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various areas of the College such as the Advocacy Com-

health information systems to improve health care

mittee; the National Cardiovascular Data Registry (NCDR);

and reduce costs. In a call for an overhaul of the EHR

the ACC/American Heart Association (AHA) Task Forces

environment, the American Medical Association has

on Guidelines, Performance Measurement, and Cardio-

emphasized “data liquidity” as 1 of 8 keys to improving

vascular Data Standards; and the Appropriate Use Criteria

EHR usability (2). In an October 2014 press conference,

Task Force. The Clinical Quality Committee recom-

U.S.

mended the development of this health policy statement

Burwell acknowledged interoperability to be the key to

to document the College’s ofﬁcial position on the need for

unlocking the real value of healthcare information sys-

a standards-based approach to achieve interoperability of

tems for practicing physicians and all healthcare con-

health information and to engage clinicians, manufac-

sumers (3).

turers, and regulators in the process.

Health

and

Human

Services

Secretary

Sylvia

Interoperability is important partly because it facili-

To avoid actual, potential, or perceived conﬂicts of

tates easier extraction of accurate, high-quality data from

interest that may arise as a result of industry relationships

clinical records. Clinical research and quality measure-

or personal interests among the writing committee, all

ment are both, in turn, dependent on this data extraction.

members of the writing committee, as well as peer

Presently, this is a time- and labor-intensive process that

reviewers of the document, are asked to disclose all cur-

requires substantial resourcing. Data are the fundamental

rent healthcare-related relationships, including those

building blocks of clinical research and observational

existing 12 months before initiation of the writing effort.

registries. As noted in an editorial by O’Gara and Har-

The ACC Clinical Quality Committee reviews these dis-

rington, “Clinical research provides the evidence base for

closures to determine what companies make products

American College of Cardiology (ACC) documents that

(on market or in development) that pertain to the docu-

help guide clinical practice, including expert consensus

ment under development. On this basis of this informa-

documents,

tion, a writing committee is formed to include a majority

appropriate use criteria” (4). By capturing and reporting

guidelines,

performance

measures,

and

of members with no relevant relationships with industry

high-quality data, the NCDR serves as a tool to measure,

(RWI), led by a chair with no relevant RWI. RWI is reviewed

benchmark, and improve cardiovascular care (5). Methods

on all conference calls and is updated as changes occur.

such as adoption of Integrating the Healthcare Enter-

Author and peer reviewer RWI pertinent to this document

prise (IHE) standards and proﬁles can increase autopo-

are disclosed in Appendixes 1 and 2, respectively. Addi-

pulation of NCDR data emanating from EHR systems and

tionally, to ensure complete transparency, authors’

enhance the American Medical Association’s key aim of

comprehensive healthcare-related disclosure information—

“data liquidity.”

including

RWI

not

pertinent

to

this

document—is

IHE is an initiative undertaken by healthcare pro-

available online (see Online Appendix). The ACC disclo-

fessionals and industry to facilitate and strengthen the

sure policy for clinical document development is also

sharing of clinical data among health information tech-

available online.

nology (IT) systems. Systems developed in accordance

The work of the writing committee was supported

with IHE communicate with one another more readily and

exclusively by the ACC without commercial support.

completely, are easier to implement, and enable care

Writing committee members volunteered their time to

providers to use information more effectively. Stated

this effort. Conference calls of the writing committee

simply, the goal of IHE is to support speciﬁcations

were conﬁdential and were attended only by committee

that increase software and hardware functionality and

members and relevant ACC staff.

usability in health IT.

Richard J. Kovacs, MD, FACC, Chair
ACC Clinical Quality Committee

1. INTRODUCTION

2. DATA STANDARDS
The past several decades have witnessed tremendous
growth in healthcare information systems, driven by

In 2009, as part of the American Recovery and Reinvest-

rapid advances in computer technology and accelerated

ment Act, the Federal Government set aside $19.2 billion

by regulations such as the Physician Quality Reporting

to increase the use of electronic health records (EHRs) (1).

System and the EHR “Meaningful Use” Incentive Pro-

Core to its charge is the development and adoption of a

gram. However, most healthcare information systems

nationwide health information infrastructure whose

were developed with a focus on documentation to facili-

purpose includes the exchange of patient health infor-

tate charge capture largely without regard to the needs or

mation. Despite its original charge, the U.S. healthcare

workﬂows of clinicians. As a consequence, the exchange

data infrastructure’s lack of interoperability has emerged

of information between systems, at both the semantic

as a signiﬁcant barrier compromising the potential of

(the exchange of the meaning of the content) and
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syntactic (the structure needed to capture and convey

this. IHE is in a unique position to formalize the use of

semantics) levels, has not been the priority (6). Data

existing standards to support clinically relevant work-

interoperability thus continues to be a work in progress.

ﬂows and improve efﬁciency.

