Fueled by social and mobility trends, smartphone tech-
nologies and cloud computing are creating an expansive
ecosystem of digitized diagnostic tests, electronic health
records (EHRs), and portable health devices. The combi-
nation of these is catalyzing a transition in the methods of
healthcare delivery from traditional hospital- or office-
based visitations, to technology-based encounters that
are virtual, on-demand, and patient-generated (5). The
recently approved 21st Century Cures Act is one step to-
ward a streamlined process for new technology approvals.
This legislation increases capacity building for data
sharing as new public health initiatives are developed,
includes provisions to further empower patients and
improve their access to health information, and promotes
designs to improve the efficiency of technology-based
clinical trials through both precision- and population-
based approaches (6). In the aggregate, the development
of new innovations, their application to health care, and
the ease and ability to share information are positioning
patient care to become increasingly value-based, and are
driving practice patterns to become more proactive,
engaging, and participatory.

Examining the key trends in new innovations and their
applications for research and clinical practice brings these
healthcare transformations into focus (Figure 1). The first is
“digital health,” which encompasses the emergence of
wireless mobile health (mHealth), wearable and
smartphone-connected devices that are increasingly
available to measure health in real time. Leveraging nearly
ubiquitous Internet connectivity, such programs are
providing real-time data transfer of biophysical measure-
ments and patient-generated data to practitioners for
clinical decisions and are providing a digital mechanism to
facilitate shared-decision making (7). The second trend is
“big data” that is enabled by the continuous acquisition of
diverse datasets and aggregation of large amounts of in-
formation. These acquisition processes allow for the
application of newly developed and sophisticated data
analyses that are providing robust and highly specific in-
formation for biomedical, clinical, and operational decision
making (8). The third trend is “precision health,” a devel-
opment initially viewed solely as genomic medicine but
that now encompasses a broader field. This field includes
the individual-level risk derived from clinical measures,
familial inheritance, and social and environmental factors,
as well as the application of various new “-omic”
sequencing tools (metabolome, microbiome, epigenome,
and proteome) to enhance our knowledge of systems
biology, human physiology, and pathogenicity (9,10).

Integrating real-time, patient-generated data through
wearable and implantable sensor-based technologies with
a wide range of existing health information and data
sources can provide a highly granular view of the de-
terminants of health, and specifically, a means of



FIGURE 1 New Innovations in Healthcare

Infographic of emerging innovations and developments in digital health (14–32), big data (33–51), and precision health (52–78) and their intraconnections and

interconnections. 3d indicates 3-dimensional; CRISPR, clustered regularly interspaced short palindromic repeats; DNA, deoxyrybonucleic acid; iPSC, induced

pluripotent stem cells; RNA, ribonucleic acid; SNP, single nucleotide polymorphism; WGS, whole genome sequencing.
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characterizing the factors that drive progression from
subclinical disease to pathological phenotypes (11–13).
Paralleling these developments, high-fidelity sequencing
and deep clinical profiling are forming the basis to more
accurately determine genome-phenome associations and
for understanding the intraindividual and interindividual
variations in response to lifestyle modifications, medica-
tions, and device-based interventions.

Taken together, digital-sensing devices and multiomic
information form a large-scale collection of biological,
radiological, and translational bioinformatics datasets
with research and clinical-decision support applications.
Making full use of these multidimensional data streams
necessitates the development of standardized methods of
data aggregation and analysis and cross-disciplinary
translation of emerging computational techniques, such
as machine learning, natural-language processing, and
artificial intelligence. The application of these new
analytical methods to health care can enable us to define
the dynamic patterns of health and disease and to create
more efficient and sustainable models of care that are
driven by data and technology (79,80).
1.3. Unintended Consequences of
Technological Transformation

Technological advances commonly occur too quickly for
existing healthcare practice to keep up, thus creating a
mismatch between the rate of development of new
technologies and preparedness of the system for effec-
tive integration and utilization of new technology-based
initiatives. The slow adoption is due to a multitude of
factors. These range from a lack of scientific rigor to
ensure the effectiveness and safety of newly-developed
technologies, to an assumption that practitioners will
alter their practice patterns and workflows to accom-
modate new devices, data analytics, or precision-based
approaches for patient care (81). Over the past decade,
the transition to EHRs in the United States has produced
a shift from fragmented, paper-based care coordination
to digitally-enabled data capture for both e-prescribing
and quality reporting (82). Although the transition to
electronic media constitutes a major effort to improve
healthcare service delivery, the mandate for digital
documentation and communication has resulted in sig-
nificant integration and interoperability challenges.



FIGURE 2 Digital Data and Analytics Continuum
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These challenges, in part, have led to deep clinician
dissatisfaction and workflow constraints stemming from
additional documentation requirements that add time to
already complex workflows, a lack of harmonization
leading to nonstandardized practices, and poor incentive
structures to drive economic benefit resulting from the
adoption of EHR systems (83,84).

Given that complex challenges exist as new technolo-
gies are applied to patient care, to ensure success, several
fundamental steps are necessary as new innovations are
vetted by research and, when appropriate, adopted into
clinical practice. These include (Figure 2): developing new
systems of practice that incorporate emerging digital,
genomic, and personalized datasets (85,86); streamlining
regulatory and research frameworks; creating effective
methods of collecting, analyzing, and communicating
digital data for clinical-decision support; identifying the
factors that drive care efficiency and outcomes; and
stimulating both physician interest and active patient
participation (87).

