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Abstract

Assessment and evaluation of trainees’ clinical performance measures is needed to ensure
safe, high-quality patient care. These measures also aid in the development of reflective, high-
performing clinicians and hold graduate medical education (GME) accountable to the public.
While clinical performance measures hold great potential, challenges of defining, extracting,
and measuring clinical performance in this way hinder their use for educational and quality
improvement purposes. This article provides a way forward by identifying and articulating
how clinical performance measures can be used to enhance GME by linking educational
objectives with relevant clinical outcomes. The authors explore four key challenges: defining
as well as measuring clinical performance measures, using electronic health record and
clinical registry data to capture clinical performance, and bridging silos of medical education
and health care quality improvement. The authors also propose solutions to showcase the
value of clinical performance measures and conclude with a research and implementation
agenda. Developing a common taxonomy of uniform specialty-specific clinical performance
measures, linking these measures to large-scale GME databases, and applying both
guantitative and qualitative methods to create a rich understanding of how GME affects
quality of care and patient outcomes is important, the authors argue. The focus of this article
is primarily GME, yet similar challenges and solutions will be applicable to other areas of

medical and health professions education as well.



The goal of graduate medical education (GME) is to prepare residents to provide high-quality
care for patients.! However, evidence suggests that this goal is not always achieved. As an
example, Asch and colleagues found that obstetrics and gynecology residency programs can
be systematically ranked based on the complication rates of their graduates.” That study
showed that gaps in clinical performance can vary based on one’s training and that those gaps
can persist for years following residency. Although shortcomings in clinical performance are
often framed as an educational issue, these immediately and directly affect the safety and
quality of patient care.® Without understanding the impact of GME on care processes,
including quality indicators and clinical outcomes, identification of these learning gaps and
improvement of patient care is nearly impossible.*> Complicating this issue further, recent
evidence suggests that residents may not fully understand the vision of quality improvement
(QI), are confused about QI basics, and feel‘that they.do not play a valuable role in QI
efforts.® To this end, approaches are needed that explicitly align medical education and
training with clinical outcomes in ways that are meaningful for residents. This will ensure
safe patient care, meaningful performance assessments throughout residency, resident
orientation and fluency with the performance improvement process, and data-driven
performance improvement indicators for residents. In fact, our understanding of the
relationship among medical education, quality of care, and patient outcomes has advanced
minimally over the past 40 years. A 1978 article from McGraw and colleagues from the Work
Group on the Education of the Health Professions and the Nation’s Health called for studies
focused on the relationship between training and patient outcomes.” Nearly 40 years later,
Weinstein’s editorial in the New England Journal of Medicine bemoaned the same need in the

research agenda for medical education.?



In this article, we focus on the purposeful and deliberate use of clinical performance measures
in GME as a potential solution to the problem of aligning resident education with clinical care
quality. Clinical performance measures can include both clinical care process indicators and
patient outcomes that have been adapted for use in GME. We first argue for the need to use
more clinical performance measures in GME and then focus our discussion on the challenges
of their use in practice. Then we identify a way forward by proposing how resident clinical
performance measures can be used to promote medical education research and practice
improvement by linking educational objectives with clinical outcomes. The final section
provides an overview of common issues and practical challenges of accessing and working
with the electronic health record (EHR) and concludes by presenting a research and
implementation agenda. While clinical performance measures are applicable for any clinical
workplace-based learning settings, including undergraduate medical education, continuing
medical education, and other health professions education (pharmacists, nursing), we have
chosen to focus on GME in order to build on existing research in this field.

The Need for Clinical Performance Measures in GME

The need to connect GME to care quality and clinical outcomes is relevant worldwide;
however, this.demand is compounded by increasing costs and public accountability regarding
how residents are educated.’ In the United States alone, for example, GME costs taxpayers 15
billion.dollars annually.*® Yet, we know that residency programs differ measurably in the
quality of care delivered by their graduates.>™* Hence, we need clinical performance measures
not only that evaluate individual residents’ performance in practice but also that portray
characteristics of their learning environments in order to promote safe care delivery.'? Clinical
performance measures may provide a way forward to help residency programs meet the needs
of the patient populations they serve.*® Additionally, clinical performance measures can serve

an accountability function for the public investment in training physicians to deliver high-
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value, high-quality care by linking GME to health care quality and clinical outcomes.
Furthermore, linking medical education with clinical care quality could be used to justify
support of education research with clinical revenue. Finally, clinical performance measures
can be used for evaluation of programs and the impact of interventions within the context of
the clinical health care system.™

