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Opinion statement

Purpose of the review The goal of this article is to provide the reader an up-to-date
overview of the role that health information technology (HIT) plays in modern-day
healthcare quality improvement (QI) work and processes. The reader should be able to
understand the unique benefits and challenges that HIT can impart on QI efforts, as well as
calibrate their expectations appropriately. Examples will be grounded in recent informatics
evidence and standard practices.
Recent findings Technology has been shown to an effective enabler and potentiator for
quality improvement in initiatives and programs such as population health management,
research, and QI networks, and minimizing use of unproven therapies (e.g., unindicated
antibiotics), for example. HIT challenges remain that can limit this positive effect,
including data management and quality issues, technical interoperability barriers, and
the general nature of quality reporting as it exists today.
Summary Information technology in the form of electronic health records and other
systems are ubiquitous and powerful enablers of quality improvement efforts in
healthcare. When these digital tools are applied according to best practices and in an
evidence-based manner, they can have profound impacts on both quality improvement
processes and outcomes. Technology and the general healthcare environment are rapidly
changing, though, and further study of the intersection of HIT and QI will continue to
inform us of the real promise and pitfalls of this intersection.

Introduction

Information technology has long been seen as a powerful
vehicle for improving the health and healthcare delivery

system in the USA and internationally. Government-
sponsored incentive plans such as the Health
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Information Technology for Economic and Clinical
Health (HITECH) Act and Meaningful Use programs
have made electronic health record (EHR) systems nearly
ubiquitous [1, 2••, 3, 4]. Barriers to adoption in some
areas and contexts, however, remain a challenge [5, 6].
The widespread adoption of electronic health record sys-
tems and other digital technologies, coupled with in-
creasing national healthcare expenditures, has height-
ened expectations of many stakeholders, including
policymakers, politicians, payors, and most importantly,
healthcare consumers. A near-universal expectation of all
parties is that EHRs will drive quality improvement (QI)
in many aspects of care, ultimately leading to better
health outcomes for patients, and do so at lower costs
[7]. A well-known manifestation of this phenomenon is
the Institute of Healthcare Improvement’s BIHI Triple
Aim^, which consists of improving patient experience
(including quality and satisfaction), improving popula-
tion health, and reducing the per capita cost of care [8, 9].

EHRs have demonstrated the capability of improving
patient safety in many aspects, although it is recognized
that, on the whole, rates of iatrogenic harm in the USA
are difficult to improve at scale [10–16]. Much work
remains to be done in this area if large-scale gains are
to be made. While improving patient safety is critical, it
is but only one domain of quality improvement. Other
current key concepts related to QI are population man-
agement, healthcare networks, and resource steward-
ship, among many others. In this article, we will begin
with a brief overview of these initiatives and the role of
HIT in promoting them, as well as discuss some of the
challenges faced when using HIT for QI projects and
programs. Finally, we will cover the role of the Agency
for Healthcare Research and Quality (AHRQ), a major
funder and champion of the use of HIT in quality im-
provement work and provide resources for more infor-
mation on the intersection between these two interest
areas.

Key quality improvement concept domains, sample initiatives,
and the information technology that supports them
Population health management

EHRs are well-positioned to assist care providers inmanaging the health of their
patient populations. As the central platforms for data entry, storage, processing,
and reporting, users ofmodern systems have capabilities at their disposal unlike
any toolset previously available. As EHRs have matured, vendors have designed
more advanced population health management functionalities into their
products.

Perhaps the most fundamental and important of these tools are the patient
registries, which define and contain the populations of interest or cohorts of
patients being managed. Precise definitions of inclusion and exclusion criteria
are paramount to the accuracy of the registries. Equally important is precise
definition around the metrics or measures of interest that the cohort will be
evaluated against. This evaluation allows providers and administrators to un-
derstand the aggregate health of their population of interest, benchmark their
practice against exemplars, detect process, and outcome outliers (both favorable
and unfavorable), and identify Bcare gaps^ among their population, such as
patients not up to date with preventative care measures (e.g., immunizations)
[17]. Patients with chronic conditions are significant beneficiaries of these types
of activities [18, 19•].

On themore advanced side, EHRswith registries are beginning to supply not
only reporting functionalities, but more robust analytic engines and tools as
well. This is case at both the local and national level, with some vendors
supplying external benchmarking capabilities that allow institutions and care
facilities to compare their performance and quality to other centers in an
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anonymous fashion. Data and statistical visualization tools permit users to
quickly and automatically synthesize the information pertaining to their pop-
ulations. Some systems will even allow providers and administrators effector
mechanisms to automatically notify patients of the healthcare variance and
mitigate the issue by scheduling follow-up visits, tests, and procedures.