These requirements notwithstanding, the imple-
mentation of new data- and technology-based initiatives
can be used in 2 healthcare delivery model examples. The
first is within established health systems that are based on
existing and constrained information technology and data
infrastructures. The second is within the design of next-
generation “learning health systems.” Such systems are
based on a socio-technical transformation that harnesses
continuous data collection and analytics to generate new
knowledge, optimize resource allocation, and improve
organizational processes (88–91). Within both (Figure 3),
new data- and technology-based innovations involve an
iterative process of design, implementation, evaluation,
and adjustment and provide a bidirectional flow of in-
formation between research and patient care to solve key
clinical problems, eliminate common healthcare in-
efficiencies, and demonstrate economically viable health
care for an ever aging and growing chronic-disease pop-
ulation (92–94).

2. VITAL DIRECTIONS FOR THE

AMERICAN COLLEGE OF CARDIOLOGY

To align these developments with the ACC’s core princi-
ples and priorities for patients and clinicians and to
demonstrate value for various stakeholders, the ACC
must position itself with several priority measures and
“Vital Directions” (95) that accelerate new innovations
for positive care transformation (79,96–100). In order to
scale, new healthcare innovations require:

1. Partnerships across healthcare stakeholders;
2. Direction on patient and clinician engagement and the

adoption of new technologies in clinical practice;
3. Environments that support research and development

of new innovations; and
4. Generation of clinically meaningful findings that lead

to the development of best-practice methods.

2.1. Innovation Collaborative Across Healthcare Stakeholders

The ACC will strive to lead meaningful innovation in
cardiovascular care by facilitating the creation of an
“Innovation Collaborative.” This will bring together pa-
tients, caregivers, clinicians, industry partners, technology
entrepreneurs, payers, and administrators to better un-
derstand the opportunities and problems to be prioritized,
and to engage in multidirectional collaborations. Such
collaborations foster an understanding for how patient
care guides the development, evaluation, and integration
of new technologies. Key roles for the ACC are to facilitate



FIGURE 3 Developmental Cycle for New Innovations in Research and Clinical Practice
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new stakeholder partnerships, promote collaborative ef-
forts to identify unmet clinical needs, and to implement
new ideas. Important factors relevant to care efficiency
may emerge during the facilitation of an innovation
collaborative. Promoting collaboration and forging new
partnerships will enable various stakeholders to assess
available products more rapidly and to mitigate the risks
and impediments associated with the development and
curation of new innovations specific for patient care.

2.2. Provide Directions on Patient and Clinician Engagement

The healthcare sector at large is committed to further
understanding what patients and clinicians require from
new innovations and to identify those measures aimed at
solving key clinical problems (1–4). Identifying these pri-
ority measures will allow the ACC to seek the necessary
resources and partnerships to drive new innovations
that improve access to healthcare services, and to facili-
tate more personalized and patient-centered models of
care. Implementing these new innovations in a patient-
and clinician-centric manner will capture the advantages
of user-generated data, thus leading to enhanced patient-
caregiver-clinician communication and making it possible
to leverage guidance from patient advocacy groups and
practitioners within new technology development and
evaluation. These changes will, in turn, improve the
ability to characterize the effectiveness of new technolo-
gies in clinical practice.
2.3. Support Research Into and Development of
New Innovations

The ACC is committed to strengthening the biomedical
research enterprise and seeks to support research meth-
odologies and academic pursuits in digital health, big
data, and precision health. In addition, we will support
and encourage our members in U.S. and international
chapters to become involved in these arenas that include
research into the development, evaluation, and safety of
new technologies; interoperability; user interface; data
analytics and processing; as well as research to assess the
impact of technology-enabled initiatives on healthcare
quality, costs, and outcomes. In parallel, the ACC will
assist researchers by providing awareness of specific
funding relevant to new innovations and a framework on
how best to evaluate the outcomes of such innovations.
The involvement of fellows-in-training will need to be
prioritized as new research infrastructures and educa-
tional curricula are developed and as new multidisci-
plinary research teams are formed.

2.4. Generate Evidence-Based Best Practices for
Guideline Consensus and Patient Care

It is unclear how the healthcare community should
develop the resources necessary for administering digital
health, big data, or precision-health services within fields
that do not have established regulatory frameworks (101).
Therefore, priority objectives for the ACC are to:
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n Review the evidence that supports the generation of
guideline-based consensus;

n Create working groups specific to the development and
evaluation of new innovations;

n Solicit input from key opinion leaders;
n Devise and disseminate best-practice models focused

on workflow integration, costs of care, and outcomes;
and

n Define the clinical, technological, and financial prior-
ities for federal advocacy.