Since clinical performance measures can reflect both individual and team performance, it is
important to define each measure’s use. Often clinical performance measures are described at
four levels: individual, program, institutional, and national (see Figure 1).*>'At the individual
level, clinical performance measures may be used to describe the care attributable to an
individual resident. Examples may include both process and outcome measures, such as the
extent to which the resident is able to follow protocols or the accuracy of his or her diagnoses
compared to a supervisor. Considering individual residents, clinical performance measures
should provide meaningful performance data that facilitate insight into their own clinical
performance, guide continuing professional development, and enable development of
reflective and effective practitioners. If clearly defined, residents’ individual-level measures
could also be used to track their progress, for example, through personalized dashboards that
could be used-to facilitate formative feedback discussions between residents and their
supervisors.

Similarly, programs often representing residents’ aggregate performance can gain insight into
trends regarding graduates’ spending, prescribing patterns, or even complication rates. This
would not only allow residents to choose educational programs based on specific data, but
would also support programs as they track their trends and outcomes as a part of the public
accountability inherent in GME.**!" At higher levels of measurement, the cumulative impact
of several programs offered at teaching hospital(s) or institution(s) can be estimated using

clinical performance measures that are relevant to the local population(s). Such higher levels
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of impact would require clinical performance measures to be prioritized and selected for
appropriateness to the population.

Accordingly, clinical performance measures should ultimately provide evidence of validity
and reliability for their purpose and describe the most appropriate level of use.’® Ultimately,
to move the field of clinical performance measures in GME forward, a collaboration between
several stakeholders in different countries, consisting of educational evaluators, health
services researchers, economists, and clinical educators engaged in GME, is needed. An
important first step would, therefore, be to create a common taxonomy and framework of
clinical performance measures across a range of learning environments, patient.populations,
and practice settings. Once a common taxonomy is identified, the second challenge is its
measurement.

Introducing the Challenges in Measuring Clinical Performance Measures in GME
Most recently, the widespread use and availability of the EHR, as well as clinical registries
and administrative, billing, and insurance data hasfacilitated the interest in the potential of
clinical performance measures in GME.***"'* However, available clinical data are currently
not being used to their fullest potential.' Part of the problem of moving this understanding
forward is the challenge of defining and measuring clinical performance in GME using the
electronic and health registry data. In the following section, we explore solutions for solving
some of the common measurement challenges related to clinical performance measures.
Challenge 1: Defining clinical performance measures in GME

Clinical performance measures in GME need to be clinically relevant, educationally sensitive,
and tailored to the stage of the resident’s development on the educational continuum. To be
clinically relevant, performance measures need to be either related to or derived from
measures of health care processes that have an impact on prevention, morbidity or mortality,

patient (and patient-reported) outcomes, or patient experiences.” To be useful, they must also

7



demonstrate evidence of validity and reliability in the context in which they are applied, be
affordable to implement, and be comparable in multiple settings.* Some progress has already
been made in defining clinical performance measures specifically for GME.**?*%* As an
example of defining new measures, one of us has identified specific educationally sensitive
patient-related outcomes, including “patient activation,” “clinical microsystem activation,”
and “health literacy,” that were not previously defined.?*** However, more work needs to be
done to adapting existing clinical performance measures for use with residents given that they
are not always afforded the same opportunities as attending physicians.?® In'particular, one of
us has recommended using process measures and taking the prevalence and treatability of the
condition and its population effects into account.”®

