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Abstract

Preventive services required for performance measurement often are completed in outside health
systems and not captured in electronic medical records (EMRs). A before—after study was
conducted to examine the ability of clinical decision support (CDS) to improve performance on
preventive quality measures, capture clinician-reported services completed elsewhere, and patient/
medical exceptions and to describe their impact on quality measurement. CDS improved
performance on colorectal cancer screening, osteoporosis screening, and pneumococcal
vaccination measures (£ < .05) but not breast or cervical cancer screening. CDS captured
clinician-reported services completed elsewhere (2% to 10%) and patient/medical exceptions
(<3%). Compared to measures using only within-system data, including services completed
elsewhere in the numerator improved performance: pneumococcal vaccine (73% vs 82%); breast
(69% vs 75%), colorectal (58% vs 70%), and cervical cancer (53% vs 62%); and osteoporosis
(72% vs 75%) screening (P < .05). Visit-based CDS can capture clinician-reported preventive
services, and accounting for services completed elsewhere improves performance on quality
measures.
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Performance measurement is critical to assessing the quality of health care delivered by
clinicians, health plans, and accountable care organizations (ACOs) and incentivizing
improvements in clinical care.l In the past decade, reimbursement has become increasingly
linked to performance on quality measures. The Medicare Access and CHIP Reauthorization
Act of 2015 (MACRA) further strengthens the link between quality measurement and
reimbursement through its Quality Payment Program.2 As a result, clinicians, medical
groups, and ACOs face increasing financial gains (and losses) based on their performance on
quality metrics, and underperformance, by even a small amount, can have major financial
ramifications.

Given the high stakes of performance measurement, the availability of accurate data is
critical to measure calculations. Although administrative claims data and manual chart
abstraction are commonly used to calculate quality measures, the time, costs, delays, and
inaccuracies intrinsic in these approaches pose significant limitations.3-> Electronic quality
measures (eMeasures), which utilize clinical data captured and entered directly into an
electronic medical record (EMR), are becoming increasingly common.3 In addition to saving
time and costs, eMeasures more accurately identify the proper numerator and denominator
for metrics.6 However, suboptimal or nonexistent EMR standards, interoperability, and data
exchange pose significant challenges to eMeasure calculation. As a result, much of the data
needed for quality measures must be obtained from patients, outside health systems,
consulting clinicians, and laboratory interfaces.’

While we wait for significant and consistent advances in EMR standards, interoperability,
and data exchange for sharing of structured data for quality measurement, new EMR
functionalities are needed to support structured data capture and facilitate quality
measurement. EMR-driven clinical decision support (CDS) can improve performance on
quality measures’ by providing clinicians with timely, intelligently filtered, patient-specific
information to enhance health care delivery and outcomes.® However, the accuracy and
effectiveness of CDS is limited by the availability of structured data in the local EMR.910 |n
open health care systems, where patients often see providers in multiple health systems that
use different EMRs, data exchange is uncommon. This results in inaccurate eMeasure
calculations and limits the effectiveness of CDS to improve performance.> For example,
onetime preventive services (osteoporosis screening and pneumococcal vaccination) or
infrequent services (colonoscopy every 10 years) are likely to be completed elsewhere and
not available in structured data fields within the local EMR. Similarly, clinicians are often
aware of medical (limited life expectancy) or patient reasons (declining vaccination) for not
completing preventive services, but this information—if documented—resides in free-text
notes. As a result, performance on quality measures may be underestimated, and providers
may be penalized for practicing tailored, patient-centered, cost-conscious care.

To help address data gaps in the local EMR and improve performance on preventive service
quality measures, the research team designed EMR-enabled, visit-based, interactive CDS to
facilitate the recording of preventive services completed in outside health systems and
patient and medical exceptions to service completion. This study examines the effect of
visit-based CDS reminders on the performance of national preventive care measures using
National Quality Forum (NQF) measure specifications, and quantifies the incremental
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change in results seen when care delivered elsewhere and patient/medical exceptions are
included in measure calculations from 3 different measurement perspectives.