Research and improvement networks
Somewhat related to population health management is the concept of research
and improvement networks. In a quest to not Breinvent the wheel^, healthcare
services researchers and federal sponsors have encouraged the utilization of
healthcare networks to accomplish public health, research, and quality im-
provement goals. The philosophy and overarching theme of networks is to
encourage coordinated activities that spread best practices and dissemination
of knowledge at an accelerated pace. The information technology infrastructure
ofmost networks also allows aggregation and sharing of data through federated
systems which confer advantages such as universal institutional review boards
(IRBs) which can expedite projects by removing site-specific approval for data
access and study processes. PCORnet, the patient-centered outcomes research
network, refers to this as their BFront Door^, and much has been published in
the informatics literature about the IT infrastructure underlying the network
[20–24]. Pediatric-specific networks and collaboratives have demonstrated par-
ticularly impressive improvements in clinical outcomes [18, 25, 26••].

The Solutions for Patient Safety (SPS) network is, as the name suggests, a
network focused on safety, particularly hospital-acquired conditions. SPS has
grown from an Ohio-based network to an international one [27, 28]. It is now
comprised of over 100 hospitals, both freestanding children’s hospitals and
pediatric facilities housed inside of larger, adult systems. The collaboration
leverages voluntary participation and high-reliability organization principles
to successfully decrease serious safety events in hospitals [29]. The network
continues to grow, both in participants and in scope.

Learning health systems (LHS), originally defined by the Charles Friedman
and the Institute of Medicine (now the National Academy of Science) in 2015,
comprise a specific subset of clinical networks [30•, 31, 32]. LHS are centered
and built around four major tenets: Science and Informatics, patient-clinician
partnerships, incentives, and culture. The Informatics component is further
subdivided into two categories, access to real-time data and knowledge, and
digitally capturing the care experience so knowledge can be generating from the
processes and data recorded. LHS are also built upon the premise of continuous
cycles of improvement and feedback.

Overuse of therapies or treatments
The US healthcare system has traditionally focused on usingmedical treatments
or interventions to achieve better clinical outcomes. In the last decade, however,
an increasing amount of attention and effort has been spent doing exactly the
opposite—scrutinizing treatments and determining the value of their imple-
mentation. This determination is often carried out in comparative effectiveness
or non-inferiority studies, frequently with a goal of gathering evidence to
support the cessation of costly or unproven therapies. The Choosing Wisely
campaign, originally sponsored by the American Board of Internal Medicine
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Foundation and now espoused by the American Academy of Pediatrics, is a
prime example of these efforts [33–36]. Pediatric Choosing Wisely targets
include the non-judicious use of antibiotics for apparent viral respiratory ill-
nesses, the minimization of inappropriate imaging when data shows very little
or no benefit for a specific indication, and discouraging routine use of infant
apnea monitors to prevent SIDS, among others.

Health information technology has been pivotal in promoting antibiotic
stewardship programs (ASPs) and ASPs in pediatric facilities, and these pro-
grams have shown impressive clinical outcomes [37–42]. A primary function of
these programs is to ensure high quality and appropriate use of antibiotics in
order to promote good of resources, cost-containment, and most importantly,
to combat antibiotic resistance by limiting the exposure of bacteria and other
organisms to antibiotics. The informatics software and tools that ASPs are
utilize, however, are subject to the same human factors considerations and
workflow integration as traditional EHR tools [42]. Poor implementation and
suboptimal workflow integration will limit the usefulness and power of ASPs.

ASPs have become so commonplace in large institutions that quality metric
frameworks have been introduced and debated in the literature by many
investigators, and systematic reviews are now available [38, 43–46].

There are many other important concepts in quality improvement that are
heavily influenced and dependent on health information technology, but
population health management, research and QI networks, and the focus on
eliminating low-value diagnostic and treatment interventions are particularly
hot topics in healthcare today. These concepts and strategies, when powered by
HIT and informatics best practices, have tremendous potential to change
healthcare practice for the better and realize the promise of improved clinical
outcomes.

ImproveCareNow—an example that brings these concepts
together

One of the better known large-scale examples in pediatrics where all of the
above concepts have been applied successfully is the ImproveCareNow
network-based learning health system [47]. ImproveCareNow has a robust IT
infrastructure facilitating its successes [48]. The overall functional architecture of
ImproveCareNow includes the infrastructure to support cohort identification,
data quality, quality improvement, population management, and pre-visit
planning (Figure 1 in the above reference).

ImproveCareNow’s main charge is to improve chronic diseasemanagement;
in this case, it focuses on reducing flares or exacerbations of inflammatory
bowel disease in the pediatric population. ImproveCareNow has matured over
time to adhere to principles of only handling data once, automating reporting
and analysis, and aims to move towards a more Bvendor-agnostic^ approach.
ImproveCareNow is a true populationmanagement learning health system that
focuses on making sure patients with chronic disease receive the right amount
of therapy to achieve optimal outcomes. To date, the network has had many
successes in closing care gaps (such as improving appointment visit rates),
improving communication between patients/families and providers, and most
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importantly, decreasing exacerbation rates [49, 50]. Technology, including a
robust patient registry, has been pivotal to their efforts.

Information technology-specific challenges in quality
improvement

We would be remiss not to recognize and enumerate a few key technology-
specific challenges that exist in modern-day quality improvement efforts. Three
main issues that we will discuss briefly are the challenges associated with data
management and the quality of the data itself, technical interoperability con-
cerns, and problems with quality reporting.

