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Scientific rigor should be consistently applied to quality improvement (QI) research to ensure that healthcare interventions improve quality
and patient safety before widespread implementation. This article provides an overview of the various study designs that can be used
for QI research depending on the stage of investigation, scope of the QI intervention, constraints on the researchers and intervention
being studied, and evidence needed to support widespread implementation. The most commonly used designs in QI studies are quasi-
experimental designs. Randomized controlled trials and cluster randomized trials are typically reserved for large-scale research projects
evaluating the effectiveness of QI interventions that may be implemented broadly, have more than a minimal impact on patients, or are
costly. Systematic reviews of QI studies will play an important role in providing overviews of evidence supporting particular QI inter-
ventions or methods of achieving change. We also review the general requirements for developing quality measures for reimbursement,
public reporting, and pay-for-performance initiatives. A critical part of the testing process for quality measures includes assessment of
feasibility, reliability, validity, and unintended consequences. Finally, publication and critical appraisal of QI work is discussed as an es-
sential component to generating evidence supporting QI initiatives in radiology.
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INTRODUCTION

F undamental differences between quality improve-
ment (QI) research and traditional scientific research
can be best understood by articulating the goals of these

two distinct activities. QI research is designed to achieve pos-
itive change in a specific process or service that tends to be
highly dependent on the local environment. These projects
usually focus on a well-defined problem, build in feedback
on immediate outcomes to allow for the adjustment of in-
terventions, and are generally not dependent on a deep
understanding of the mechanisms of change involved in the
interventions (1,2). Traditional scientific research is de-
signed to explicitly test a hypothesis, eliminate or minimize
bias, and yield new generalizable knowledge with a focus on

the mechanisms of cause and effect. Some features of QI and
traditional research overlap. Hypothesis-driven testing con-
stitutes a critical part of QI, although QI includes other
systematic activities distinct from scientific research such as
goal-setting, performance measurement and feedback, stan-
dardization, and education (3). Scientific rigor should be
consistently applied to QI research to ensure that patients do
not suffer harm in the name of QI.

Considerable debate exists regarding the use of health-care in-
terventions designed to improve quality and patient safety without
clear evidence that benefits outweigh costs and harms. Propo-
nents of implementing large-scale health-care interventions without
compelling evidence note that in many instances, it may be costly,
difficult, or impossible to generate evidence. This difficulty may
relate to problems blinding investigators or participants, inability
to establish causality, or issues related to interventions that are
highly dependent on local context and culture (2). Opponents
argue that if the evidence is not compelling, well-intentioned
interventions may fail to improve health or may even cause
harm, while costing dearly (4). One example of a QI initia-
tive in radiology that has been successfully implemented in
many different local environments is the Image Gently cam-
paign, which also serves as one of the National Quality Forum’s
(NQF) Safe Practice guidelines to reduce unnecessary expo-
sure to ionizing radiation for children (5,6).

The goals of this review are to (1) provide a review of QI
research methodologies and study designs that can generate high-
quality evidence regarding QI interventions in radiology, (2) review
the ethics of QI research, (3) discuss the rationale and process for
developing quality measures, and (4) provide guidance on the
preparation and review of manuscripts regarding QI initiatives.
The Association of University Radiologists Radiology Research

Acad Radiol 2017; 24:253–262

From the Department of Radiology, University of Virginia, 1215 Lee Street,
Box 800170, Charlottesville, CA 22908 (J.N.I.); UPMC Health Plan, Pittsburgh,
Pennsylvania (E.B.); Sunnybrook Health Sciences Centre, Department of Medical
Imaging, University of Toronto, Toronto, Ontario, Canada (L.P.); Department
of Radiology and Imaging Sciences, Emory University School of Medicine (N.K.,
M.E.Z.); Emory University, Atlanta, Georgia (P.-A.T.D.); Division of Abdominal
Imaging and Intervention, University of Wisconsin School of Medicine and Public
Health, Madison, Wisconsin (L.M.G.); Abdominal and Cross-sectional
Interventional Radiology, University of Michigan School of Medicine, Ann Arbor,
Michigan (M.M.-L.); Department of Radiology, University of British Columbia,
Vancouver, British Columbia, Canada (E.P.S.); Department of Radiology, Division
of Interventional Radiology, Weill Cornell Medicine/New York Presbyterian
Hospital, New York, New York (R.S.W.); Beth Israel Deaconess Medical Center,
Harvard Medical School, Boston, Massachusetts (J.W.K.); Department of
Radiology, NYU School of Medicine, New York, New York (A.B.R.). Received
March 11, 2016; revised May 4, 2016; accepted May 5, 2016. Address cor-
respondence to: J.N.I. e-mail: Jason.Itri@Virginia.edu

© 2017 The Association of University Radiologists. Published by Elsevier Inc.
All rights reserved.
http://dx.doi.org/10.1016/j.acra.2016.05.010

253

mailto:Jason.Itri@Virginia.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acra.2016.05.010&domain=pdf


Alliance convened a task force to explore this topic with the results
presented in this review.