Currently, establishing even limited data transfer

The solution to the problem of having information

between systems is typically the responsibility of local IT

trapped within clinical departments and proprietary

departments and each clinical department within an

software formats is to develop data interoperability and

institution on a case-by-case basis. Moreover, with each

transmission frameworks that link systems without cus-

upgrade or change of vendor, the integrity of data

tomization and continuous revision. In addition, the

communication must be revalidated. Even if health

acquisition and management of data must be integrated

enterprise IT departments could maintain these commu-

into the workﬂow. These are the central tenets of the IHE

nication connections, without the implementation of

initiative.

interoperability and data standards, the overall information environment within 1 healthcare enterprise will

3. IHE: FACILITATING INTEROPERABILITY

differ markedly from another.
The foundation for data exchange and interoperability

3.1. Overview

requires standardized and internationally recognized data

IHE

element deﬁnitions and data interchange standards. A

develops standards-based frameworks called “integration

number of organizations have been formed to develop

proﬁles” (Table 1) for sharing information within care sites

these deﬁnitions and standards (e.g., Health Level 7, the

and across networks. It leverages existing data standards

Digital

to facilitate communication of information between and

Imaging

and

Communications

in

Medicine

[DICOM] standards, and the Institute of Electrical Engi-

is

a

nonproﬁt

international

organization

that

among healthcare information systems.

neers standards). The American Health Information

IHE focuses on practical integration challenges deﬁned

Management Association lists 16 standards development

via speciﬁc use cases. Typical examples of integration

organizations and 45 groups working on structure and

challenges include the reconciliation of patient demo-

content standards for the EHR (7). Importantly, the crea-

graphics,

tion and maintenance of standards for data elements and

assurance of the consistency of image presentation. For

data interchange are not within the purview of IHE.

example, the repetitive re-entry of patient demographic

Rather, the role of IHE is to leverage and extend existing

and ordering information when laboratory studies are

image–patient

encounter

workﬂows,

and

foundational work to improve the operational efﬁciency

performed is addressed via 1 IHE integration proﬁle. IHE

and effectiveness of healthcare delivery because data

is also concerned with information security and protect-

standards alone lack sufﬁcient speciﬁcity to accomplish

ing private health information. Proﬁles such as the Audit

TABLE 1

IHE Constructs and Artifacts (From www.ihe.net)

IHE Proﬁles

IHE Proﬁles provide a standards-based framework for sharing information within care sites and across networks. They address critical
interoperability issues related to information access for care providers and patients, clinical workﬂow, security, administration, and
information infrastructure. Each proﬁle deﬁnes the actors, transactions, and information content required to address the clinical use
case by referencing appropriate standards.
There are 2 types of IHE Proﬁles:
1. Integration Proﬁles, which specify workﬂow interactions (cardiology proﬁles containing the word “workﬂow”)
2. Content Proﬁles, which specify the composition of documents, data, and messages transported in Integration Proﬁles
(cardiology proﬁles containing the word “content”)

Integration Statement

IHE Integration Statements are documents prepared and published by vendors to describe the intended conformance of their products with
the IHE Technical Framework. They identify the speciﬁc integration capabilities a product is designed to support in terms of the key
concepts of IHE: Actors and Integration Proﬁles.

Technical Framework

The IHE Technical Framework is a detailed, rigorously organized document that provides a comprehensive guide to implementing the
deﬁned integration capabilities. The Technical Framework delineates standards-based transactions among systems (generically deﬁned
as IHE Actors) required to support speciﬁc workﬂow and integration capabilities.

Connectathons

IHE has been testing the interoperability of health IT systems for more than a decade. At IHE Connectathons held regularly in several
international locations, trained technical experts supervise testing of vendor systems, making use of advanced testing software
developed by IHE and several partner organizations. More than 250 vendors worldwide have implemented and tested products with
IHE capabilities.

IHE Actors

Information systems or applications that produce, manage, or act on information are represented as functional units called IHE Actors. Each
actor supports a speciﬁc set of IHE transactions. A given information system may support 1 or more IHE actors.

Transactions

Transactions are exchanges of information between actors using messages based on established standards (such as HL7, DICOM, and W3C).
Each transaction is deﬁned with reference to a speciﬁc standard and additional detailed information, including use cases. This is done to
add greater speciﬁcity and ensure a higher level of interoperability between systems.

DICOM ¼ Digital Imaging and Communications in Medicine; HL7 ¼ Health Level 7; IHE ¼ Integrating the Healthcare Enterprise; IT ¼ information technology; W3C ¼ World Wide Web
Consortium.
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F I G U R E 1 IHE Clinical Domains and Year of Domain Inception (www.IHE.net)

IT ¼ information technology.

Trail and Node Authentication (ATNA) integration proﬁle

3.3. Integration Proﬁle Development Cycle

establish security measures that, together with the Secu-

Each year, the cardiology domain holds an open call for

rity Policy and Procedures, provide patient information

proposals to identify clinical use case scenarios that

conﬁdentiality, data integrity, and user accountability (8).

could be enhanced by improved data interoperability.

3.2. Historical Context

Technical experts from the relevant manufacturers
then work together to create detailed communication

IHE is divided into 12 clinical domains (Figure 1). Each

speciﬁcations—i.e., integration proﬁles—to address the

domain develops integration proﬁles. These deﬁne the

use case. Industry implements these speciﬁcations. The

actors, transactions, and information content required to

planning and technical committees review each other’s

address a use case within a clinical practice area. The

recommendations to ensure clinical relevance and tech-

work is compiled into IHE Technical Frameworks—

nical accuracy. The ﬁnal step of the development cycle

detailed technical documents that serve as implementa-

occurs at the annual IHE Connectathon, where a system

tion guides. All documents and artifacts are available free

must be shown to be interoperable with at least 3

of charge at the IHE Web site (www.ihe.net) and do not

different vendors to be deemed in compliance with an

require licensing.

integration proﬁle (Figure 2).

