EDM Forum

EDM Forum Community
eGEMs (Generating Evidence & Methods to
improve patient outcomes)

Publish

10-23-2014

Evaluating the Reliability of EHR-Generated
Clinical Outcomes Reports: A Case Study
Chatrian Kanger
Louisiana Public Health Institute, chatrianreynolds@aol.com

Lisanne Brown
Louisiana Public Health Institute, lisannefbrown@hotmail.com

Snigdha Mukherjee
Louisiana Public Health Institute, smukherjee@lphi.org

Haichang Xin
Louisiana Public Health Institute, hxin@uab.edu
See next pages for additional authors

Follow this and additional works at: http://repository.edm-forum.org/egems
Part of the Health Information Technology Commons, and the Health Services Research
Commons
Recommended Citation
Kanger, Chatrian; Brown, Lisanne; Mukherjee, Snigdha; Xin, Haichang; Diana, Mark; and Khurshid, Anjum (2014) "Evaluating the
Reliability of EHR-Generated Clinical Outcomes Reports: A Case Study," eGEMs (Generating Evidence & Methods to improve patient
outcomes): Vol. 2: Iss. 3, Article 13.
DOI: http://dx.doi.org/10.13063/2327-9214.1102
Available at: http://repository.edm-forum.org/egems/vol2/iss3/13

This Informatics Case Study is brought to you for free and open access by the the Publish at EDM Forum Community. It has been peer-reviewed and
accepted for publication in eGEMs (Generating Evidence & Methods to improve patient outcomes).
The Electronic Data Methods (EDM) Forum is supported by the Agency for Healthcare Research and Quality (AHRQ), Grant 1U18HS022789-01.
eGEMs publications do not reflect the official views of AHRQ or the United States Department of Health and Human Services.

Evaluating the Reliability of EHR-Generated Clinical Outcomes Reports:
A Case Study
Abstract