To identify best practices, the ACC is currently pursu-
ing, and will continue to request, input from those prac-
titioners and administrators who have successfully
utilized new technologies within value-based practice
environments. Continuous dissemination of information
and the emerging evidence of best practices will enable
the ACC to engage our members in ongoing needs as-
sessments and to promote policy dialogues relevant to
stakeholders and payers. Through partnerships and the
ACC’s objectives to facilitate collaborations (see Section
2.1), such policy and advocacy activities include: promot-
ing methods for data sharing across healthcare stake-
holders; sharing pre- and post-market evidence and
efficacy evaluations; and advancing an agenda centered
around a commitment to patient-centered innovation to
the U.S. Food and Drug Administration, the Center for
Device and Radiological Health, the National Institutes of
Health, and other federal agencies involved in the devel-
opment and evaluation of new healthcare innovations.

3. STAKEHOLDER PERSPECTIVES AND

IDENTIFYING THE KEY ACCELERANTS FOR

HEALTHCARE TRANSFORMATION

By soliciting input from a broad variety of healthcare
stakeholders (See Online Supplementary Table), the ACC
can develop an ongoing and thorough needs assessment
to understand how the pace of consumer and patient
expectations are changing, as well as the factors leading
to cultural transformation with new technologies, data,
and precision-health approaches. Obtaining input from a
diverse range of stakeholders will also help the ACC adapt
to the challenges associated with conducting technology-
based clinical trials and for evidence generation. Finally,
these stakeholders’ perspectives will identify the func-
tions that the ACC can facilitate to address these chal-
lenges and to incorporate the key accelerants for
organizational governance as new programs are designed.

3.1. Patients as Partners

In contrast to viewing the position of patients as “end-
users” of healthcare delivery and services, engaging pa-
tients as “partners,” with a role that is facilitated by
increased access, can provide a key accelerant for
healthcare transformation. New technology-based pro-
grams can be designed and focused on patient-centric
models of care to allow patients to access their data and
contribute to shared decision-making (102,103). Data from
information and communication technologies, mHealth,
and point-of-care devices can approach patient-
centeredness from different directions to better under-
stand how disease burden influences the way patients
engage in self-care. Such initiatives can also provide in-
formation on how new devices are utilized in real-world
settings and can provide a digital method to collect and
track important patient-reported outcomes for more ac-
curate and real-time assessments of health and disease
(104,105). Patient-centered innovation within the early
stages of research and technology development can
enable rapid identification of high-priority clinical prob-
lems and gaps in care delivery, and may guide post-
market approval including decisions for payment
coverage as new innovations are translated into patient
care (106). Inclusion of diverse patient populations and
those located in international, rural, and underserved
communities will advance our knowledge of the effec-
tiveness of new innovations (107). Greater inclusivity will
also enhance community participation for the develop-
ment of pragmatic device- and genomic-based initiatives.

3.2. Augmenting Clinical Workflows

A primary function of new innovations is to improve the
efficiency and effectiveness of care delivery (98). Key
accelerants of such improvements include identifying
those technologies that replace common workflow tasks
within episodic care, particularly for chronic diseases, and
the enhancement of patient and caregiver participation.
Integration of new technologies into clinical practice may
introduce new models of care such as telehealth and vir-
tual care, with such models providing a method for
ongoing chronic care management, patient participation,
and workflow augmentation. An essential requirement for
modifying workflow is the translation of digitally-derived
data into clinically useful information. These data can
include information to facilitate medication adherence, to
monitor the trajectory of health status, and for quality
improvement initiatives. An additional accelerant for
optimization of clinical workflow is matching the use of
resource and care management on the one hand, to the
intensity of care and follow-up, on the other. Improving
workflow in this manner requires aligning clinician and
administrator objectives for how new innovations inte-
grate to patient-care, and the various requirements
including technical, financial, and personnel-related fac-
tors that determine new technology functionality and
usability. Moving data such as that derived from genomic
sequencing technologies, point-of-care laboratory testing,
and handheld imaging to the patient-physician interface

http://jaccjacc.acc.org/Clinical_Document/Online_Supplement_2017_Innovation_Roadmap.pdf
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can harness this data to quantify individual patient risk
for precision-health approaches to diagnosis and treat-
ment. Developing such models of personalized care re-
quires that data derived from new technologies be
incorporated into both EHRs and existing patient-related
data sources (98). This practice would render data avail-
able for analysis, thereby facilitating findings that drive
efficient patient care and streamline clinical workflows.

3.3. Open Data and Data Transparency

Several present-day data initiatives are accelerating the
development of new methods to execute clinical trials,
disseminate their results, and provide free access to
research datasets. These include: 1) proposals to provide
open access to publicly and privately funded clinical trial
databases and research results (41,108); 2) sharing of
detailed genotypic, clinical, radiographic, and outcomes
information from population-based biomedical data re-
positories to generate new insights into disease predic-
tion and prevention (109); and 3) public and patient
participation to collect health data and vital statistics in
new online citizen-science and crowdsourcing platforms
for research and public-industry-academic collaborations
(110). Key factors to increase data transparency are for
patients and consumers to access their health records and
related health information both electronically and freely.
Greater inclusivity and patient access requires simple,
longitudinal formats that are easy to understand, secure,
and are automatically updated. As patient care and
research migrate into digital and cloud-based platforms, it
becomes easier to share research results and practice-
based observations relating the efficacy, safety, and out-
comes of new medical innovations, thereby also promot-
ing transparency of research methodologies (111,112).
Paralleling these open-data efforts, leveraging existing
databases—such as the ACC’s National Cardiovascular
Data Registry (NCDR) programs—may provide a means of
enhancing public and industry collaborations. These da-
tabases may also function as an integrated and robust
medium via which to incorporate data from new tech-
nologies for the next phase of quality improvement and
population health initiatives.