The IHE was established in 1998 as an initiative sponsored by the Healthcare Information and Management

3.4. Beneﬁts of Interoperability/IHE

Systems Society and the Radiological Society of North

The digital revolution has led to countless diagnostic and

America to promote a higher level of interoperability

therapeutic healthcare advances. To the frustration of

among imaging and information systems. From the start,

all who consume or participate in the delivery of health-

it comprised a working group of key members—medical

care services—patients, healthcare providers, payers,

society members, industry representatives, standards

researchers, and regulators—the immediate access to data

experts, clinicians, and other interested parties. IHE

that has transformed so many aspects of our lives, from

succeeded in substantially improving radiology work-

banking, to shopping, and to communication, has been

ﬂows via an initial set of integration proﬁles. With success

slow to reach the ﬁeld of health care. Results from the

in the radiology sector, IHE approached the ACC to

most advanced diagnostic tests and therapeutic in-

develop and support the IHE cardiology domain. The

terventions continue to be distributed as printed reports

charge was to connect the heterogeneous vendor plat-

(or digital equivalents siloed within proprietary health

forms across the cardiovascular technology space. In

IT systems).

2003, the IHE Cardiology Domain was formed in a part-

The objective of IHE is to improve the way computer

nership between IHE USA and the ACC. The work prod-

systems in health care share information. In a clinical

ucts of the Cardiology Domain are discussed in Section 4

setting, IHE proﬁles allow seamless exchange of high-

of this document.

quality

data

that

can

be

repurposed

without

the
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F I G U R E 2 IHE Integration Proﬁle Development Cycle

Release Proﬁles
for
Implementaon

Connectathon
Tesng

Clinicians
Idenfy Use
Case

Technical
Assessment by
Industry

Hospital
Leadership to
include in
Requests For
Proposals

Integraon
Proﬁle
Developed

redundancy and risk of error associated with copying and

specify interoperability requirements from bidding ven-

re-entering data or the expensive and time-consuming

dors. For instance, Dr. Michael Mirro has piloted the

task of building custom interfaces. This saves time and

Implantable Device Cardiac Observation proﬁle to allow

resources and can minimize billing delays and rejections.

seamless

It also facilitates the completion of analytic and admin-

implantable electronic devices into the EHR (9–12).

istrative tasks by taking a systems-based approach of

Technology solutions built to support IHE proﬁles can be

collecting data once for use many times. The interopera-

implemented by local IT shops on the basis of free, open-

bility of high-quality granular data that retains both its

source, unrestricted licensing solutions that have been

semantic and syntactic elements will enable quality

carefully documented, reviewed, and tested and are

improvement, evaluation of care efﬁciency and effec-

supported by industry partners. By specifying IHE proﬁle

tiveness, and ultimately even clinical research—all with

support within requests for proposals, purchasers send a

data that is captured only once.

powerful signal to industry that vendor-agnostic data

Importantly, IHE serves a crucial role in the request for
proposal process by providing purchasers with a tool to

TABLE 2

transmission

of

data

from

cardiovascular

interoperability is a high priority in the bidding process.
Important examples are illustrated in Table 2.

Characteristics of Information Systems With and Without IHE

Phase

Key Elements of Desired State

Typical Health IT

Health IT With IHE

n Request For Proposal processes that include
Information system selection n Reduced technology and human n Each IT system acts largely as an
and maintenance
resource requirements for
independent island with little data
vendor agnostic interface and interoperability
contracting
installation and maintenance
interchange
speciﬁcations
n Reduced complexity of the
n Expensive interfaces to connect
n Implementation by local IT departments
overall IT environment
systems that are dependent on the
based on standards supported by industry
n “Plug and play” data interoperavendors to develop and maintain
partners that have been carefully docun Each interface must be built, tested,
bility among systems
mented, reviewed, and tested
n Free, open-source, unrestricted licensing
and maintained separately
solutions that can be implemented at any
facility

Clinical use of information
systems

n
n

n
n
n

Post-Care analytics

n

Seamless exchange of high quality, reusable data across systems
Reduced redundancy and
repetition of procedures, tests,
and documentation
Reduced time requirements to
document and deliver healthcare
Cross-context access to information in patient records
Minimized billing delays and
rejections

n

Analysis of clinical and administrative data across systems to
improve quality, efﬁciency, and
effectiveness of care delivery

n

IHE ¼ Integrating the Healthcare Enterprise; IT ¼ information technology.

n
n
n
n
n

Wasted time and effort due to
processes designed without clinician
input
Data trapped within IT systems
Repetitive, potentially unnecessary
tests and treatments
Inefﬁcient and ineffective
communication
Uncoordinated and delayed
treatments
Costs of obtaining and managing
outside records, usually on paper

n

Manual collation, aggregation, and
analysis of data extracted from
multiple IT systems, conducted as
individual projects

n

n
n
n

n
n

Uniform patient identiﬁcation across systems
Reduced manual and repetitive transcription
of healthcare data
Reduced duplicate testing and procedures
Reuse of data for clinical care processes
(e.g., allergy checking, clinical decision
support)
Effective and efﬁcient communication of
information at transitions of care
Increased efﬁciency and throughput of charge
posting, facilitating revenue cycle operations
and compliance

Systems-based approaches that embrace a
“collect once, use many times” construct of
data reuse
n Semi-automated data management processes
for continuous quality improvement,
submission of data to clinical registries
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4. CARDIOLOGY PROFILES

echocardiography procedures (15). Similar to the Cardiac
Catheterization Workﬂow proﬁle, it includes patient

4.1. Overview of the Proﬁles

identiﬁers and demographic data, orders, scheduling,

Within the cardiology domain, 14 proﬁles have completed

clinical data, status reporting, multistage examinations

the development cycle and have been tested and vali-

(e.g., stress echocardiography), and data storage. The

dated at a Connectathon testing event (Table 3) (13).