Challenge 2: Measurement issues

As we move toward clearly defining and adapting clinical performance measures for their
appropriate level of use, there remainsignificant measurement barriers (see Table 1). This list,
however, is by no means exhaustive or mutually exclusive, as some challenges are applicable
at more than one level. The most important challenges include attribution/contribution as well
as aggregation and nesting. We address these measurement challenges in more detail below.
Attribution and contribution. Regardless of the approach one takes to clinical performance
measures, either defining new measures or adapting existing ones, the fact that patient care
and outcomes are multifactorial and complex makes using clinical data as a proxy for
residents’ clinical performance very challenging in practice. This challenge has been
approached in two ways. First, a portion of patient care and/or outcomes from care provided
by residents can be considered as attributable to a resident’s actions. This approach supposes
that one can specify which actual member(s) of the health care team performed the actions
that led to particular care quality and outcomes. Attributing care to residents is extremely

difficult. Some statistical approaches, such as variance component analysis, can quantitatively
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ascribe a portion of variance in patient care and/or outcomes attributable to differences
between residents as opposed other members of the team. However, while useful, such an
approach does not explain how specific residents’ behavior actually contributes to patient care
or outcomes. Furthermore, attribution, or the focus on an individual resident, may fail to
consider the various interactions that exist between residents and other members of a health
care team that produce care processes or outcomes.?’ Considerable progress has been made in
attributing quality measures to individual residents, which is promising.For example, one of
us has created a process for defining resident-sensitive quality measures in GME.** Beyond
GME, Kaplan and colleagues demonstrated the ability to identify individual physician effects
among diabetes process and intermediate outcome measures.*® Others have argued for
creating composite measures using standard psychometric techniques (e.g., item-response
theory and factor analysis) as a way to capture awider range of residents’ clinical activities.?>
31

The second approach—termed contribution—addresses these shortcomings by seeing
residents as contributing to care processes and outcomes. Contribution analysis builds a case
for the relative contribution residents make to quality care through their actions within a
system.*® For éxample, a contribution analysis might focus on describing the pathways
through which a resident capable of performing a defined competency (e.g., communication
skills)-contributes to proximal and distal clinical outcomes.* Contribution is also useful when
considering rare events, such as errors. Such events are typically multifactorial, with several
contributing individuals or factors.

Both the lens of attribution and that of contribution have their benefits and their drawbacks.
Contribution analysis builds a rigorous case for how residents contribute to quality care, but it

is a labor-intensive process. Considering attribution may not be as labor intensive because it



requires less effort to make a case for the link to a particular resident, but it fails to consider
the complexity of care and the value of collective competence.

While collective competence is ultimately what ensures high quality care,* viewing clinical
processes and outcomes from both contribution and attribution perspectives is one way to
account for such interdependence in clinical practice. Meaningful clinical performance
measures in GME, therefore, need to consider not only residents, but also their
interdependence with other health care professionals. Some of us have characterized the
interdependence that exists between individuals within a health care team as “coupling.””’ We
suggest that, given the nature of clinical supervision in GME, various “configurations of
coupling” exist that ought to be considered when using clinical performance measures with
graduate residents. Therefore, attempts to define-and develop clinical performance measures
in GME should include a variety of individual, coupled, and team-based clinical metrics that
are meaningful and relevant for GME and the performance level of interest.

Aggregation and nesting. Institutions tend to deseribe their program’s performance by
aggregating their residents’ performance. While simple aggregation may allow a single
program to track its performance over time, provided the context of the program does not
change, aggregation becomes more important when programs are compared to each other.
When comparing programs, it is imperative to estimate the minimum number of residents and
relevant case-mix variables needed for a reliable measurement. Secondly, residents’
individual performance is similarly based on a sample of the patients for whom they have
cared. In other words, patients are “nested” within residents (just as residents are “nested”
within clinical teaching departments or programs). Multilevel analysis techniques are,
therefore, the most appropriate when analyzing such nested data. The use of multilevel
analysis techniques may also allow the inclusion of case-mix variables at different levels,

such as patient variables, as well as resident and department characteristics (see Table 1).
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Challenge 3: Using EHR and clinical registry data to capture clinical performance

This section addresses challenges of sourcing data for clinical performance measures
specifically designed for the purpose of assessing residents. With electronic data collection
and reporting becoming ubiquitous, EHRs and/or various clinical registries are the most
common sources of clinical performance data."® We have chosen to focus here on the EHR
and/or clinical registries as sources of clinically relevant data since they contain a wealth of
already-collected clinical information that can be analyzed. Furthermore; focusing on the
EHR does not add an extra burden of data collection and reporting.