4. A COMPACT FOR HUMAN-CENTERED DESIGN

Because new healthcare initiatives typically have multi-
ple broad objectives, practical considerations constrain
the design of large effective programs, and for how new
innovations are identified, deployed, and scaled across
various health systems and practice settings (113). Herein,
we propose a “Compact for Human-Centered Design” that
is focused on the key principles of clinical practice and
patient engagement. A model for healthcare innovation
that is focused on human-centered design is not only
critical, but is also an opportunity to develop new com-
petencies that align with a rapidly changing healthcare
environment. This compact (Table 1) is structured to
include the design factors for implementation of new in-
novations and to identify the elements important to each
healthcare stakeholder within 5 principal categories:

1. Identification of the priority problems to solve;
2. Facilitation of meaningful communication and infor-

mation exchange;
3. User (patient, caregiver, and physician) activation;
4. Dedicated infrastructure and resources; and
5. Cultural empowerment and best practice models.

It is crucial to understand a number of factors within this
compact as new innovations are developed and translated
to patient care. For instance, when considering healthcare
transformation with digital health, big data, or precision
health, the first steps comprise understanding several
factors including: 1) identification of high-priority clinical
problems; 2) user-related factors specific to patients,
caregivers, and practitioners; and 3) factors pertinent to
clinical workflows, outcomes, and cost containment. This
strategy is fundamentally different from a “technology-
leading” strategy, which is pursued in search of a clinical
problem and where new innovations are designed to
disrupt healthcare processes by introducing new devices
and data for consumer engagement and discovery (114).
The design principles of each strategy hinge on different
focal points: one is health and patient-centric innovation,
and the other is a technology-driven focus. The differential
effect resulting from a lack of synergy between both often
leads to variability in outcomes and in the type of value
derived for patients and healthcare stakeholders. Such
variability may be mitigated, if not avoided, when
employing human-centered principles prior to the adop-
tion of new innovations in clinical practice.

Structured design principles are beneficial for the
challenges of dynamic practice patterns, chronic disease
management, and rising costs of care, and to identify the
technical requirements, resources, and people necessary
prior to implementing new innovations for patient care
(115). For example, in contrast to usual practice patterns
and physician prescription for diagnostic tests and thera-
peutics, health care is seeing direct-to-patient marketing
of an increasing number of new innovations such as
personalized genomic-technologies and mobile health
devices. In this regard, consumerization represents a
major shift in the manner that patients acquire and engage
with healthcare services (116). In 2014 to 2015, over 20
million individuals in the United States sought a virtual
healthcare encounter outside of a traditional clinic visi-
tation—through smartphone applications, Internet video–
based programs, or retail channels and pharmacy-based
clinics (117). On the basis of the increasing availability of



TABLE 1
Compact for Human-Centered Designs and the Principal Components for the Implementation of
New Healthcare Innovations

Compact for Human-Centered
Design Specific Elements

Principal Components for the Implementation of
New Healthcare Innovations

Identification of the priority
problems to solve.

Utilize new digital health, data analytics,
and personalized medicine to:
n Improve outcomes,
n Enhance patient engagement, and
n Reduce healthcare costs.

n Identify the high-cost, high-burden clinical conditions (e.g., diabetes,
hypertension, obesity, coronary disease, adult congenital heart disease,
heart failure) and those processes of care that can be augmented with
new technologies.

n Determine how technology-enabled care improves healthcare access for
consumers and patients.

n Identify methods for the implementation of new innovations for rural and
underserved communities.

Facilitating meaningful
communication and information
exchange.

Match clinic-based needs with technology
solutions.

n Identify the clinical and patient use cases that support new technologies.
n Determine the use-case scenarios for next-generation genome

sequencing and personalized-medicine techniques in patient care.
n Match digital retention with new technologies and patient expectations

for long-term care.

Data exchange:
n Enable integration of data from

multiple sources.
n Translate data analytics into useful

clinical information.

n Leverage existing datasets and clinical registries (e.g., the ACC’s NCDR
programs) for new predictive analytics.

n Merge personal health, patient-reported outcomes, and mHealth device
data within clinical registries.

n Improve data extraction from EHRs for quality improvement reporting.
n Improve big-data validity, accessibility, and reliability.

Effective communication of information at
transitions of care.

n Utilize new technologies to enhance communications between patients,
caregivers, and physicians (e.g., telehealth, virtual health, app-based care
coordination).

n Enable patients to view, download, and transmit their health information.

User (patient, caregiver, physician)
activation.

Drive innovations aimed at the patient-
clinician interface.

n Provide continuous information exchange and communications between
clinical visitations.

n Improve data transparency and patient access to medical information.
n Augment clinical workflows and streamline information exchange be-

tween clinicians.
n Incorporate structured patient-reported outcomes within clinical

documentation.