proﬁle accommodates the multiple workﬂows typical of
echocardiography, anticipating that a sonographer will

4.2. Cardiac Catheterization Workﬂow

acquire preliminary measurements and transfer the data

The IHE Cardiac Catheterization Workﬂow proﬁle inte-

to a reporting workstation for the ﬁnal interpretation and

grates the ordering, scheduling, imaging acquisition,
storage, and viewing of cardiac catheterization procedures (14). The use cases focus on the continuity,
integrity, and integration of basic patient, order, clinical,

reporting by a physician. It also speciﬁcally addresses the
issues of acquisition modality devices that are only
intermittently connected to the network, such as portable
echocardiography machines.

and procedure data across all of the participating systems.
The proﬁle deals speciﬁcally with consistent handling of

4.4. Retrieve Electrocardiogram for Display Content Proﬁle

patient identiﬁers and demographic data, including the

The Retrieve Electrocardiogram (ECG) for Display proﬁle

emergency patient presentation, where the actual patient

simpliﬁes and standardizes the ECG access and viewing

identity may not be established until after the beginning

process, allowing multiple clinicians to view an ECG

of the procedure (e.g., emergency primary angioplasty for

simultaneously, and provides images in a diagnostic

acute myocardial infarction). It minimizes the submission

display resolution (16). As a content (not a workﬂow)

of missing data and also speciﬁes the scheduling and

proﬁle, it does not address the ordering, interpretation, or

coordination of procedure data across a variety of imag-

storage of ECG tracings.

ing, measurement, and analysis systems, with provisions
for reliable storage in an archive.

4.5. Resting Electrocardiogram Workﬂow Proﬁle

4.3. Echocardiography Workﬂow

Retrieve Electrocardiogram for Display content proﬁle

The Resting ECG Workﬂow (REWF) proﬁle extends the
The Echocardiography Workﬂow proﬁle describes the

(17). Similar to other workﬂow proﬁles, it encompasses

workﬂow

associated

the acquisition and management of patient identiﬁers,

including

transthoracic,

TABLE 3
Proﬁle Name
CATH

with

digital

echocardiography,

transesophageal,

and

stress

orders, scheduling, status reporting, and recording. It

Brief Description of Cardiology Proﬁles (13)
Description
Cardiac Catheterization Workﬂow integrates ordering, scheduling, imaging acquisition, storage, and viewing for Cardiac Catheterization procedures.

ECHO

Echocardiography Workﬂow integrates ordering, scheduling, imaging acquisition, storage, and viewing for digital echocardiography.

ECG

Retrieve ECG for Display provides access throughout the enterprise to electrocardiogram documents for review purposes.

REWF

Resting ECG Workﬂow describes the workﬂow for collecting ECG data in both ordered and unordered procedures, data storage and access,
and ECG reporting.

ED CARD

Evidence Documents adds cardiology-speciﬁc content to the Radiology ED proﬁle for DICOM Structured Reports.

STRESS

Stress Testing Workﬂow provides ordering and collecting multimodality data during diagnostic stress testing procedures.

DRPT

Displayable Reports manages creation and distribution of “display ready” (PDF or CDA) clinical reports from the creating application to the
department and the enterprise.

CIRC

Cardiac Imaging Report Content format for a CDA report of a cardiac diagnostic imaging procedure, including discrete data elements.

IEO

Image-Enabled Ofﬁce Workﬂow integrates an imaging suite with an EHR system in an ambulatory ofﬁce setting, including ordering, imaging, report
creation, and web-based imaging examination review.

EPRC-IE

Electrophysiology Report Content format for a CDA report of an Electrophysiology Implant/Explant Procedure, including discrete data elements.

IDCO

Implantable Device Cardiac Observation transfers information from an interrogated implantable cardiac rhythm management device to an
information management system.

CRC

Cath Report Content format for a CDA report of a cardiac Cath/PCI procedure, including discrete data elements.

RCS-C

Registry Content Submission-CathPCI format for a CDA report to facilitate submission of NCDR CathPCI V4.4 data elements to the NCDR CathPCI
Registry, promoting the accurate and seamless transfer of data into clinical registries.

NMI

Nuclear Medicine Image (Cardiology) was developed in 2007 as a shared development between radiology and cardiology.

CDA ¼ clinical document architecture; DICOM ¼ Digital Imagine and Communications in Medicine; ECG ¼ electrocardiogram; ED ¼ Evidence Documents; EHR ¼ electronic health
record; PCI ¼ Percutaneous Coronary Intervention; PDF ¼ portable document format.
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accounts for the potentially urgent nature of ECG acqui-

workﬂow to allow reports to be exposed in a preliminary

sition when demographic data are not available, as well as

format and then ultimately to be signed or amended.

the workﬂow technical challenge associated with obtain-

The proﬁle also resolves report updates when there

ing data from devices that are only intermittently con-

are changes to the patient demographics, when new

nected to the network. The proﬁle does not address the

relationships to other content in the storage media arise,

workﬂow associated with ECG interpretation.

or when relationships are no longer valid.