Introduction: Quality incentive programs, such as Meaningful Use, operate under the assumption that
clinical quality measures can be reliably extracted from EHRs. Safety Net providers, particularly Federally
Qualified Health Centers and Look-Alikes, tend to be high adopters of EHRs; however, recent reports have
shown that only about 9% of FQHCs and Look-Alikes were demonstrating meaningful use as of 2013. Our
experience working with the Crescent City Beacon Community (CCBC) found that many health centers
relied on chart audits to report quality measures as opposed to electronically generating reports directly from
their EHRs due to distrust in the data. This paper describes a step-by-step process for improving the reliability
of data extracted from EHRs to increase reliability of quality measure reports, to support quality
improvement, and to achieve alignment with national clinical quality reporting requirements.
Background: Lack of standardization in data capture and reporting within EHRs drives distrust in EHRreported data. Practices or communities attempting to achieve standardization may look to CCBC’s
experience for guidance on where to start and the level of resources required in order to execute a data
standardization project. During the time of this data standardization project, CCBC was launching an HIE.
Lack of trust in EHR data was a driver for distrust in the HIE data.
Methods: We present a case study where a five-step process was used to harmonize measures, reduce data
errors, and increase trust in EHR clinical outcomes reports among a community of Safety Net providers using
a common EHR. Primary outcomes were the incidence of reporting errors and the potential effect of error
types on quality measure percentages. The activities and level of resources required to achieve these results
were also documented by the CCBC program.
Findings: Implementation of a community-wide data reporting project resulted in measure harmonization,
reduced reporting burden, and error reduction in EHR-generated clinical outcomes reporting across
participating clinics over a nine-month period. Increased accuracy of clinical outcomes reports provided
physicians and clinical care teams with better information to guide their decision-making around quality
improvement planning.
Discussion: A number of challenges exist to achieving reliable population level quality reporting from EHRs
at the practice, vendor, and community levels. Our experience demonstrates that quality measure reporting
from EHRs is not a straightforward process, and it requires time and close collaboration between clinics and
vendors to improve reliability of reports. Our experience found that practices valued the opportunity and
step-wise process to validate their data locally (out of their EHRs) prior to reporting out of the HIE.
Conclusion and Next Steps: Communities can achieve higher levels of confidence in quality measure
reporting at the population level by establishing collaborative user groups that work with EHR vendors as
partners and use technical assistance to build relationships and trust in EHR-generated reports. While this
paper describes the first phase of our work around improving standardization and reliability of EHR reports,
vendors should continue to explore modifications for improving data capture (at the front-end) via
standardized data entry templates.
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Abstract
Introduction: Quality incentive programs, such as Meaningful Use, operate under the assumption that clinical quality measures
can be reliably extracted from EHRs. Safety Net providers, particularly Federally Qualified Health Centers and Look-Alikes,
tend to be high adopters of EHRs; however, recent reports have shown that only about 9% of FQHCs and Look-Alikes were
demonstrating meaningful use as of 2013. Our experience working with the Crescent City Beacon Community (CCBC) found that
many health centers relied on chart audits to report quality measures as opposed to electronically generating reports directly from
their EHRs due to distrust in the data. This paper describes a step-by-step process for improving the reliability of data extracted
from EHRs to increase reliability of quality measure reports, to support quality improvement, and to achieve alignment with national
clinical quality reporting requirements.
Background: Lack of standardization in data capture and reporting within EHRs drives distrust in EHR-reported data. Practices
or communities attempting to achieve standardization may look to CCBC’s experience for guidance on where to start and the level
of resources required in order to execute a data standardization project. During the time of this data standardization project, CCBC
was launching an HIE. Lack of trust in EHR data was a driver for distrust in the HIE data.
Methods: We present a case study where a five-step process was used to harmonize measures, reduce data errors, and increase
trust in EHR clinical outcomes reports among a community of Safety Net providers using a common EHR. Primary outcomes were
the incidence of reporting errors and the potential effect of error types on quality measure percentages. The activities and level of
resources required to achieve these results were also documented by the CCBC program.
Findings: Implementation of a community-wide data reporting project resulted in measure harmonization, reduced reporting
burden, and error reduction in EHR-generated clinical outcomes reporting across participating clinics over a nine-month period.
Increased accuracy of clinical outcomes reports provided physicians and clinical care teams with better information to guide their
decision-making around quality improvement planning.
Discussion: A number of challenges exist to achieving reliable population level quality reporting from EHRs at the practice,
vendor, and community levels. Our experience demonstrates that quality measure reporting from EHRs is not a straightforward
process, and it requires time and close collaboration between clinics and vendors to improve reliability of reports. Our experience
found that practices valued the opportunity and step-wise process to validate their data locally (out of their EHRs) prior to reporting
out of the HIE.
Conclusion and Next Steps: Communities can achieve higher levels of confidence in quality measure reporting at the
population level by establishing collaborative user groups that work with EHR vendors as partners and use technical assistance
to build relationships and trust in EHR-generated reports. While this paper describes the first phase of our work around improving
standardization and reliability of EHR reports, vendors should continue to explore modifications for improving data capture (at the
front-end) via standardized data entry templates.

Introduction
There has been an unprecedented effort to promote the adoption
and meaningful use of electronic health records (EHRs) over the
last five years. The Health Information Technology for Economic
and Clinical Health (HITECH) Act, followed by passage of the