Determine the outcomes of technology-
based solutions.

n Improve patient and caregiver health and digital literacy.
n Determine the cost of care that includes technology development and

implementation costs.
n Enhance technology-enabled care for secondary prevention vis-à-vis

outcomes in areas such as readmissions, morbidity, and mortality.
n Reduce the redundancy of tests, procedures, and documentation across

the care continuum.

Dedicated infrastructure and
resources.

Overcome the technological barriers to
meaningful care transformation.

n Determine the technological impediments to improving clinical workflow.
n Automate data analytics for point-of-care clinical-decision support.
n Standardize the methods for the integration and interoperability of digital

health technologies.

Determine the interoperability and data
standards specific to healthcare
innovations.

Develop the integration and interoperability specifications to support the
following:
n Incorporation of digital health device and genomic sequencing data into

health information warehouses and EHRs;
n Creating standards for the analyses of unstructured electronic and patient

health data;
n Quality reporting of big data analyses used for clinical-decision support; and
n Open-source, free, licensing solution for digital-health devices that can

be implemented at any facility.

Cultural empowerment and best
practice models.

Determine the business cases to adopt new
technologies.

Develop the financial/payment models for new technologies that are specific to
patients, clinicians, and health systems within the following:
n Value-based payment models that will provide incentives to leverage

digital health and other emerging technologies;
n Chronic care management programs for elderly patient populations and

those with high-risk conditions;
n Determination of the financial incentives for using and exchanging data;

and
n Stabilization of cross-organizational collaborations and private/public

partnerships.

Determine the best practice models to
support the implementation of new
innovations.

n Utilize new innovations to identify high and low-risk patient populations.
n Provide robust and safer methods for patient self-care and caregiver

support.
n Shift the emphasis toward prevention with goal-directed care (e.g.,

lifestyle changes and medication compliance).
n Provide governance for data-sharing and privacy.

ACC indicates American College of Cardiology; EHR, electronic health record; mHealth, mobile health; NCDR, National Cardiovascular Data Registry.
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these digital services, actuarial trends predict a growing
consumer base that is expected to eclipse 200 million
virtual visitations by 2020 (7). Although this shift repre-
sents new opportunities for health promotion centered
around convenience and readily available healthcare
practitioners (integral factors for patient and consumer
engagement), it also presents challenges for how clinical
practices derive benefit through noncoordinated and vir-
tual care, and how such innovations drive improved care
quality and lower healthcare costs (118–120).

5. INNOVATION PLATFORMS

In general, individual hospitals and clinical practices lack
the necessary infrastructure and expertise to develop and
test new innovations. For new innovations to succeed in
improving healthcare delivery, several regulatory and
implementation principles that align with key scientific
questions and clinical endpoints must be observed. These
include:

� defining the foundational principles of evaluation;
� systems implementation and integration;
� stakeholder engagement, and;
� monitoring the efficiency of technology-enabled care

and outcomes.

The ACC plans to facilitate (i.e., through partnerships)
the creation of “innovation platforms” that support the
efficient development, evaluation, and implementation
of emerging digital health, big data, and precision-health
solutions. Moreover, the ACC will support the dissemi-
nation of knowledge and best practices stemming from
innovation platform evaluations. Such platforms are
important vehicles to generate greater clinician-patient-
industry interaction and collaboration for the develop-
ment, evaluation, and implementation of new technolo-
gies. Ideally, such platforms will work inclusively,
incorporating ongoing stakeholder feedback and the key
accelerants of healthcare transformation (Figure 4). Last,
innovation platforms can support the development of
new technologies by addressing the principal factors that
can impede a product’s progress, and can streamline
clinical translation of those innovations that are safe and
effective for patient care.

5.1. Principles of Evaluation

As new technologies emerge, it becomes vital to strengthen
the research enterprise by providing the scientific commu-
nity with the guidance and assets required to design and
adapt newmethodologies to evaluate the clinical usefulness
of new innovations. Although new clinical trial designs
and analytical plans are important, their methodological
sophisticationmust be viewed in the context of the quality of
the data collected (structured versus unstructured), type of
trial (clinical trial versus real world), type of data (quantita-
tive versus qualitative), and the population (consumer or
patient) in which innovations are studied (121). To the extent
that is feasible, flexible clinical trial protocols are required
that accommodate the various stages of technology devel-
opment (discovery, prototype, preclinical, clinical, and
postmarket testing and surveillance) and evolving analytical
methods (e.g., artificial intelligence, machine learning, and
natural-language processing) while still fulfilling the
evidentiary requirements that inform quality of care, safety,
and outcomes (122).

Although randomized study designs remain the stan-
dard for assessing the effectiveness of new therapies,
several new methodologies have emerged that are
designed to accommodate the rapid and iterative nature
of technology development and to reduce the time and
costs associated with trial organization and throughput.
These new designs include N-of-1 clinical trials (123),
genome-wide association studies using EHR to further
understand phenotypic classifications (124), community
engagement and participatory research models (125),
technology-based cluster randomized trials (126,127), and
digital and paperless trial coordination (128). Leveraging
data captured on smartphone applications or online pro-
grams will accelerate trial enrollment, improve trial effi-
ciency, and provide big datasets to quantify individual
and population-related changes during follow-up (128).