4.6. Evidence Documents

4.9. Cardiac Imaging Report Content

Evidence documents are nonimage data objects that are

The Cardiac Imaging Report Content proﬁle speciﬁes the

typically produced in the context of performing a proce-

content and the structure for a clinical report of a cardi-

dure. For example, a modality that performs measure-

ology imaging study (21). This includes indications,

ments during an echocardiogram to record dimensions

description of the procedure performed, medications,

and calculate an ejection fraction might create an evi-

complications, and ﬁndings. The speciﬁc examinations

dence document containing those values that is sent to

included in this proﬁle are echocardiography (trans-

the archive with the study images. Evidence documents

thoracic, transesophageal, and stress), computed tomog-

often include preliminary ﬁndings that will be veriﬁed

raphy (angiography and coronary artery calcium scores),

and used as part of the procedure report. The Evidence

cardiac

Documents

cardiology

nuclear medicine (single-photon emission computed

workﬂow-speciﬁc content to the radiology evidence

tomography [SPECT] perfusion imaging and positron

documents proﬁle for DICOM Structured Reports (18).

emission tomography [PET] imaging), diagnostic coronary

Presently,

angiography, and percutaneous coronary intervention.

for

Cardiology

cardiology

proﬁle

evidence

adds

document

options

magnetic

resonance

imaging,

cardiovascular

include nonimaging data from cardiac angiography,

Although not a workﬂow proﬁle, the Cardiac Imaging

echocardiography, stress testing, and cardiac computed

Report Content proﬁle describes the process by which a

tomography/magnetic resonance imaging.

clinician reviews and enters coded data from the proce-

4.7. Stress Testing Workﬂow

ings, including assessment and plan. Once these data have

dure, patient history, medications, indications, and ﬁndThe Stress Testing Workﬂow proﬁle deﬁnes a means of

been entered they are ready for viewing and/or distribu-

ordering and performing cardiac stress tests involving

tion in the Image-Enabled Ofﬁce proﬁle (viewing only), in

both ECG and imaging (echocardiographic or nuclear)

the Displayable Reports (for distribution and viewing

procedure components (19). All of the acquired data are

within an enterprise), or by the Cross Enterprise Document

collected in a uniform format (DICOM). It extends the

Sharing proﬁle (to view outside of the originating facility).

Echocardiography Workﬂow proﬁle to include multimodality

coordination

and

stress

test–speciﬁc

data

requirements.

4.10. Image-Enabled Ofﬁce Workﬂow
The Image-Enabled Ofﬁce (IEO) proﬁle was created to
facilitate viewing images from a Picture Archiving and

4.8. Displayable Reports Proﬁle

Communications

The Displayable Reports proﬁle manages the creation and

directly within an ofﬁce EHR (22). It is of particular utility

distribution of the clinical report in a human readable

to providers in an ofﬁce setting who want to view images

format (20). The reports are displayed in either portable

obtained during an in-patient hospital admission. It pro-

document format or the Health Level 7 Clinical Document

vides

Architecture format. Clinical Document Architecture is

scheduling of imaging examinations, status reporting for

emerging as the preferred vehicle because it provides a

that examination, report creation, and web-based imag-

structure to communicate the actual data content and not

ing examination review.

System

bidirectional

(PACS)

integration,

or

imaging

including

device

ordering/

just the image of the report typical of portable document
format. Furthermore, the Ofﬁce of the National Coordinator (ONC) has supported Clinical Document Architecture as the standard for document exchange in the EHR
“Meaningful Use” Incentive Program.

4.11. Electrophysiology Laboratory Report Content—
Implant/Explant
The Electrophysiology Laboratory Report Content proﬁle
for device Implant/Explant speciﬁes the data elements to

The proﬁle also resolves discrepancies that occur when

be included in a pacemaker, deﬁbrillator, or loop recorder

several clinicians contribute to a single procedure such as

implant/explant procedure (23). Although this proﬁle

a transcatheter aortic valve replacement procedure,

does not describe the complete content of an associated

which includes an interventional cardiologist, echocardi-

imaging study, there are no constraints on the inclusion

ographer, anesthesiologist, and cardiothoracic surgeon.

of narrative text or ﬁgures. This proﬁle structure is similar

Additionally, the proﬁle describes and implements a

to the Cath Report Content proﬁle.
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4.12. Implantable Device Cardiac Observations

as part of the proﬁle (28). The proﬁle does not address

The Implantable Device Cardiac Observations (IDCO)

ﬁrst-pass imaging, equilibrium radionuclide angiography,

content proﬁle describes a means of transferring data

or PET imaging. Implementation of related proﬁles,

(including model and serial number as well as any clinical

such as Scheduled Workﬂow, Reporting Workﬂow, or

data) from any implantable cardiac implantable electronic

Cross Enterprise Document Sharing, will be necessary

device (CIED) (e.g., pacemakers, implantable cardioverter-

to fully integrate the Nuclear Medicine Image proﬁle

deﬁbrillators, cardiac resynchronization therapy devices,

into the daily workﬂow of the nuclear cardiology

and cardiac monitor devices) to any information man-

laboratory.

agement system (e.g., cardiovascular information system,
electrophysiological device management system, EHR,

4.16. Proﬁles in Development

and so on) (24). The nomenclature was developed through

The proﬁles listed in Table 4 are in development and will

collaboration between the Heart Rhythm Society and de-

be tested and released for use in the coming year.

vice manufacturers.

5. CLINICAL RESEARCH AND QUALITY METRICS

4.13. Cardiac Cath Report Content
The Cardiac Cath Report Content proﬁle speciﬁes the
content structure for a clinical report of a diagnostic cardiac catheterization and percutaneous coronary intervention that is performed in an adult (25). Similar to other
content proﬁles, it includes indications, description of
the procedure(s) performed, medications, complications,
and ﬁndings.