Affordable Care Act, incentivized physicians and hospitals to adopt
and meaningfully use EHRs, mostly through payments to be made
by the Centers for Medicare and Medicaid Services (CMS).1 As of
June 2014, CMS reported more than 24 billion dollars in incentive
payments to providers.2
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Meaningful use (MU), as defined by CMS, is a set of highly specific requirements that providers and hospitals must demonstrate
through the use of certified EHRs in order to receive incentive
payments. The requirements are split into three stages: Stage
1 focuses primarily on standardizing data capture to facilitate
exchange of health information, Stage 2 focuses on advancing
clinical processes through health information exchange (HIE),
and Stage 3 focuses on using comprehensive data available via
HIE to improve patient outcomes.3 Each stage is dependent upon
the provider’s or hospital’s ability to capture and report standard
national clinical quality metrics (eCQMs) using an EHR.
Increasingly, provider reimbursements are being tied to performance such as achieving benchmarked satisfactory levels of quality and requiring reporting of national quality metrics. Further,
HITECH and the Affordable Care Act have spurred additional
programs, such as Accountable Care Organizations and other
payment reform and population health benchmarking initiatives,
which are all driving market demand for vendors to standardize
data capture and reporting of eCQMs from EHR products. These
approaches to reimbursement, based upon performance and
measurement, assume that quality metrics can be extracted accurately and reliably from EHRs. While EHR certification programs
require that vendors demonstrate capabilities to generate quality
measures electronically through their systems, they only address
to limited degree accuracy in measure logic, reliability, and ease
of measures reporting. In fact, several recent studies have cautioned against the validity and reliability of electronically reported
clinical quality measures due to inadequate translation of measure
logic into EHR reporting systems, completeness and variability in
data capture, and accuracy of reports.4,5 Simply having a certified
EHR, which is required to meet all stages of the MU requirements, does not guarantee that quality metrics can be reliably
extracted.4-7
Safety net providers tend to be high adopters of EHRs largely
due to the availability of support and resources through Health
Resources & Services Administration (HRSA) and Regional
Extension Centers. One recent study found that 80 percent of
federally funded health centers were using EHRs.8 But despite
their support and participation with Regional Extension Centers,
the Office of the National Coordinator (ONC) for Health Information Technology (HIT) reports only 9 percent of Federally
Qualified Health Centers (FQHCs) and look-alikes were demonstrating MU as of 2013.2 Our experience working with community clinics in a safety net setting in Louisiana found that our health
centers’ greatest barrier to meeting MU objectives was “meeting
performance thresholds for clinical quality measures” due to
inadequate data capture within the EHR and lack of proficiency
in data extraction and reporting from their EHRs.9 As a result,
practices often relied upon chart audits as their primary method
for generating quality measures for reporting as opposed to electronic reporting from their EHRs because they did not trust their
EHR-generated reports. These factors led us to question the assumption that quality metrics can be easily and reliably extracted
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from EHR systems. Moreover, we determined that if physicians
did not trust the data reported in their EHRs, they would not
trust data reported out of an HIE.
The goal of this paper is to describe the implementation of a data
standardization process developed by the Crescent City Beacon
Community (CCBC) for improving measure harmonization, data
quality and trustworthiness, and reliability of data extracted from
community clinic EHRs to increase the reliability of data reports,
to support quality improvement (QI), and to achieve alignment
with national clinical quality reporting requirements. A secondary
objective is to describe the activities and level of resources needed
in order to execute this type of effort based upon the CCBC experience.

Background
New Orleans is one of 17 communities awarded a Beacon Community grant from the ONC for HIT. The Louisiana Public Health
Institute (LPHI) convened the CCBC in Orleans and Jefferson
parishes in partnership with community clinics and hospitals,
and led the evaluation of the program. LPHI’s evaluation role was
to collect, aggregate, and report on clinical quality and outcome
measures to demonstrate improved quality of care and population
health through adoption of HIT.
A primary focus of the CCBC was to increase participating
community health centers’ capabilities to join the Greater New
Orleans Health Information Exchange (GNOHIE). Improving the
quality of the data feeding into the GNOHIE from the local health
centers’ EHRs was a critical step. Eligible practices included the 17
community health centers receiving EHR-related technical assistance through CCBC, which comprised the majority of the safety
net population in New Orleans and represented 100 percent of
the total population contained in the GNOHIE at that time. Area
hospitals were not directly engaged in CCBC’s technical assistance
program and are not included in this project. Table 1 presents
characteristics of the clinics involved in the project.

Methods
Over a nine-month period, CCBC implemented a five-step data
standardization process in 13 clinics that were using the same
EHR system, SuccessEHS, with the intent to modify the process
for clinics on other EHR systems. A schematic of our process is
shown in Figure 1.

Step 1: Measure Selection and Review
Prior to participating in the CCBC program, clinics used a variety of measures for monitoring quality of care for patients. The
measures were based upon the HRSA Disparities Collaborative
reports for diabetes, clinic-defined cardiovascular disease (CVD)
measures, or canned reports generated by their EHR system; but
data managers and clinicians were often unsure of the measure
specifications. In March 2011, the CCBC evaluation team at LPHI
worked with a broad stakeholder group, including representatives
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Table 1. Practice Characteristics at Start of CCBC
Data Standardization Process: March 2011
Frequency
(N = 17)

Practice Characteristics
Practice Type
-LKLYHSS`8\HSPÄLK/LHS[O*LU[LY-8/*VY3VVR(SPRL
(JHKLTPJ0UZ[P[\[PVU(MÄSPH[LK
:WLJPHS7VW\SH[PVULN/0=(0+:
7YP]H[L5VUWYVÄ[

13
2
1
1

from each clinic, to reach consensus on a common set of communitywide measures based on nationally standardized measures
endorsed by groups such as the National Committee for Quality
Assurance (NCQA)’s Diabetes and Heart/Stroke Recognition
programs,10 the National Quality Forum (NQF), and CMS. Over
a three-month period, the community arrived at a consensus on
clinical quality and outcome metrics for diabetes mellitus (DM)
and CVD (see Tables 2a and 2b).