Concurrently, standardized health technology assess-
ments are required to provide objective measures of func-
tionality as new devices are field tested in various clinical
settings (129). Real-world evidence and healthcare infor-
mation that are derived from observational studies and
clinical practice provide additional evaluative mecha-
nisms. Combining data aggregated from EHRs, claims data,
and registries with patient-generated data gathered from
new devices such as mHealth and genomic-sequencing
technologies may provide information on the effective-
ness of new innovations for clinical practice and public
health. Combining these forms of data may also facilitate
the generation of hypotheses for subsequent diagnostic or
interventional trials with next-generation technologies
(130). Although further study is needed to validate these
methodologies, they hold promise for gathering data on the
safety, cost, and efficacy of new innovations.

5.2. Principles of Integration

Achieving integration and interoperability—the ability of
different information technology systems and software
applications to communicate and exchange data with each
other—requires identification of precisely how new in-
novationsmerge into systemsof care, andhowintegrationand
data transfer are applied to various practice settings. A
top-down approach to integration is determined by how new
innovations alignwith institutional objectives for patient care,



FIGURE 4 Innovation Platforms and the Foundational Principles of Evaluation, Integration, Engagement, and Efficiency of Care

ACC indicates American College of Cardiology.
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and by business cases and return-on-investment that incor-
porate payment models such as fee-for-service, performance-
based reimbursement, bundle payments, and value-based
payment models (131). Specific integration methods such as
Health Level 7 (HL7) and Clinical Document Architecture
(CDA) provide for the exchange and retrieval of electronic
health information (132). New computational infrastructure
platforms and APIs (application programming interfaces),
FHIR (Fast Healthcare Interoperability Resource), and SMART
(Substitutable Medical Applications and Reusable Technolo-
gies) collectively and individually provide an open, modular,
and standards-based platform for the interface between in-
formation communication technologies and EHRs (133,134).
Merging genetic information into EHRs and analyzing this
information in combinationwithpatient-healthdata canallow
for the identification of new and important phenotypic and
pharmacogenetic associations. This particular use of genetic
information constitutes one technique currently emerging for
integrating genomic sequencing with clinical-decision sup-
port that may be used for personalized health initiatives and
predictive modeling (135,136).

Bottom-up approaches require execution within the
governance of privacy and security, and in accordance
with healthcare-accepted standards. Ensuring confiden-
tiality and integrity of health data from mHealth devices,
genomic sequencing technologies, and patient informa-
tion in EHRs is a responsibility shared among institutions,
practitioners, researchers, and industry. A thorough un-
derstanding of patient and public views about privacy and
security is essential for designing integration channels for
new innovations. Such an understanding is particularly
important when integrating direct-to-consumer technol-
ogies, where commercial and proprietary devices are
often dominant, and those innovations that leverage
digitally derived health data on mobile devices for patient
care and research (137,138).

Top-down and bottom-up approaches to integration
are complex and highlight the ongoing need to provide a
framework as practices consider a shift to technology-
enabled care (139). The ACC recognizes the importance
of informatics, software development, and technology
transfer, as well as the efforts undertaken by federal
agencies (e.g., Office of the National Coordinator, White
House Office of Science and Technology, Food and Drug
Administration), academic organizations, and other pro-
fessional societies (e.g., Healthcare Information and
Management Systems Society, and the American Medical
Informatics Association) to achieve progress toward
advancing the healthcare applications of emerging in-
novations. Extending the ACC’s member base to include
those with expanded skillsets will garner the expertise
needed for a deeper understanding of ongoing de-
velopments in data integration and to include ACC
members and stakeholders within these activities.

5.3. Principles of Engagement

The evaluation of new scientific discoveries, whether
technology- or data-related, commonly occurs in a diverse
ecosystem of stakeholders. However, as new innovations
are developed and tested, the preferences and views of
patients, caregivers, and practitioners are often over-
looked. Recent studies have demonstrated discordance
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between patient expectations of new technologies and
requests for access to health data on the one hand, and
clinicians’ willingness to adopt technology-enabled care
and share health data on the other, with patients more
open and willing to data sharing than their clinical coun-
terparts (140,141). In an evolving landscape of healthcare
transparency in which new technologies are becoming
increasingly available, these data reveal an important in-
flection point in users’ bidirectional participation in
collaborative care. Engagement also includes maintaining
privacy and protecting data, especially as health informa-
tion moves across entities and into nonclinical locations.

A vital determinant of engagement is who bears the
costs of acquisition of new devices and technologies.
Assuming that this responsibility falls on health systems,
clinicians, or patients may not be sustainable, especially
because few new innovations have coverage or a third-
party payer, and many are associated with high out-of-
pocket expense (142). This question of who bears the cost
of acquisition is particularly germane to how new personal
health devices and genomic-sequencing technologies
reach underserved communities, especially when socio-
economic disparities may discourage the implementation
of new technology-assisted models of care. Driven by a
high disease burden, these communities may derive
benefit from new innovations, and therefore, efforts to
include these patients and practices are of high priority.
Incentivized approaches that link technology-enabled care
with guideline-based measures of clinical performance
and value-based reimbursement are potentially practical
methods of enhancing user engagement. Such approaches
may simultaneously reduce disparities and variations in
new technology dissemination and application (143).