Although presently there is a wealth of information
captured in EHR systems, extracting the data elements
(as explicit data needed for these additional purposes)
is costly and labor intensive, limiting the ability of
institutions to engage in these activities. The ACC
completed an independent assessment of various approaches to abstracting data for the purposes of quality
metric reporting to the NCDR and determined that the IHE
proﬁle approach provided the best opportunity to achieve

4.14. Registry Content Submission
The Registry Content Submission proﬁle speciﬁes the
content structure and value sets for reporting the data
collected during a cardiac catheterization and/or percutaneous coronary intervention to the NCDR (26).

this strategic objective. Several IHE proﬁles from both the
Cardiology domain and Quality Research and Public
Health domain (described in the following section) bring
together patient and episode-of-care-speciﬁc data to
expedite and facilitate clinical research and quality metric
reporting.

4.15. Nuclear Medicine Image
The IHE Nuclear Medicine Image Cardiology proﬁle was
developed in 2007 in collaboration with the Radiology
domain (27). The display types supported include static
and dynamic cine display of all frames; gated displays

The IHE technical proﬁles noted in Table 5 provide the
syntax to facilitate data exchange. For instance, adoption
of these standards can facilitate the automated transfer of
structured data from the EHR to NCDR registries.

of electrocardiographically gated images; tomographic

6. PROMOTING THE IHE INTEROPERABILITY

displays allowing cine display of all frames through

FRAMEWORK

an

acquisition;

reconstructed

tomographic

images,

including gated images; and display of polar plots. The

The need for a data interoperability framework within

permitted display formats include comparison displays

the U.S. health IT infrastructure is appreciated by all

of 2 sets of data such as stress compared to rest or 2 sets

stakeholders: patients, healthcare providers, administra-

of data differentiated by time. The proﬁle also allows

tors of healthcare facilities and organizations, healthcare

for the acquisition and display of attenuation-corrected

regulatory agencies, as well as the healthcare-related in-

or prone acquisition data. The standardized display

dustries, from health IT providers, to pharmaceutical and

from the ACC/American Heart Association was speciﬁed

medical device manufacturers, and to health insurance

TABLE 4

Proﬁles in Development

Proﬁle Name

Description

Structural Heart Procedures

Extends the Cath Report Content (CRC) proﬁle to include new interventional structural heart therapies (e.g., transcatheter aortic
valve replacement, mitral valve repair, atrial occlusion device implantation, and septal defect repair).

Registry Content Submission—
Electrophysiology

Supports data collection from the Electrophysiology Report Content Proﬁle for submissions to the ICD, AFib, and LAAO modules
of the NDCR.

Intravascular Imaging (IVI)

Extends the existing Cardiac Catheterization Workﬂow (CATH) proﬁle to include intravascular imaging.

AFib ¼ atrial ﬁbrillation; ICD ¼ implantable cardioverter-deﬁbrillator; LAAO ¼ left atrial appendage occlusion; NCDR ¼ National Cardiovascular Data Registry.
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IHE Technical Proﬁles

Proﬁle

Description

Retrieve Form for Data Capture (RFD)

IHE has engaged the industry to create a content proﬁle, Retrieve Form for Data Capture (RFD), to gather research data
during an EHR session. This content proﬁle will enable automatic population of RFD forms, resulting in greater data
capture efﬁciencies among clinical trial sponsors, investigators, and research sites.

Clinical Research Document (CRD)

The Clinical Research Document (CRD) describes the content structure pertinent to the clinical research use case for RFD
within the IT Infrastructure Framework.

Clinical Research Process Content (CRPC)

Clinical Research Process Content (CRPC) speciﬁes the content appropriate to automate the sharing of information among
systems during the clinical research process, based upon transactions from the Retrieve Process for Execution (RPE)
proﬁle. Using the transactions from the RPE proﬁle, CRPC improves the setup, subject recruitment, and performance
aspects of clinical studies.

Data Element Exchange (DEX)

Data Element Exchange (DEX) leverages the concept of a metadata registry to add mapping metadata to an annotated
data capture form at the point of form design rather than at the level of the exchange of data.

Research Matching (RM)

Research Matching (RM) publishes research process deﬁnitions to EHR systems to match patients and investigators with
appropriate research studies.

Registry Submission Workﬂow (RCS-C)

Supports data collection from the Cardiac Cath Report content proﬁle for submissions to the Cath/PCI module of the
NCDR.

Registry Content Submission—
Electrophysiology* (RCS-EP)

Supports data collection from the Electrophysiology Report content proﬁle for submissions to the ICD as well as the AFib
and LAAO Registry modules of the NCDR.

*In development, previously listed in Section 4.
AFib ¼ atrial ﬁbrillation; EHR ¼ electronic health record; ICD ¼ implantable cardioverter-deﬁbrillator; IHE ¼ Integrating the Healthcare Enterprise; IT ¼ information technology;
LAAO ¼ left atrial appendage occlusion; NCDR ¼ National Cardiovascular Data Registry; PCI ¼ percutaneous coronary intervention.

companies. Each of these stakeholder groups must align

white paper sets out for vendors the recommended

behind a common approach if it is to succeed. The IHE

speciﬁc verbiage that should be used in the request,

framework and collaborative proﬁle development process

ensuring that the delivered product will perform as

has been identiﬁed by a broad range of healthcare pro-

expected. The target audience of the white paper com-

viders and industry as a practical tool for developing a

prises hospital executive suite administrators and initial

data interoperability framework for the U.S. health IT

decision makers.

infrastructure.
ACC is promoting adoption of IHE through several
means:
n

Engaging support from healthcare system executives
by encouraging speciﬁcation of support for IHE integration proﬁles in all requests for proposals;

n

Encouraging end users to request support for IHE
integration proﬁles;

n

Lobbying the ONC to support the IHE Technical
Frameworks in the EHR Incentive Program and beyond;
and

n

Collaborating with other organizations such as the
American Heart Association and the Joint Commission.

