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Abstract

During the last two decades, improving the quality and safety of healthcare has become a focus in
rheumatology. Widespread use of electronic health records (EHRs) and the availability of digital
data have the potential to drive quality improvement, improve patient outcomes, and prevent
adverse events. In the coming years, developing and leveraging tools within the EHR will be the
key to making the next big strides in improving the health of patients with rheumatoid arthritis and
other rheumatic diseases, including building EHR infrastructure to capture patient outcomes and
developing automated methods to retrieve information from free text of clinical notes.

The increasing use of electronic health records (EHRS) and the availability of digital data
have created new opportunities to improve the quality and safety of healthcare in
rheumatology. Most efforts have focused on rheumatoid arthritis (RA) given the relatively
high prevalence and morbidity associated with the disease. Over the last 20 years, we have
seen the transformation of treatment for many rheumatic diseases, particularly for RA.
Scientific discoveries have paved the way for new biologic and targeted drugs that control
disease when conventional treatments lack efficacy. The pain and disability associated with
many rheumatic diseases can now be managed or prevented in a great majority of patients.
However, care has also become more complex, with primary and specialty care often
distributed across multiple providers. There is also a growing focus on incorporating
patients’ needs and preferences into clinical decision-making. Providers must work to
empower patients with the knowledge to understand their disease, adhere to therapy, and
receive evidence-based therapy adjustments and monitoring. Studies show that there is room
for improvement in creating safe and patient-centered health care in rheumatology.[1,2,3,4]
However, the pieces are in place to continue to improve health care for rheumatic diseases
over the next decade, including the health information technology (IT) infrastructure
provided by electronic health records (EHRs); the availability of valid, responsive, and
feasible patient-reported outcomes (PROs) and disease activity measures for clinicians to use
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in clinical settings; and evidence-based standards to guide monitoring and safety strategies
for patients receiving high-risk immunosuppressant drugs.

While there are many opportunities to advance quality and safety in rheumatology using
EHRs, [5] below we outline two areas where work has begun and discuss approaches to
developing these areas further.

Improving disease outcomes in RA

The primary goal of treating patients with RA is to maximize long-term health-related
quality of life through control of symptoms, prevention of structural damage, normalization
of function, and maintained social participation.[6] Efforts to advance quality of care in RA
have focused on collecting and improving outcome measures. The routine collection of
outcome measures forms a framework for benchmarking performance across providers and
practices and allows for the creation of a learning health care system, in which information
about outcomes and performance is fed back to patients and providers to continuously
improve quality of care and to fuel new discoveries.[7]

Measuring PROs and disease activity measures during the course of clinical care allows
clinicians to employ a “treat-to-target” strategy, which has been shown to reduce morbidity
and mortality for patients with RA. Several important clinical trials have demonstrated that
patients managed with treat-to-target approaches had a higher likelihood of achieving
remission and experiencing a reduction in radiographic joint erosions, improved physical
function, and better quality of life.[8,9,10,11] In a real-world setting, an observational study
involving 1,297 patients showed that achievement of recommended disease targets was
associated with improved physical function, health-related quality-of-life, and reduced
hospitalizations.[12] Routine measurement of physical function helps determine if a key
treatment goal-maintaining functional capacity - has been achieved. Achieving lower
disease activity has also been associated with further improvement of physical function.[13]
When incorporated into the health care visit, PROs can stimulate conversations between
patients and providers that lead to shared decision-making and result in more individualized
care.[14]

In an effort to encourage the use of treat-to-target strategies, in 2014, the National Quality
Forum (NQF) endorsed two quality measures that address the collection of PROs in RA: (1)
an annual recorded measure of physical function and (2) a disease activity measure recorded
in at least 50% of encounters.[15] American pay-for-performance programs such as the
Medicare Incentive Payment System (MIPS) incentivize performance on quality measures.
MIPS quality reporting for rheumatologists can be fulfilled by participating in qualified
clinical data registries such as the American College of Rheumatology’s national patient
registry (known as the Rheumatology Informatics System for Effectiveness or RISE).[16]