While using EHR or clinical registry data may provide access to a vast amount.of clinical
data, there are a number of issues regarding data access and storage that need to be considered
when doing so. Chief among these are issues pertaining to the privacy and confidentiality of
patient information, data ownership, and alignment of data storage and access with current
national and international laws and regulations.>* Differences in privacy laws and policies can
complicate the collection and exchange of data, thus hindering efforts for comparative
research and the creation.of a unified framework and taxonomy of clinical performance
measures. While individual institutions may only need to make sure they follow local privacy
laws, multi-institutional or international initiatives may experience greater obstructions due to
differences in privacy laws and even different types of EHR vendors. For longitudinal studies
involving large datasets from multiple data sources, a potential solution to overcoming
differences in privacy regulations is to apply an institutional review board data repository
approach to manage ethical considerations for collecting, pooling, and sharing data.*

Aside from accessing EHR or registry data, it can be particularly challenging to link such data
with existing educational datasets. Currently, large educational databases are being compiled
to amass, analyze, and compare longitudinal data from medical students and residents as well

as training programs across the medical educational continuum.** These databases are large
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repositories of educational (assessment) data on individual residents. If linked to clinical
performance data, they have an immense potential for answering many questions provided
appropriate “big data” analysis techniques are used and care is taken to minimize potential
sources of bias.}"193

Finally, even if the EHR or clinical registries can be harnessed to provide data about clinical
performance, these data do not constitute performance assessment, and assessment in turn
does not constitute meaningful feedback required for improvement.® If clinical performance
indicators become a goal in themselves, they can potentially devalue the focus on
improvement and other important, and sometimes unmeasured, aspects of patient care.*” In
order for clinical performance measures to lead to improvements in health care delivery and
patient outcomes, processes need to be in place that facilitate their implementation in a way
that supports meaningful feedback and continuous improvement activities on all levels. In the
following section we lay out the necessary steps to support further implementation of clinical
performance measures in practice.

Challenge 4: Bridging the silos of medical education and clinical quality improvement
The complexities involved in defining, measuring, and using clinical performance measures
in GME as well as lack of funding have flummoxed progress in this area.*®3® Overcoming the
challenges ta the widespread use of clinical performance measures in GME will require a
collaborative effort among medical education programs, health services researchers, residency
program leaders, quality improvement advisors, hospital administrators, data managers, and
legal/privacy officers, all committed to tackling these issues while sharing knowledge and
expertise with each other. We believe an international working group should be convened to
drive these collaborative efforts forward and develop standards around appropriate use of
clinical performance data. Perhaps most important to success in this area is that the efforts of

individuals working in this field must bridge the traditional “silos” that exist in academic
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medicine and clinical care. For instance, given that clinical performance data are
fundamentally important to both groups it would be important to establish the vision and
leadership to link medical education and clinical quality improvement.“’ Such efforts need to
be accompanied by financial arrangements that facilitate the process because current
financing structures in GME and health care delivery perpetuate the existing silos. Thus,
alternative or well-aligned sources of funding may be needed to encourage cooperation.
Defining the Path Forward

As previously mentioned, coordinated research efforts with input from many different
stakeholders are required to overcome the challenges we have described. Accordingly, we
have formed the International Collaborative on Clinical Outcome Research in GME,
specifically aimed at tackling these challenges. As a collaborative, we have defined the
following research agenda:

e Developing a common taxonemy of clinical performance measures for different
specialties as well as a framewaork for understanding how GME can affect care quality
and patient outcomes.

e Defining uniform measures for international, comparative research that supports the
reliability and validity of both new and existing clinical performance measures for use
across various learning environments and phases of training. This would facilitate
large-scale research and maximize the adaptability of the measures.

e Linking clinical performance measures with large-scale GME databases to establish
causal links between GME, quality care, and patient outcomes, potentially using
advanced methodologies and big data techniques. One way to explore the effects of
residency training on quality care and patient outcomes, including the ability to make
any causal inferences, is to study cohorts of residents as they go through their clinical

training, enter unsupervised practice, and continue their practice as young faculty.
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This would allow for measuring the effects of residency training on the individual
residents’ care quality as well as allow for analysis of other unintended effects of
training on patient outcomes.

e Applying both quantitative and qualitative methods to create a rich understanding of
how GME affects quality of care and patient outcomes.