The ACC can provide oversight for new technology
development and evaluation through the involvement of
our quality improvement and health policy committees,
informatics and information technology task force, and
member innovation groups. These groups can help to
determine and develop the engagement strategies impor-
tant to each stakeholder. They can also monitor ongoing
efforts to understand contemporary trends that drive user
perceptions of new technologies, and to identify models of
engagement that are effective and economical. Concomi-
tantly, harnessing user participation and input within
technology development and evaluation will serve as an
ongoing engagement mechanism and will allow for regular
assessment of device and user performance over time.

5.4. Principles of Care Efficiency

Introducing new innovations in clinical and academic
programs involves a myriad of factors related to organiza-
tional governance that improve the state of medical tech-
nology development and the application within patient
care. These include measures to identify the appropriate
information technology, personnel, and financial re-
sources for clinical program development, and to translate
high-value demonstration projects for patient care across
clinical practices and for long-term care delivery (144).
Aligning the principles within the innovation platforms
with these factors will provide a basis to understand how
data from new devices and sequencing technologies miti-
gate risk and improve efficiency of care. Providing the right
content to the right stakeholder at the right time, or pur-
poseful education and support, is an overarching strategic
theme for the ACC and means leveraging our strengths for
organizing research and aggregating and reporting data
that inform the quality of care.

Patients have expectations that they and their clinicians
will have access to sufficient health data related to their care,
and practitioners expect that data will be available, be
analyzable, and provide clinical-decision support. Although
these expectations exist across new technologies, data, and
precision health, their translation to patient care remains
largely incomplete. The operational characteristics of a
learning health system and data-driven models of care
involve organizing biomedical datasets derived from patient
care, EHRs, and new technologies, and analyzing them to
improve quality of care through enhanced clinical predic-
tion, resource optimization, and therapeutic personalization
(145,146). This system is designed to work cyclically, incor-
porating the adoption of new technologies anddata analytics
as well as providing a digital medium that monitors perfor-
mance and outcomes over time.

The objective behind collecting digital data is to
improve the various factors of care efficiency expected by
each participant in the care delivery cycle. At the hospital
level, efficiency can be demonstrated by improving clin-
ical throughput and providing rapid referral of patients to
needed services; improving disease management and care
coordination; containing costs; and implementing
evidence-based practices (147). Collecting and analyzing
patient-reported outcomes, risk profiling that matches
patients’ risk with technology-based risk (diagnostic and
therapeutic devices versus communication and moni-
toring technologies), and improving health and digital
literacy are measures of efficiency important at the level
of the patient and caregiver. Educational and support
systems modeled within these efficiency metrics will
provide methods to identify and close the gaps in care,
and to identify strategies for meaningful engagement,
develop new parameters for technology surveillance, and
monitor quality improvement and outcomes.

6. ACC IMPLEMENTATION STEPS FOR

HEALTHCARE INNOVATION

To re-envision health care with the objective of creating
a competency- and success-based system for evolving



FIGURE 5 Mile Markers of Success
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healthcare innovations, the ACC is committed to a process
of: 1) continuous identification, evaluation, and dissemi-
nation of stakeholders’ top priorities; 2) collation and
synthesis of the evidence in digital health, big data,
and precision health; and 3) providing support for
fellows-in-training, early-career investigators, and fellows
of the ACC through a connected community network
for all members with shared interest in innovation.
The Innovation Collaborative provides a framework for
how new innovations can be effectively translated to
patient care. From beginning to end, several “milemakers”
of success will guide project development and align the
necessary resources to identify high-yield, technology-
based solutions for research and patient care (Figure 5).

6.1. Evidence-Based Recommendations and “Horizon Scanning”

The ACC will take a leadership role in evidence synthesis
and making recommendations in relation to digital
health, big data, and precision health, just as we have in
all areas of cardiovascular medicine via evidence-based
guidelines, consensus documents, and appropriate use
criteria. For example, the ACC plans to participate in the
development of an evaluation system and a priority
evidence-based review program, which are necessary to
provide strategic support to our stakeholders, as well as
participate in device and data standards development.
This process will encourage the development and
reporting of new research methodologies, updating of
human protection and institutional-review board re-
quirements for the design of technology-based
investigations (148,149), monitoring of experiences with
devices and data collected outside of the United States
(150), and identification of new engagement methods for
the inclusion of diverse populations in device and
precision-health studies (151). The ACC will participate in
ongoing efforts to create a standard methodology for
reporting research investigations (proof-of-concept,
explanatory, and effectiveness studies) using digital
technologies, big data, and precision-health interventions
(152), and will encourage organizing the literature from
peer-review and new open-access and prepublication
journals within the evidence synthesis process (153).