6.2. Advantages to Vendors/Users
IHE provides several advantages for facilities and vendors
who comply with IHE proﬁles, particularly in improving
healthcare delivery and reducing healthcare costs.
First and foremost, IHE proﬁles provide predictable
applications of known technologies. Each proﬁle is built
with an emphasis on applying international standards to
speciﬁc clinical problems. Although a proﬁle does not
prevent a vendor from creating or using proprietary devices or software, it does increase the likelihood that the
solution will successfully connect and share data across
the enterprise. This beneﬁt comes from the open and
collegial nature of the IHE domain; when a vendor joins
the effort, there is an intentional emphasis placed on

6.1. Request for Proposals

sharing information and mutual success. Each proﬁle that

A tool frequently used by executive leadership, the

is developed receives insights and contributions from

request for proposal is critical to drive industry change

other vendors as well as clinicians and medical societies,

such as support for IHE interoperability proﬁles. IHE

which provide valuable feedback on the proﬁle’s use in

provides a common language that allows clinicians,

the clinical setting. For example, at the annual IHE testing

executives, and healthcare vendors to identify data

event, the Connectathon, vendor teams that compete in

interoperability needs and solutions with a single

the marketplace must work together to complete tasks

concept. Using IHE proﬁles mitigates the need for hun-

that allow clinical data to ﬂow from one proprietary sys-

dreds of pages of technical document interface engines

tem to another. The successful data exchange must be

and on-site testing.

veriﬁed by a third party for the vendor to receive IHE

IHE has developed a publication to assist in this process, titled Purchasing Using IHE Cardiology (29). This

certiﬁcation. This ensures that results are predictable and
reproducible.
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The second beneﬁt of applying IHE proﬁles is transparency. Each step of proﬁle development, from the

and the fact that IHE proﬁles build upon existing data
standards.

original submission of an idea to improve clinical work-

The ONC’s plan to work with federal and state entities

ﬂows to the ﬁnal approved speciﬁcation, takes place in an

to advance payment, policy, and programmatic levers

open, public environment. All stakeholders are encour-

that drive development and implementation of truly

aged to view, comment, and improve on the ideas pre-

interoperable health IT systems will encourage industries

sented within a proﬁle while it is in development. With

to devote the necessary resources to comply with

the diverse membership of IHE, this ensures that the

certiﬁcation requirements and hold the greatest hope

proﬁles are intellectually rigorous and have the guidance

for advancing meaningful progress toward achieving

of different clinical and technical perspectives.

maximum

interoperability.

The

document

explicitly

states: “Moving forward, the ONC’s Data Access Frame6.3. Ofﬁce of the National Coordinator

work initiative (DAF) is evolving existing IHE and Health

The principal federal entity charged with overseeing the

Level 7 standards to support next-generation query

nationwide implementation of health IT, the ONC is inti-

services” (31). The ONC has mentioned numerous proﬁles

mately involved in the Medicare and Medicaid EHR

for data capture, clinical research, and quality across the

Incentive Programs to provide ﬁnancial incentives for

spectrum of clinical specialties. This demonstrates how

the “meaningful use” of certiﬁed EHR technology. The

IHE can provide the leadership and tools necessary for

intention of the deferral EHR Incentive Program is to

achieving interoperability (32). The ACC applauds the

improve quality, safety, and efﬁciency and to reduce

ONC’s recognition and support for IHE.

healthcare disparities. Other goals are to engage patients
and family, improve care coordination, improve popu-

6.4. Measuring Success

lation and public health, and maintain the privacy and

One can measure adoption of IHE technical frameworks

security of patient health information. It is hoped that

by looking at the number of workﬂows implemented in a

compliance with the EHR Incentive Program will result

given IHE domain by each vendor. Moreover, success

in better clinical outcomes, improved population health

can also be deﬁned as implementing the frameworks into

outcomes,

efﬁciency,

real day-to-day workﬂow to reduce errors and improve

empowered individuals, and more robust research data

outcome. For example, adapting the DICOM modality

on health systems. Through the Health IT Certiﬁcation

worklist to echo modalities allows the sonographer to

Program, the ONC provides assurance to purchasers and

pull the demographics directly from the ADT (Admit,

other users that a system meets the technological capa-

Discharge, Transfer) feed, eliminating transcription errors

bility, functionality, and security requirements adopted

or duplicate patient accounts. In the United States,

by the U.S. Department of Health and Human Services.

implementation of the IHE technical frameworks remains,

Until recently, the Health IT Certiﬁcation Program has

admittedly, a somewhat distant aspiration that will

focused on the initial transformation from paper to

require sustained collaboration from all stakeholders.

EHRs, support of the objectives and clinical quality

Clinical organizations in particular can drive the imple-

measures deﬁned by the Centers for Medicare and

mentation of proﬁles and provide valuable data to further

Medicaid Services, and collecting some quality metrics.

improve their effectiveness and new avenues for devel-

Along with usability, a major criticism of the EHR

oping new solutions.

increased

transparency

and

Meaningful Use program has been the lack of emphasis
on interoperability among electronic health information

7. THE PATIENT’S PERSPECTIVE ON

systems (30).