As we develop robust clinical performance measures, the focus should remain on:

e Implementing real-time clinical performance measures that align with the work of
residents in settings where these data are already available, but notyet commonly
used.

¢ Identifying gaps in existing measures and developing new clinical performance
measures in GME.

e Evaluating what measures work, for whom, and under what circumstances.

¢ Defining the necessary investment, both in‘monetary and personnel support, to harness
and organize clinical performance measures from the EHR and clinical registries.

e Defining a long-term vision, or desired state, for how clinical performance measures
should be used in GME.

e Partnering with leaders in fields of patient safety and quality improvement to use
existing clinical data for clinical performance measurement in GME.

To Conclude

While clinical performance measures hold great potential, their use is hampered by challenges
of defining, measuring, and extracting these measures, as well as the silos of medical
education and clinical quality improvement. These challenges can only be overcome through
the coordinated collaborative efforts of broad-based stakeholders both nationally and
internationally committed to implementing and studying clinical performance measures in

GME.
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Figure Legends
Figure 1
Four levels of use for clinical performance measures in graduate medical education

Abbreviation: GME indicates graduate medical education.
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Table 1

Common Challenges and Potential Solutions in Using Clinical Performance Measures in GME

Assessment of
individual residents in
the workplace

Attribution/coupling
Transferability—performance in one domain
may not reflect performance in other domains
Lack of variation in the outcome, nesting of
patient data within residents

Residents nested within faculty supervisors
Patient case mix differences impeding
comparison between residents

Consensus group methods to develop resident-
sensitive quality measures®

Use educationally sensitive patient outcome
Mmeasures™*®

Use statistical approached to create composite
measures where differences between residents
explain a relatively large proportion of
variance?®41%

Ensure clinical performance measures are
adjusted for patient case mix®**

Apply classic psychometric analysis to establish
the validity and reliability of (composite)
measures fit for purpose®®*%4

Build models to measure interdependence®’

Evaluation of a training
program or a specific
program-wide
intervention

Aggregation of patient data across residents and
associated decrease In variance of the outcome
measure(s)

Attribution of (distant) clinical outcomes
Difference covariates become important on the
program level

Unintended consequences of program
evaluation

Incomplete data (e.g., multiple institutions)
Lack of consensus on outcomes due to
differences between specialties (surgical vs.
non-surgical, specialty-specific outcomes)
Data collection and curation given the transient
nature of residents in residency programs

22

Ensure validity and reliability at the level of
aggregation or utilize multilevel statistical
techniques**®

Calculate intra-class correlations to ensure
sufficient variance in outcome measures
Employ longitudinal study designs to study
outcomes delivered by residents after
graduation®*®4"*3 or use program-level
outcomes™

Contribution analysis®?

Harmonization of EHR across institutions
Ensure a standardized resident portfolio that
includes clinical performance measures across
training sites

Ensure minimum number of patients per site are
included for reliable evaluation of a program®



Impact of several .
programs within the

context of the clinical
healthcare system or o
local population

Aggregation of patient data across programs
and associated decrease in variance of the
outcome measure(s)

Different covariates become important on
institutional level

Differences between specialties (see above) and
hospitals (large vs. small, community vs.
academic, number of accredited training
programs)

Ensure validity and reliability at the level of
aggregation or utilize multilevel statistical
techniques

Calculate intra-class correlations to ensure
sufficient variance In outcome measures
Create a composite score based on pre-defined
clinical outcome measures from each specialty
or use standardized evaluations (patient-
experience questionnaires or 360-degree
evaluations) or use institutional-level
outcomes™

Ensure appropriate case mix correction
Consider statistical analyses for potential

unmeasured confounding and selection
bia812,50,51

Collective contribution .
of GME to the health of
whole communities °

Aggregation and storage of large amounts of
data

Data ownership

Dataset quality and‘.compatibility

Big data requiring new data‘management
techniques

Prioritization/selection of measures

Consensus on a national level on which
outcome measures must be achieved®?
National guidelines for data collection, storage
and use, data managers with expertise in big
data management and analysis**

Abbreviations: GME indicates graduate medical education; EHR, electronic health record.
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Figure 1

National

Collective
GME impact
on health of
whole communities
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