The ACC seeks to enhance our “horizon scanning” via a
structured approach that reviews important scientific
literature (published and unpublished) and provides a
systematic process for identifying and assessing future
trends and uncertainties. Developing a network to gather
and share information will assist in the creation of an in-
ventory of emerging devices, data analytics, and
precision-health approaches that have the greatest
applicability for research and patient care. This approach
will consider technologies and data analytics funded by
federal agencies and those developed by the medical de-
vice and startup industries, with the purpose of aligning
these developments with the relevant healthcare context.
Additionally, interval horizon scanning will aid the ACC to
anticipate and prepare for emerging innovations by
focusing our clinical and research efforts in these areas,
and to regularly disseminate findings via webinars, work-
shops, and publications to better inform our stakeholders.
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6.2. New ACC Healthcare Innovation Member Workgroup

The ACC has created an interdisciplinary Healthcare
Innovation Member Workgroup to serve as a professional
resource for those members and affiliates with an interest
in healthcare innovation. Currently a part of the Academic
Section, the Innovation Workgroup will be evaluated to
determine its potential as a unique and separate ACC
member section in 2017. The priorities of this workgroup
include:

n Working with the ACC Chief Innovation Officer and
Innovations Advisory Group to provide input on the
ACC’s strategy and on the preparation of clinical policy
documents;

n Integrating and working synergistically with various
sections at the ACC and collaborating with the task
forces on data standards, guidelines and performance
measures, and registries such as the NCDR;

n Identifying key domains of healthcare innovation and
the “state-of-the-science,” which will provide key
input for ACC leadership;

n Providing subject matter expertise to education/life-
long learning resources on relevant education pro-
gramming related to key healthcare innovation topics
(ACC Scientific Sessions, Cardiovascular Summit, ACC.
org, online education);

n Seeking opportunities to evaluate key gaps and varia-
tions in healthcare delivery, for example, via NCDR
manuscripts, to highlight key areas of need for
healthcare innovation;

n Creating an interactive community within the ACC
(e.g., using social media, publications, webinars, and
conference planning) around healthcare innovationwith
a focus on career development and promoting the ACC
as an innovative organization to external stakeholders.

Optimally equipping cardiovascular fellows for the
future delivery of medicine will require a grassroots
change in how trainees are exposed to new innovations
and how fellowship programs are structured (154–156).
The factors outlined within the innovation platforms—
evaluation, integration, engagement, and care efficiency—
and fundamental knowledge in informatics, data ana-
lytics, and genome sequencing should be incorporated as
core competencies in the next phase of research training
and clinical curricula (Core Cardiology Training State-
ment) (157,158). The Innovation Member Workgroup will
serve as a mentorship resource and will include those
fellows-in-training interested in academic or clinical
project development involving new technologies, data
science, and precision-health techniques. As innovation
activities continue to mature, the development of new
multidisciplinary skills in engineering, data analytics,
clinical informatics, technology transfer, entrepreneur-
ship, research, and policy will complement clinical and
procedural skills for the design of blended fellowship
programs and for the evolution of new career develop-
ment pathways (159–161).

The Healthcare Innovation Summit participants and
the Innovation Member Workgroup will provide new
content specific to new healthcare innovations for inclu-
sion in the annual scientific sessions and to include
research, clinical, and policy developments within the
program charter. This content will include abstracts,
presentations, expert panels from best-practice clinics
and hospitals, as well as design-thinking workshops. The
ACC can host and promote innovation challenges that will
allow its members to collaborate and become involved in
generating new ideas. Examples include: 1) leveraging
NCDR data to identify high-need clinical problems; 2)
requesting participation from the public, academic orga-
nizations, and industry partners to identify the in-
novations that advance our understanding of these
problems; and 3) defining the implementation pathways
of new solutions. By developing a needs-based innova-
tion program centered on key problems in cardiovascular
medicine, the ACC can incubate these ideas and oversee
their development. The emergence of cocreated solutions
important to patient care and quality improvement ini-
tiatives may provide higher value as new technologies are
considered within the contexts of research and patient
care.

7. CONCLUSIONS

The roles of digital technologies, big data, and precision
health in healthcare are rapidly shifting from drivers of
marginal efficiency to enablers of fundamental innova-
tion, offering paradigm-shifting opportunities to change
the way that patients and clinicians engage in mutual
progress and success. It is important for the healthcare
enterprise to embrace these changes and to organize its
efforts to provide meaningful knowledge translation to
meet its stakeholders’ objectives. The agenda proposed
herein identifies the multitude of factors that drive new
technology development, and provides a roadmap that
focuses on organizational strengths for building strategic
partnerships. It also includes an inclusive and iterative
process of evaluation, integration, engagement, and care
efficiency that supports the research ecosystem,
strengthens the clinical workforce, and trains the next
generation of innovators.

This agenda is meant to be a starting point and assumes
a level of flexibility required in dynamic and evolving
fields. At the heart of the ACC’s ongoing innovation ef-
forts will remain continuous stakeholder engagement and
feedback to better understand the high-impact accelera-
tors that promote healthcare transformation and trans-
parency, the drivers of patient and consumer

http://ACC.org
http://ACC.org
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expectations, and those accelerants that enable the crea-
tion of new multidimensional datasets that provide rich
insights for the next phase of research and patient care.
By organizing new developments in digital health, big
data, and precision health, and by creating learning
methods that lead to continuous performance improve-
ment and optimal practice management, the ACC will be
well positioned to bring value to patients, clinicians, and
stakeholders, and to play a key role in the future delivery
of healthcare.
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(continued on the next page)
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