Design and Population

CDS Design

The research team conducted a before—after study to assess the effectiveness of point-of-
care, EMR-based CDS reminders for preventive health services and the incremental impact
of adding features to CDS to allow reporting of preventive services completed in outside
health systems and medical and patient exceptions to recommended services. Established
primary care patients eligible for 1 or more preventive services were included in the study.
An established patient was defined as having 2 or more office visits with the same primary
care clinician over 2 years with at least 1 visit in the past 12 months.

CDS reminders were implemented as part of routine clinical practice in 3 general internal
medicine clinics at an academic medical center in July 2011. Study clinics were National
Committee for Quality Assurance—accredited Level 3 patient-centered medical homes
(PCMHs) with more than 10 000 unique patients cared for by attending physicians. At the
time of implementation, clinics had more than 10 years of experience using the ambulatory
Epic EMR (Epic Systems Corporation, Verona, Wisconsin).

and Implementation

A multidisciplinary team of primary care clinicians, institutional quality officers, health
services researchers, and clinical informaticians implemented visit-based CDS in the Epic
EMR. CDS utilized age, sex, and result data in the EMR to identify patients eligible for
preventive services. /nternational Classification of Diseases, Ninth Revision (ICD-9) codes
were used to identify exclusions for each performance measure using NQF criteria.1l At
each office visit, CDS automatically identified patients who were not up-to-date on each
measure, provided a yellow, highlighted alert to clinicians with the date the measure was last
satisfied, and a direct link to appropriate orders and associated ICD-9 codes (Figure 1). CDS
was designed as a passive, noninterruptive alert integrated into provider workflow to
minimize interruptions and alert fatigue and promote real-time discussion and ordering of
preventive services during the visit.” CDS prompts included user-friendly exception
reporting buttons to electronically capture discrete, clinician-reported data on tests
completed elsewhere and patient and medical reasons the recommended action was not
appropriate. The CDS intervention was targeted toward attending physicians, who were
trained to use CDS through demonstrations at clinical practice meetings and brief, email-
delivered tutorials.

Performance Measure Selection and Measurement

The research team focused on 5 common NQF preventive health measures: breast,
colorectal, and cervical cancer screening; osteoporosis screening; and pneumococcal
vaccination (Table 1).11 The team selected these measures because they are well-established,
national primary care performance measures endorsed by the National Quality Forum and
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utilized by the Centers for Medicare & Medicaid Services and managed care plans to assess
ambulatory quality.

Baseline Performance

Outcomes

Baseline performance was calculated from electronic clinical data using NQF measure
specifications.1! Vaccination records, procedure reports, laboratory data, imaging data, and
billing codes were electronically abstracted from the EMR to determine the numerator,
denominator, and exclusions for each measure. Baseline performance was calculated as
follows: (NQF criteria/[NQF measure eligible - NQF specified exclusions]); this was termed
the “NQF approach.” Although specifications allow for data identified during manual chart
abstraction (both paper and electronic) to satisfy measure criteria, the research team did not
include manually abstracted data because the study institution utilizes a comprehensive
EMR and relies on electronic reporting.

The research team calculated the proportion of patients satisfying performance measures 12
months after CDS implementation using the NQF approach. To examine the potential impact
of care completed elsewhere and patient/medical exceptions to preventive services, the team
calculated 2 additional approaches to performance measurement using additional data
reported using CDS.

Informed-Clinician Approach to Performance Measurement

The “Informed-Clinician” approach was designed to reflect how clinicians use data in real-
world practice to decide if preventive services are indicated. This approach included
information known and reported by clinicians through CDS about tests done elsewhere. The
informed-clinician approach was defined as follows: ([NQF criteria + completed elsewhere]/
[measure eligible — NQF exclusions — patient exceptions — medical exceptions]). Care done
elsewhere was ascertained from patients during clinical encounters and recorded by
physicians using CDS. The research team did not require documentation of preventive
services from outside health systems.

Patient-Centered Approach to Performance Measurement

The “Patient-Centered” approach was designed to credit clinicians for engaging patients in
informed conversations about preventive care and customizing delivery of preventive
services based on the patient’s medical conditions, preferences, and previously completed
services. For example, colorectal cancer screening might not be indicated in a patient with
limited life expectancy. This medically appropriate decision is considered a “screening
failure” in the NQF approach. However, the Patient-Centered approach would count this as a
success in the numerator as follows: ([NQF criteria + completed elsewhere + patient reasons
+ medical reasons]/measure eligible — NQF exclusions).