Already, many rheumatology practices are using PROs to guide chronic care management,
to monitor symptoms, to engage RA patients in disease tracking and shared decision-
making, and for national quality reporting and benchmarking. However, the collection and
utilization of outcome measures remains inconsistent, with some practices not collecting
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them at all, and others collecting them inconsistently or as unstructured data in clinical
notes. Data from the American College of Rheumatology’s RISE registry found that among
the 178,931 individuals enrolled in the registry with RA, just over 50% have a functional
status PRO or RA disease activity score recorded.[17] (Rates of PRO collection outside of
RISE practices are reported to be similar or lower.[18,19,20]) A significant number of these
PROs are documented as free text within clinical notes or as images in scanned documents.
This is problematic because detection and extraction of PRO and disease activity measures
from these unstructured fields is labor-intensive and error-prone.[21]

How do we increase the use of RA outcome measures in clinical practice and at the same
time increase documentation of these outcomes in the EHR? These two concepts are related
in a “virtuous cycle,” for once outcomes are reliably documented and easily tracked, they
become much more useful for providers and patients, and are then more likely to be
collected.[22] Making PROs and disease activity measures easier to collect, and
communicating their trajectories with patients, creates a treat-to-target focus for the clinical
visit. Below we discuss two approaches to improving outcome measure documentation — 1.
Building EHR infrastructure to capture outcome measures in structured fields; and 2.
Developing automated methods to retrieve these pieces of information from the text of
clinical notes.

Building EHR infrastructure to capture PROs and disease activity measures in structured

fields

One approach to making PROs and disease activity measures easier to collect and track
involves developing methods to capture key data elements in EHR structured fields (just as
vital signs or lab results are). For example, in order to document disease activity, a
homunculus might be built within the EHR where tender and swollen joints can be denoted
by providers, generating structured data for joint counts. Patients can input Patient Reported
Outcome Measurement Information System (PROMIS®) survey items or patient reported
global disease activity assessments via a computer portal in the waiting room or online
before their visit. The EHR can calculate disease activity scores by compiling tender and
swollen joint count data from the homunculus, patient and physician global assessment
scores, and laboratory results (if needed). Scores can be documented in flow sheets within
the EHR, which are accessible as structured data and subsequently can be used in a provider-
facing dashboard. EHR enhancements could enable real-time trending of PRO scores over
time, including the current time point during the clinic encounter. Additional features could
include the display treatment targets to indicate whether a patient is in the “target zone”
(remission or low disease activity) and illustrate how medication changes relate to PROs
over time. Elements of such a tool could also be adapted for display to patients or as part of
an after-visit summary, to enhance shared-decision making and patient engagement.
Outcome data could also be used to provide clinical decision support or guide population
health management. This approach has been successful in a large U.S. rheumatology
practice.[23]

Despite these potential benefits, structured capture of PROs and disease activity measures
may come at the cost of negative or unintended consequences.[24] For example, providers
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may find it onerous to click through an EHR-based homunculus when their workflow using
a paper-based homunculus was faster or allowed for more eye contact with the patient. One
key to minimizing burden on clinicians is to use principles of human-centered design to
build the EHR for seamless input of such data, including, for example, patient-specific
default settings on the homunculus, or order templates that ease data input.[25,26] The
development of new digital infrastructure should aim to make care and its documentation
simpler and more standardized, including keeping data input as effortless as possible, while
attempting to identify and address unintended downstream effects.

Developing automated methods to retrieve PROs and disease activity measures from the
text of clinical notes

Many rheumatologists do not have the health IT or EHR vendor support to record PROSs or
disease activity measures as structured data, and some providers prefer to document as free
text in clinical notes. Information written into clinical notes and not input into a structured
field is more challenging to extract from the EHR. Current systems to manually retrieve this
information through chart review are extremely time- and resource-intensive.

One potential solution is to use automated methods to transform unstructured information
into structured data. Natural language processing (NLP) or machine learning algorithms are
tools designed to extract information from the text of clinical notes. NLP approaches attempt
to interpret human language by accounting for the hierarchical structure of language to
combine words into phrases, phrases into sentences, and sentences into concepts in
information extraction algorithms. Machine learning approaches incorporate free text and
other data as part of statistical models to make predictions about the presence or absence of
an outcome or patient characteristic. Both approaches have shown promise in recent studies
to retrieve RA diagnoses and outcome measures from the text of clinical notes.[27,28,29,30]
Outside of rheumatology, researchers have developed text data extractors for dementia
diagnoses and cancer staging, urinary incontinence-related PROs, identification of out-of-
network emergent care encounters, disease phenotyping, and extraction of documentation of
advanced directives.[31,32,33,34] This work has shown that important healthcare outcomes
are being captured in EHRs as free text and that although challenges exist, NLP and machine
learning methods may be increasing feasible options for accurately and efficiently
identifying health outcomes.