Data management and quality of the data
It is very common for data requestors to underestimate how difficult it can be to
work with data, especially when it is being reused or purposed for reasons other
than why it was originally generated, i.e., secondary use of data. This is a very
common practice and is also often used for research and public health surveil-
lance as well [51]. Primary use of data, that is data collected used for its original
purpose, confers the advantage of being designed to meet the desired goal, but
can be expensive to collect and manage. Secondary use of data, on the other
hand, is relatively inexpensive to collect from an effort standpoint (because it
already exists), but usually has quality issues since it is essentially being
recycled. There are often many unique challenges to understanding the limita-
tions of secondary data, especially when the secondary use is for quality
improvement [52]. A potential pitfall is that it is often necessary to understand
the workflows and circumstances under which the data was generated, collect-
ed, and transformed as it was processed. It is very common for idiosyncratic
workflows to generate anomalous patterns in the data that may lead to misin-
terpretation. Other issues with data integrity such as completeness can be
difficult to detect when the dataset or corpus is very large.

As a practical example, consider the maintenance of a large patient registry. If
the data generated by the registry is used by someone unfamiliar with the inclusion
and exclusion criteria, the cohort that the data represents may not be the actual
cohort of interest to the investigator, which would lead to potentially false conclu-
sions upon analysis. In addition, many registries require some manual curation to
be accurate, which creates an opportunity for issues depending due to inter- and
intra-curator reliability in their curation activities. In general, data management,
validation, interpretation, and quality checks are typically more time-consuming
and difficult than one would expect at the outset.

Technical interoperability
Much of the original studies touting the national benefits of EHRs and associ-
ated systems were based upon the underlying assumption that individual
systems would be technically interoperable, meaning that one EHR could more
easily Btalk^ and transmit data seamlessly with a different EHR system at
another institution or facility. Despite the proliferation and maturation of
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technical standards, protocols, guidelines, and conventions, interoperability
remains a frequently discussed and lamented challenge. Without true interop-
erability, data exchange is non-existent, inefficient, or oftentimes very limited as
is the case with view-only exchange of data (not readily usable for automated
clinical decision support, for instance). Research and improvement networks
will often overcome this challenge by building common data exchange models
and protocols, but this is extremely time-consuming and no solution is univer-
sal for all use cases, so the gains are limited. EHR vendors have come under
increasing pressure from federal and academic sources to improve the interop-
erability of their products [53].

Quality reporting
Healthcare providers and their organizations are increasingly required or incen-
tivized to report on the quality of the services and care they provide to their
patients. Many federal agencies, payors, and external auditors (for certification
or regulation purposes) often have very different criteria for what they define as
quality. The onus, therefore, falls on the providers and their facilities to meet
these reporting requirements frommultiple sources. One incorrect assumption
that many will make is that the adoption and use of EHRs and other technology
has made reporting easier and more automated. A counter-observation is that
since healthcare is now largely digital, the expectations and requirements to
prove quality and value have created an even bigger reporting burden. One
particular bit of added complexity for pediatrics is that much of the reimburse-
ment for services comes from Medicaid, which is largely overseen at the state
level (unlike Medicare, where funding decisions are typically made at the
Federal level). As such, there is often variance in what states are required to
report on, and their ability to do so [54•]. Measures may also change over time,
and it is not uncommon for large healthcare organizations to maintain reports
covering multiple versions of the relatively same measure for both internal and
external needs. Fortunately, however, there have been recent pressures to align
quality measures across multiple sources, which could alleviate some of the
current challenges with quality reporting.

AHRQ: federal agency supporters of using health information technology for quality
improvement

The Agency for Healthcare Research and Quality (AHRQ) is a primary
funder and supporter of using HIT for quality improvement. The study
and support for this work has been previously focused into specific initia-
tives, including HIT-enabled quality measurement (2012–2013), Ambula-
tory Safety and Quality Program (2007–2013), and the Transforming
Healthcare Quality Through HIT (2004–2010). The AHRQ website can
be found at https://healthit.ahrq.gov. Their website is a valuable source
for many things, including introductory materials, funding opportunity
details, and toolkits including implementation guides and evaluation
methods. They even have a pediatric-specific section on the website, which
contains reports on recommended specifications for pediatric functionality
in EHRs, sample pediatric care documentation templates, and information
regarding rules and electronic reminders supporting pediatric-specific clin-
ical decision support tools.
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In addition, the broader HealthIT.gov website contains more broad infor-
mation about the benefits of EHRs (https://www.healthit.gov/providers-
professionals/health-care-quality-convenience). It also houses the electronic
Clinical Quality Improvement (eCQI) Resource Center, which contains a
wealth of information about electronic QI measures and reporting, education
opportunities, standards, tools, and more.

Conclusion

Health information technology is a foundational tool for quality improvement
in modern healthcare. When combined with other QI tools and skills, it can be
a great enabler for change in research, education, and healthcare delivery,
leading to vast improvements in value and quality. HIT for QI is not without
its own challenges, and these obstacles must be recognized, addressed, and
mitigated to potentiate true change in our processes and outcomes. This article
was meant to introduce the reader to each of these aspects.
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