Statistical Analysis

Descriptive statistics including frequency, mean, and cross-tabulations were used to describe
patient characteristics at baseline. A x 2 analysis with Bonferroni adjustment was used to
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compare performance on preventive health quality measures in the 12 months before (June
2010 to June 2011) and 12 months after (July 2011 to July 2012) CDS implementation.
Baseline performance was assessed using the NQF approach for all comparisons. In the
post-CDS implementation period, Xz analysis with a Bonferroni adjustment was used to
compare the proportion of patients satisfying performance measures with the NQF,
Informed-Clinician, and Patient-Centered measurement approaches. Statistical analyses
were conducted using SAS version 9.1 (SAS Institute, Inc., Cary, North Carolina). The
research team had full access to the data and take responsibility for its integrity. This study
was reviewed by the University of Texas Southwestern Medical Center Institutional Review
Board and Quality Office and considered exempt as a quality improvement project.

At baseline, 10 917 established patients were cared for by the 3 study clinics and 9780 were
eligible for at least 1 preventive service. Those eligible for preventive care completed 23 805
office visits during the 12-month study period. One or more CDS reminders were activated
in 59% of office visits for a total of 21 757 preventive service reminders. On average,
patients were 62 years old, 60% were female, and 62% were non-Hispanic white. Nearly all
patients were covered by commercial insurance (53%) or Medicare (44%).

Baseline Performance on Preventive Health Quality Measures

The number of eligible patients and baseline performance according to NQF measure
specifications are shown in Table 2. At baseline, local performance exceeded the national
average on only 2 of the 5 performance measures targeted by CDS.

Performance on Preventive Health Quality Measures 12 Months After CDS Implementation

The reminder component of CDS improved the percentage of patients completing colorectal
cancer screening, pneumococcal vaccination, and osteoporosis screening (£ < .001 for all)
using NQF specifications. However, reminders alone did not increase rates of breast cancer
screening or cervical cancer screening (Figure 2).

Frequency of Preventive Services Done Elsewhere and Patient and Medical Exceptions
Prompted by CDS

Using provider-reported data captured by CDS, the frequency of patients completing
preventive health services in outside health care settings ranged from 2% to 9% (Table 3).
Colorectal cancer screening was most frequently completed elsewhere followed by cervical
cancer screening, pneumococcal vaccination, and breast cancer screening. Clinicians rarely
recorded patient or medical reasons for not completing indicated preventive services. Only a
small percentage of patients eligible for cervical cancer screening, breast cancer screening,
colorectal cancer screening, and pneumonia vaccination had exceptions reported (Table 3).

Impact of Accounting for Care Done Elsewhere and Patient and Medical Exceptions to
Preventive Care on Performance Measurement

When preventive services completed in outside health systems were included in performance
calculations (Informed-Clinician approach), significant absolute improvements ranging from

Am J Med Qual. Author manuscript; available in PMC 2018 May 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bowen et al.

Page 6

5.6% to 16.4% were seen in all 5 measures (£ < .001 for all; Table 2; Figure 2).
Corresponding re/ative improvements in care ranged from 8.1% to 30.5% (P < .001 for all;
Table 2). Similarly, the Patient-Centered approach, which credits patient exceptions, medical
exceptions, and services completed elsewhere to the numerator, demonstrated significant
absolute and relative improvements in all 5 performance measures (P < .001 for all; Figure
2). However, the incremental gains of accounting for patient and medical exceptions in the
numerator were small compared with those resulting from including preventive services
completed in outside health systems (Table 2).