Although automated methods to extract information from the text of clinical notes would
minimize the burdens of quality measurement on providers, significant challenges exist in
implementing such approaches. Heterogeneity in clinical text can make automated analysis
difficult - clinical text can range from well-structured report summaries to loosely organized
or telegraphic text, and all can vary in accuracy based on the individual who input the data
into the EHR.[27,35,36] Additional challenges include the handling of misspellings, unusual
syntax, ambiguous abbreviations, and other clinic-, healthsystem-, regional-, or EHR-
specific variations. Nevertheless, there is growing consensus that automated information
extraction methods augment the accuracy of case-detection algorithms compared to
structured text alone, findings that can likely be extended to quality measurement examples
as well. [37]
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Improving medication safety for patients receiving high-risk
immunosuppressants

While improving outcomes is a top priority for quality improvement efforts, ensuring patient
safety is equally important. Over the past two decades, RA management has become
progressively more complex due to the increased number of medications available (including
biologic agents and biosimilars) as well as multidisciplinary care that is often fractured
across different providers. These developments have made medication safety increasingly
important as a focus for quality improvement efforts. Unfortunately, innovations to ensure
safe prescribing, monitoring and use of the high-risk medications use in RA have not kept
pace with these changes, and reports of preventable adverse events are increasing.[4]
Examples include fulminant hepatic failure from hepatitis B in patients taking B-cell
depleting therapies without appropriate preventive measures, [38,39] reactivation of latent
tuberculosis in patients taking anti-TNF therapies, [40,41] and unintended pregnancies in
women using teratogenic medications who may not have received adequate contraceptive
counseling.[42,43,44,45]

The full power of data available through EHRs has not yet been harnessed to shed light on
ambulatory patient safety in rheumatology. Most studies of patient safety still employ
manual chart review, which is resource intensive and costly. Quality measurement most
often involves post-hoc review of administrative data. However, patient safety process errors
such as (1) failure to institute preventive practices that reduce adverse medication events, (2)
missed safety monitoring for patients using high-risk immunosuppressive medications, or
(3) absence of systems to manage abnormal results from medication toxicity monitoring are
all potentially measurable through the EHR, as patients could be assessed in real-time for
receipt of recommended care. Wise use of EHR data could allow us to build tools to prevent
errors before they occur. The EHR should be able to offer important and targeted warnings
and safety-oriented clinical decision support to providers. In addition, patient safety quality
measures can serve as benchmarks across providers to compare performance, and stimulate
quality improvement.

There are several examples of areas where clinical decision support can improve patient
safety in rheumatic diseases. For instance, screening and prophylaxis for Hepatitis B (and
antiviral prophylaxis for patients who screen positive) are recommended prior to initiation of
rituximab in order to reduce the incidence of Hepatitis B reactivation.[38,46,47,48,49,50,51]
With advanced clinical decision support, an automated program within the EHR could
potentially scan the EHR to find any results for Hepatitis B testing as a provider orders
rituximab. If the Hepatitis B test were absent or positive, the EHR could offer a trigger
warning or pop-up tool to correct the omission in real time. Individualized provider
dashboards could report the proportion of patients receiving rituximab who had appropriate
Hepatitis B screening or prophylaxis and show the average performance on this measure
across the health system or region for comparison. Trials of such clinical decision support
tools have shown that they can improve patient safety by, for example, increasing
prescription of calcium and vitamin D supplementation in patients receiving glucocorticoids
or improving rates of herpes zoster vaccination.[52,53]
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Although automatic extraction of safety data within the EHR holds promise, understanding
potential safety errors and adverse events is a complex task that requires detailed clinical and
operational knowledge. In the rituximab/Hepatitis B example above, it would be critical for
the EHR to be able to retrieve all existing laboratory results, whether they were stored as
structured data, text in clinical notes, or scanned images or pdfs, depending on the health
system; this would avoid a slew of “false positive” alerts (i.e., alerting the provider that
Hepatitis B tests were missing when in fact, they were imported as scanned outside
laboratory records). A naive EHR decision support tool would incorrectly prompt providers
to order these labs again if labs were not captured in structured fields. Since interoperability
of the EHR across health systems, laboratories, and pharmacies remains a challenge, the
near-term solution is to create systems that can retrieve data from sources such as clinical
notes or scanned documents. Systems need to be designed to avoid the burden of data input
by providers while at the same time minimizing workflow disruptions and incorrect or
irrelevant clinical decision support alerts, which can lead to alert fatigue.[54]