INTEROPERABILITY AND QUALITY

Signaling that interoperability has become a priority,
the ONC released a document in 2015 titled “Connecting

Patients expect high-quality, efﬁcient, and compas-

Health and Care for the Nation: A Ten Year Vision to

sionate care. They expect that their primary physician will

Achieve Interoperable Health IT Infrastructure” (31). The

work with specialists to identify appropriate care plans

document outlines critical actions for both public and

and that the clinicians will communicate recommenda-

private stakeholders to advance our nation toward an

tions and treatment status. Patients also expect that

interoperable health IT ecosystem, advance research, and

clinicians will have an ongoing dialogue and a robust

ultimately achieve a learning healthcare system. The

exchange of data regarding treatment status throughout

guiding principles reﬂect many of the core strengths of

the course of treatment. Information should be easily

IHE: the ability to build upon existing health IT infra-

accessible to all clinicians involved in the care of a pa-

structure; the fact that individual IHE proﬁles are devel-

tient, regardless of where it was obtained (e.g., ofﬁce,

oped organically between healthcare providers and

hospital, or urgent care center) and the EHR system used

industry, thus leveraging market demands and resources;

for documentation. This can be aided by the patient’s
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opt-in consent for release of medical data among health-

complexity of true interoperability. Developing mean-

care providers, which can be less cumbersome when

ingful interoperability across the diverse and complex

incorporated as a part of an EHR system. This is particu-

ﬁeld of health care will require leadership from medical

larly important during transitions of care, when patients

societies as well as federal and state organizations in the

are most vulnerable and have the greatest need for their

form of policies and ﬁnancial incentives that will steer

healthcare providers to have access to other providers’

industry to develop and implement the infrastructure and

records (33). The present information environment—

systems that consumers require. Although we cannot

requiring lengthy and often cumbersome paper-based

overemphasize the enormity of this process, IHE will

requests for copies of medical records—delays clinical

allow the rapid dissemination of best practices through

decision making and can result in unnecessary duplicate

efforts in standardization.

testing. Errors associated with the selective and manual

The ACC believes that meaningful interoperability of

transcription of data between source documents are also

data, agnostic of proprietary vendor formatting, is crucial

of concern. Ultimately, it is the patient’s right to expect

for optimal patient care as well as the many associated

that the clinical systems using and retaining his or her

activities necessary to support a robust and transparent

data are interoperable, standards-based, portable, and

healthcare delivery system. IHE serves a unique role and

readily accessible.

ﬁlls a critical gap in pursuit of this goal.

8. CONCLUSIONS
ACC PRESIDENT AND STAFF
The lack of interoperability of health IT prevents the ﬁeld
of health care from realizing the full potential of the In-

Kim Allan Williams, Sr., MD, FACC, President

formation Age that has revolutionized so many ﬁelds of

Shalom Jacobovitz, Chief Executive Ofﬁcer

human endeavor. Using internationally recognized stan-

William J. Oetgen, MD, FACC, Senior Vice President,

dards, IHE provides a construct to create the technical

Science, Education, and Quality

frameworks to exchange healthcare data while maintain-

J. Paul Dow, Jr., MS, Healthcare Technology Associate

ing the granular syntactic and semantic attributes needed

Grace D. Ronan, Team Lead, Clinical Policy Publications

to accommodate the needs of the diverse consumers of

Amelia Scholtz, PhD, Publications Manager, Science,

healthcare information. We should not underestimate the

Education, Quality, and Publishing
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APPENDIX 3. ABBREVIATIONS
ACC ¼ American College of Cardiology

IEO ¼ Image-Enabled Ofﬁce Worfkﬂow

ATNA ¼ Audit trail and node authentication

IHE ¼ Integrating the Healthcare Enterprise

CATH ¼ Cardiac Catheterization Workﬂow

IT ¼ information technology

CDA ¼ Clinical Document Architecture

NCDR ¼ National Cardiovascular Data Registry

CIED ¼ Cardiac Implantable Electronic Device

NMI ¼ nuclear medicine image

CIRC ¼ Cardiac Imaging Report Content

ONC ¼ Ofﬁce of the National Coordinator for Health

CRC ¼ Cath Report Content

Information Technology

CRD ¼ clinical research document

PACS ¼ picture archiving and communications system

CRPC ¼ clinical research process content

PCI ¼ percutaneous coronary intervention

DEX ¼ data element exchange

PDF ¼ portable document format

DICOM ¼ Digital Imaging and Communications in

PET ¼ positron emission tomography

Medicine

RCS-C ¼ Registry Content Submission-CathPCI

DRPT ¼ Displayable Reports

REWF ¼ Resting ECG Worfklow

ECG ¼ electrocardiogram

RFD ¼ Retrieve Form for Data Capture

ECHO ¼ Echocardiography Workﬂow

RM ¼ research matching

ED ¼ evidence documents

RPE ¼ retrieve process for execution

ED CARD ¼ Evidence Documents-Cardiology

RWI ¼ relationships with industry

EHR ¼ electronic health record

SPECT

EPRC-IE ¼ Electrophysiology Report Content-Electrophysiology Implant/Explant Procedure
HL7 ¼ Health Level 7
IDCO ¼ Implantable Device Cardiac Observation

¼

single-photon

emission

tomography
STRESS ¼ Stress Testing Worfklow
W3C ¼ World Wide Web Consortium
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