Cross-sectional comparison of the different approaches to performance measurement in the
post-implementation period demonstrated significant improvements in performance when
preventive services completed elsewhere were included in measures. The Informed-Clinician
approach yielded significantly better performance than the NQF approach on all measures
(breast cancer screening +5.6%, £ < 0.001; pneumococcal vaccination +8.1%, P< .001;
colorectal cancer screening +12.1%, P < .001; osteoporosis screening +3.6%, P=.014; and
cervical cancer screening +8.5%, £ < .001). Similarly, performance was better with the
Patient-Centered approach than the NQF approach for breast cancer screening,
pneumococcal vaccination, colorectal cancer screening, cervical cancer screening (P< .001
for all), and osteoporosis screening (£ =.003). However, there were no differences between
the Informed-Clinician approach and the Patient-Centered approach, largely because of the
very low rates of medical and patient exceptions reported (P = 1.0 for all; Figure 2).

Discussion

This study examined the impact of CDS reminders with customized features to capture
clinician-reported data on the quality of preventive care in 3 large academic primary care
practices. The study found that a passive, visit-based CDS reminder alone improved
performance on 3 of 5 preventive health quality measures using NQF criteria. CDS
customization can prompt clinicians to report information not available in the local EMR.
Including preventive services completed elsewhere that were reported through CDS
markedly improved performance on all 5 measures. Patient and medical exceptions to
preventive services were infrequent and including them in calculations did not significantly
change performance. Preventive health quality measures should account for services
completed in outside health systems to accurately measure performance and reflect real-
world practice.

Overall improvement with visit-based CDS reminders alone was modest with absolute
improvements ranging from 0% to 6.1% using NQF measure calculations. However, these
improvements were large enough for the study practice to go from meeting benchmarks on 2
measures at baseline (breast and colorectal cancer screening) to 3 measures (breast cancer
screening, colorectal cancer screening, and pneumococcal vaccination) after CDS
implementation. When preventive services completed elsewhere were included in metrics
(Informed-Clinician approach), the greatest improvements in performance were observed
and exceeded NQF benchmarks on 4 of the 5 measures examined with absolute
improvements ranging from 5.6% to 16.4%.
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In spite of substantial efforts to improve the quality of outpatient care, improvements have
been modest and care deficits persist.12 Previous studies examining visit-based CDS
reminders to improve preventive health care have shown mixed results.13-14 The present
study results using CDS reminders alone (NQF approach) are similar to those observed in
other studies using reminder-based interventions.1>16 The change in performance observed
in the present study when care delivered elsewhere and patient/medical exceptions were
included in measure calculations was greater than that observed in a similarly designed CDS
study.” However, baseline performance in the present study was lower, providing greater
opportunity for improvement.

Current performance measurement strategies do not consistently account for the
fragmentation of health care delivery and are not designed to include preventive services
completed elsewhere in measure calculations.® When patients receive care from multiple
providers in different health care systems with different EMRs,17 data needed to calculate
measures are frequently missing. As a result, performance is underestimated and open health
care systems appear systematically worse than closed systems. Given the onetime or
infrequent nature of many preventive health services, even all-payer, all-site claims data will
underestimate the true rate of preventive service delivery.1® As a consequence, the NQF
preventive measures may “miss” up to 10% of preventive care that is in reality up-to-date. In
community settings, the “miss” rate could be even greater than that observed in the present
study, which was conducted at an academic center with comprehensive preventive
screenings available and captured in the same EMR. In this study, performance on 2
measures (breast and cervical cancer screening) improved only after accounting for services
completed elsewhere. Although providers could obtain outside records, the logistical barriers
are overwhelming given that primary care providers coordinate care with up to 99 physicians
and 53 practices for every 100 Medicare beneficiaries.1® Thus, the current NQF
measurement approach may penalize providers for underperformance or incentivize them to
“choose unwisely” and reorder unnecessary screening tests or vaccinations to close
perceived quality gaps.

Although ACOs are designed to share potential savings resulting from improved quality of
care, mechanisms to promote data capture and sharing across institutions are limited and
may limit the actualization of shared savings.2921 Innovative, automated approaches to data
capture and exchange across diverse health care systems and EMRs are needed for more
accurate calculation of ambulatory quality.?2:23 The present study’s visit-based CDS
reminders were designed to help bridge this gap by engaging clinicians and patients in an
informed discussion about guideline-indicated services and capture exceptions.242° The
addition of user-friendly “done elsewhere” or “not done patient/medical reasons” exception
reporting buttons to CDS reminders is a promising, pragmatic approach to capturing key
data not readily available in the EMR from the clinicians who know the patient best.