Other examples of areas where EHR enhancements could address safety issues among
patients with rheumatic diseases are listed in Table 1.

Additional areas for future work

Quality reporting, performance benchmarking and risk adjustment

One goal of quality measurement is to benchmark performance across health systems or
providers. Patients want to be able to examine outcomes across providers to make decisions
about where they should receive care; doctors want to benchmark their performance and see
how their populations of patients are doing relative to others; the information may also be
useful for payers and others to understand who is a high-versus lower-quality provider. But
comparing outcomes across health systems or providers usually requires risk-adjustment of
those outcomes, since providers with fundamentally different populations of patients often
have different aggregate outcomes (e.g. a geriatrician with patients of ages 75-99 will, on
average, have worse functional status scores compared to an internist whose panel includes
patients aged 18-99). In the case of RA outcomes, consensus is lacking around whether or
how to adjust for patient factors that affect outcomes outside of the control of the provider.
Although process measures (such as prescription of a DMARD, or collection of a disease
activity measure) avoid the issue of patient factors or “case mix” adjustments, health
outcomes such as pain, functional status, and disease activity are more important to patients
and more meaningful on a societal level. Initial work is underway to develop a risk-adjusted
outcome measure for RA.[55]

Unintended consequences of performance measurement and clinical decision support

As we develop meaningful measures around quality and safety, we need to search
aggressively for unintended consequences of new quality measures, and work to construct
balancing measures to capture these consequences.[56] This applies not only to local quality
improvement efforts but also at the health system level. On the care delivery side, the time it
takes to collect and accurately report measures may lead to slower provider workflows and
increasing wait times to see a rheumatologist. On the health outcomes side, one potential
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unintended consequence of a “treat-to-target” approach to minimizing disease activity for
RA patients is the potential for higher incidence of infection, as more patients receive
increasing amounts of immunosuppression. To understand the complex effects of quality
measurement, these aspects should be measured and accounted for when defining high
quality, high value care.

Pragmatic trials that test the effects of quality improvement interventions and clinical
decision support on health outcomes

With the implementation of new quality and safety measures, we need to build an evidence
base showing which strategies are most successful in improving patient outcomes,
minimizing adverse events, and maximizing patient and provider satisfaction. Traditional
randomized controlled trials can be difficult in the experimental evaluation of quality
improvement interventions because of cost, time, and difficulty in randomizing different
providers or health systems. Quasi-experimental study designs aim to evaluate interventions
without using randomization. These types of studies use both pre-intervention and post-
intervention measurements to compare outcomes of interest before and after an intervention
(e.g., a new EHR-based clinical decision support tool) is introduced, and are useful when
evaluating new health system interventions. [57,58,59] For example, quasi-experimental
studies have quantified the usefulness and impact of clinical decision support tools to curb
antibiotic prescribing in acute respiratory infections (a process improvement)[60] and
standardized analgesia protocols on post-operative pain (an outcomesimprovement).[61] In
the United States, Medicare has begun testing and evaluating health care interventions
through demonstration projects funded by an institute developed expressly for this purpose,
the Center for Medicare & Medicaid Innovation.

Conclusions

In summary, over the last two decades, quality of care and patient safety have become top
priorities in rheumatology. Widespread use of EHRs and the availability of digital data have
the potential to drive quality improvement, improve patient outcomes, and prevent adverse
events. In the coming years, developing and leveraging tools within the EHR will be the key
to making additional advances in improving the health of patients with RA and other
rheumatic diseases.
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