QUALITY IMPROVEMENT STUDY DESIGNS

Many QI study designs draw from health services research,
social science, and other disciplines, each with advantages and
disadvantages in dealing with the complexities of clinical prac-
tice (1). These designs attempt to establish a causal relationship
between an intervention and a change in outcome. The choice
of design depends on both the purpose of the study and the
degree of control the investigators have over delivery of the
intervention (7). Campbell et al suggest that the evaluation
of complex interventions should follow a sequential ap-
proach that provides increasing evidence (8):

• Explore relevant theory to ensure the best choice of in-
tervention and hypothesis and to predict major confounders
and strategic design issues;

• Identify the components of the intervention and the un-
derlying mechanisms that will influence outcomes,
predicting how the intervention and mechanism relate to
and interact with each other;

• Describe the constant and variable components of a rep-
licable intervention and a feasible protocol for comparing
the intervention with an appropriate alternative;

• Compare a fully defined intervention to an appropriate
alternative using a protocol that is theoretically defensi-
ble, reproducible, and adequately controlled in a study with
appropriate statistical power;

• Determine whether others can reliably replicate the in-
tervention and results in uncontrolled settings over the long
term.

The following section provides an overview of the various
study designs that can be used for QI research depending on
the stage of investigation, scope of the QI intervention, con-
straints on the researchers and intervention being studied, and
evidence needed to support widespread implementation.

QUALITATIVE METHODS

The effectiveness of QI interventions can be highly depen-
dent on the perspectives, attitudes, and behaviors of patients
and health-care professionals in the context of their organi-
zations and health-care teams (9). The use of qualitative methods
involves the systematic collection, organization, and analysis
of textual information that emphasizes the understanding of
meanings and experiences useful for quality assessment (9).
Qualitative research methods allow researchers to identify what
matters to patients and health-care providers, form the the-
oretical basis for why an intervention leads to improvement,
detect obstacles to changing performance, and explain why
improvement interventions succeed or fail (1).

Interview-based Qualitative Methods

These methods may be either semi-structured or in-depth,
determined by the structure of the questions used to explore

experiences and attitudes (9). These approaches may uncover
issues or concerns that the researchers had not anticipated or
considered. Focus groups use the interaction of a group of
people to generate data, allowing group members to talk to
one another, argue, and ask questions that can be useful for
learning about shared experiences.

Observational-based Qualitative Methods

Allow researchers to discover everyday behavior rather than rely
on interview accounts of the organizational setting, team be-
havior, and interactions. These methods are fundamental to process
improvement methodologies such as Lean and Six Sigma. The
goal is to see what truly happens in particular health-care set-
tings. Common approaches include participant observation, direct
observation, and professional patient “shoppers” (10).

QUALITY IMPROVEMENT PROJECTS

Many small-scale QI projects use process improvement tech-
niques adapted from industry such as the continuous QI model
by Deming, Lean, and Six Sigma. These techniques are based
on incremental, cyclically implemented changes using a struc-
tured approach to selecting, implementing, testing, and refining
interventions. Examples include Plan–do–study–act and Define,
Measure, Analyze, Improve, and Control (1). Chassin and Loeb
outline a broad framework of improvement strategies defined
as “Robust Process Improvement” tools that involve “reli-
ably measuring the magnitude of a problem; identifying the
root causes of the problem and measuring the importance of
each cause; finding solutions for the most important causes;
proving the effectiveness of those solutions; and deploying pro-
grams to ensure sustained improvements over time” (11).
Kruskal et al and Rawson et al directly apply these tools to
radiology practice, incorporating strategies that involve both
the improvement team and institutional leadership (12,13).

In QI projects, it is important that the process be “data
driven” or quantitative. The target of change should be mea-
sured and monitored, combining the power of statistical
significance tests with chronological analysis of data to gen-
erate evidence supporting the effectiveness of interventions.
For example, identifying patients “on time” for computed to-
mography (CT) examinations can be accomplished with the
display of the distribution of data over a specific time inter-
val using a histogram. The histogram provides a visual depiction
of the distribution of the data into consecutive, nonoverlapping
bins or intervals. It therefore portrays numerous aspects of the
overall data distribution, including the central tendency, spread,
and asymmetry. Using averages or means is not sufficient
because these measures do not provide information about vari-
ation. For example, reporting an average wait time of 5 minutes
for patients undergoing CT examinations obscures instances
in which patients waited over an hour, which would be the
greatest opportunities for improvement. A second aspect of
the histogram is a “specification limit” serving as the “voice
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