From a policy perspective, as health information exchanges mature and data sharing across
EMRs becomes more feasible, quality measures should more closely approximate the
Informed-Clinician perspective that this study has shown yields superior performance. This
will become even more important in the new MACRA era where providers have much to
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gain and lose financially based on their performance on preventive service delivery
measures.

Although patient and medical exceptions to preventive health services are perceived to be
common in clinical practice, they were uncommon in this study and did not affect
performance significantly. Patient refusal rates in this study were lower than those reported
in other studies for pneumococcal vaccination?6:27 and colorectal cancer screening?8:2° and
may underestimate the true frequency. However, they approximate those reported in a
similarly designed CDS reminder study.”-3% Although the impact of these exceptions was
small, the research team believes that factoring patient preferences into quality assessments
is important from a shared decision-making perspective because it reflects the realities of
clinical practice and may bolster clinician engagement with CDS and quality improvement
initiatives.28:31.32

A few study strengths are worth noting. First, the passive EMR reminders utilized in this
study incorporated key features of successful CDS interventions.”14 Second, this study
included nearly 10 000 patients in 3 different practices within an open health care system
that utilizes the most commonly used commercial EMR. Third, the CDS harvested important
data from clinicians that are not readily available in the EMR or captured in standard quality
measures.

However, this study is not without limitations. First, the findings may have been influenced
by underlying secular trends. Second, the study was conducted in 3 academic, Level 3
PCMHs with well-established EMRs, which may limit generalizability. However, baseline
performance was similar to the national average on most measures. Third, preventive
services completed elsewhere and medical/patient exceptions were reported by patients and
documented by clinicians during routine clinical care but were not validated by chart review.
However, physician-reported exceptions to quality measures are appropriate more than 90%
of the time.309:33 |_ast, because the CDS was passive and noninterruptive, the research team
was unable to determine the frequency with which clinicians interacted with CDS to order
preventive services versus used the CDS as a “reminder” to order services outside of CDS
workflows.

Conclusions

Visit-based, EMR-enabled CDS can improve performance on preventive service quality
measures through several mechanisms. Beyond simple reminder functions, CDS that
prompts the recording (in structured fields) of care completed elsewhere and allows
inclusion of these data in performance measures can markedly improve performance.
Developing better systems to capture and track patient-specific receipt of preventive health
services delivered anywhere and over time will be critical to optimizing performance
measurement and reducing unnecessary duplication of care. Improvements in EMR
interoperability and/or the emergence of functional health information exchanges would be
positive developments toward these goals.
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¥ Your patient has been identified as due for colorectal cancer screening.
(COLONOSCOPY last satisfied: Not on file)

Acknowledge reason
Not Done-Medical Reason | Not Done-Patient Reason | Completed Elsewhere

[~ Add HM Modifier: Colon Ca Screen-Sigmoidoscopy
[~ Add HM Modifier: Colon Ca Screen-FOBT/FIT
[~ Open SmartSet BPA COLON CANCER SCREENING ORDERS SMARTSET preview
(Last done by MICHAEL E BOWEN, MD, MD on 4/23/2013 at 3:51 PM)
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% Health Maintenance for review
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Figure 1.
Visit-based, clinical decision support reminder.
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Figure 2.
Absolute performance on preventive health quality measures using different approaches to

measure calculation. CDS, clinical decision support; NQF, National Quality Forum.
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Frequency of Preventive Health Services Completed Elsewhere and Patient/Medical Reasons for Not

Table 3

Completing Recommended Services.

Measure Eligible, n  Completed Elsewhere, n (%) Patient or Medical Exception, n (%)
Breast cancer screening 3699 155 (4.2) 70 (1.9)
Colorectal cancer screening 6441 605 (9.4) 45 (0.7)
Cervical cancer screening 3445 241 (7.0) 83(2.4)
Osteoporosis screening 2868 57 (2.0) 49 (1.7)
Pneumococcal vaccination 4876 332 (6.8) 78 (1.6)
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