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ABSTRACT

Randomized controlled trials are often regarded as the pinnacle of research designs, valued for their rigor and internal

validity. However, their high costs and selected patient populations limit their applicability, and complementary

study designs are needed to guide evidence. In the realm of cardiovascular imaging, research designs using single-center

series and registries have contributed key foundational insights into diagnosis, resource use and cost patterns, and

prognosis as derived from practical, “real-world” settings. This review highlights the strengths and limitations

of these study designs, provides notable examples, and indicates future directions for research.

(J Am Coll Cardiol Img 2017;10:276–85) © 2017 by the American College of Cardiology Foundation.

D ata registries, particularly single-site series,
have been the primary means by which the
performance characteristics of noninvasive

testing have been defined, and they constitute most
of the published information to date on cardiovascu-
lar (CV) imaging. Broadly, registries are apt to study
the prognosis of a disease or risk factors, describe
processes of care, uncover disparities or variations
in care, and study the safety and effectiveness of
treatments (1). Outside of imaging, the American
Heart Association’s Get With the Guidelines family
of registries and the American College of Cardiology’s
National Cardiovascular Data Registry represent
robust, mature clinical CV registries grounded in
quality of care (2). Within CV imaging, the historical
focus has been on risk stratification. However, more
recently data registries have been used for quality
assurance, assessment of test efficacy, reporting of
test results, radiation dose tracking (3), and poten-
tially for tracking of appropriate referral patterns, to
name a few.

A registry has been defined by the Agency for
Healthcare Research and Quality as an “organized
system using observational study methods to collect
uniform data (clinical and other) to evaluate specific
outcomes for a population defined by a particular
disease, condition or exposure, and that serves one
or more predetermined scientific, clinical, or policy

purposes” (1). A distinguishing feature of registries is
their ability to shed light on “real-world” practice by
gathering data in a structured format in large, un-
selected populations (4). Given their ability to
identify quality gaps in care, registries are increas-
ingly playing a critical role in the development of
performance measures and as drivers of quality
improvement (2).

Our goal in this review is to provide an overview of
what we have learned from imaging registries, ex-
amples of important registries to date, and future
directions for this approach, as well as important
basic principles and challenges in the design, collec-
tion, and analysis of this approach.

RANDOMIZED CLINICAL TRIAL CHALLENGES

Randomized clinical trials (RCTs) are often consid-
ered the basis for evidentiary standards of clinical
management and testing, but they remain challenged
by several serious limitations. Two of the central te-
nets of the RCT are to minimize bias and to preserve
internal validity. These goals can be achieved through
selective inclusion and exclusion criteria, detailed
protocols, and standardization of study procedures.
However, the selected enrollment in traditional RCTs
may result in limited generalizability. An additional
limitation is that RCTs typically generate average
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outcome effects across a trial population rather
than individualized data. Despite novel research
methods that attempt to translate findings from RCTs
to individual patients (5), subgroup interpretation
and post hoc analyses of RCTs are often viewed with
skepticism.

One of the greatest challenges to the conduct of
multicenter RCTs is the financial cost associated with
their successful completion. As RCTs have become
increasingly complex with respect to data collection
and regulatory requirements, costs have risen
commensurately (6). For example, the average cost of
a phase 3 CV pharmaceutical clinical trial has been
estimated at w25 million dollars (7). In addition to
financial costs, RCTs can be long, requiring years to
complete, thus highlighting the additional opportu-
nity cost inherent in their conduct.

Achieving adequate racial or ethnic and female
representation in contemporary RCTs remains chal-
lenging. For example, despite a federal mandate in
1986 to include women in clinical trials at rates
similar to the disease under study, women remain
underrepresented in most CV RCTs and comprise
only 27% of study participants (8). Taken together,
limitations of the RCT highlight the role of comple-
mentary study designs in CV imaging such as
observational single-center series and multicenter
registries (Table 1).

OBSERVATIONAL REGISTRIES IN

CARDIOVASCULAR IMAGING

Data registries represent the optimal approach to the
collection of real-world observational data. The term
observational study describes a range of study
designs—prospective and retrospective cohort, cross-
sectional, and case-control—characterized primarily
by the lack of protocol-defined testing or intervention
(12). Observational studies serve a wide range of
purposes and are applicable to many different situa-
tions, ranging from a first description of a finding; to
the confirmation of previously described findings;
to exploratory hypothesis generating new questions;
to validation of preliminary findings to a larger, more
diverse patient series or health care setting; and to
descriptions of clinical practice (13).

Observational registries have several distinct
advantages over RCTs, thereby permitting ongoing
assessment of practice patterns that do not lend
themselves to a randomized trial format. Hence
defining post-test resource use in “real-life” practice is
better donewith observational studies thanwith RCTs,
particularly because in RCTs physicians are aware their
behavior is observed (Hawthorne effect). When RCTs

are not feasible—because there will always
be more questions than funding for RCTs—a
well-designed observational study is the
alternative.

CHALLENGES WITH OBSERVATIONAL DATA.

Observational studies also have several limi-
tations. In contrast to an RCT, in which the
process of randomization minimizes bias and
confounding as a result of measured and
unmeasured covariates, the presence of un-
controlled bias and confounding remains the
most profound limitation of observational
studies that necessitates an in-depth under-
standing of the health care setting, clinical
descriptors of the patient subgroups, and use
of risk adjustment techniques. Indeed, issues
related to the quality and presentation of
these studies led to the development of
statements and checklists to enhance their reporting
and encourage transparency in this regard (13). The
use of death registries rather than direct patient
follow-up also limits knowledge of downstream
events and treatments. Linkage with death registries
or, increasingly, statewide access to medical records
is limited by delays in recordkeeping, but these
resources offer affordable options for collection of
outcome data. Study generalizability may be
limited when findings are extrapolated to different
subgroups or settings. Multivariable techniques,
including propensity scores or other matching tech-
niques, applied to observational data to adjust for
confounding require sophisticated analytical ap-
proaches that further impart challenges in data
interpretation.

A long-recognized bias uniquely affecting obser-
vational studies of CV imaging is partial verification
bias. In studies assessing anatomic endpoints, the
preferential referral of patients to the gold standard
test in proportion to test abnormality leads to far
more positive study results (true and false positive
results) than negative study results (true and false
negative results). Hence sensitivity tends to be over-
estimated and specificity severely underestimated
(partial verification bias) (14).

CONSIDERATIONS FOR A HIGH-QUALITY

CARDIOVASCULAR IMAGING REGISTRY

Establishing a data registry has several challenging
steps including issues of study design, software se-
lection, data collection and entry, maintenance,
analysis, and publication. Registry design should
include pre-specified research questions, outcomes,
patient inclusion and exclusion criteria, the use and

AB BR E V I A T I O N S

AND ACRONYM S

CAD = coronary artery disease

CMR = cardiac magnetic

resonance

CT = computed tomography

CTA = computed tomographic

angiography

CV = cardiovascular

EHR = electronic health record

MPI = myocardial perfusion

imaging

PET = positron emission

tomography

RCT = randomized clinical trial

SPECT = single-photon

emission computed

tomography
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