Practice SizeU\TILYVMWO`ZPJPHUZHUKU\YZLWYHJ[P[PVULYZ
1–2
3–10
11–20

Step 2: Assess Data Reporting Capabilities and Needs

5
10
2

In May 2011, the CCBC conducted a pilot study to assess the
feasibility of implementing the community’s agreed-upon chronic-care management interventions. A key focus of this study was
to determine practices’ capacity to report on CCBC’s clinical quality and outcome metrics. Interviews were conducted over a twoweek period with representatives, such as a data or HIT manager,
or a QI manager for each practice, to accomplish the following: to
identify the appropriate individual responsible for data reporting,
to build an ongoing trusted relationship, to introduce the CCBC
clinical quality and outcomes measures, to gauge proficiency with
the EHR reporting modules, and to identify challenges to reporting these measures.

EHR Types
13
12*
1
3
1
1
1*
1

SuccessEHS
 \ZPUN7YHJ[PJL4HUHNLTLU[,/9
 \ZPUN7YHJ[PJL4HUHNLTLU[VUS`
Allscripts
 \ZPUN7YHJ[PJL4HUHNLTLU[,/9
 \ZPUN7YHJ[PJL4HUHNLTLU[VUS`
Aprima
5V,/9Z`Z[LT
Length of Time Using EHR
< 1 year
¶`LHYZ
¶`LHYZ
`LHYZ
,/9UV[PTWSLTLU[LK`L[

2
1
7
4
3

Note: *The CCBC data standardization process focused on the 12 SuccessEHS EHR users and
the 1 Aprima site, which was included because Aprima uses Crystal Reports-based software,
which is similar to SuccessEHS’s Business Objects reporting software.

Step 3: Tailor Approach Based Upon Findings
Once data reporting needs were identified, the CCBC implemented the following approach to harmonize measures and data
reporting for eCQMs.

Figure 1. CCBC Data Standardization Process
Engage stakeholders
on measure selection
& review
Provide rapid feedback /
performance monitoring

Measure harmonization
Measure alignment

Assess data reporting
capabilities & needs

Improved data quality & standardization
Conduct Quality Checks:

Trust in data

・Measure calculations
・Audit charts

Tailor approach based upon findings:
・ID appropriate Data Managers
・Phase-in measures
・Develop report templates & measure
reference sheets
・Deliver trainings & workshops
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Table 2a. CCBC Diabetes Mellitus (DM) Measures11
DM measures listed below adhere to the following parameters: patients ages 18 to 75 with diabetes (type 1 or type 2) and having had at
least two face-to-face visits during the 12-month measurement period.
Measure

Measure Description

NQMC ID

NCQA Benchmark

/I(J;LZ[PUN

^OVYLJLP]LKH[SLHZ[VUL/I(J[LZ[

007087

>85%

/I(J7VVY*VU[YVS% 

^OVZLTVZ[YLJLU[/I(J^HZNYLH[LY[OHU  

007088

<15%

/I(J*VU[YVS#

^OVZLTVZ[YLJLU[/I(J^HZ#



>65%

/I(J*VU[YVS#

^OVZLTVZ[YLJLU[/I(J^HZ#

 

>40%

)7# 

^OVZLTVZ[YLJLU[ISVVKWYLZZ\YLYLHKPUN^HZ TT/N

 

>65%

)7#

^OVZLTVZ[YLJLU[ISVVKWYLZZ\YLYLHKPUN^HZTT/N

 

>25%

3+3*[LZ[PUN

^OVYLJLP]LKOHKHU3+3*ZJYLLUPUNWLYMVYTLK

 

>85%

3+3*#

^OVZLTVZ[YLJLU[3+3*]HS\L^HZ#TNK3

 

>50%

5LWOYVWH[O`

^OVYLJLP]LKULWOYVWH[O`ZJYLLUPUN[LZ[VYKVJ\TLU[LKL]PKLUJLVMULWOYVWH[O`

 

>85%

-VV[,_HT

^OVYLJLP]LKMVV[L_HT

001603

>60%

,`L,_HT

^OVYLJLP]LKKPSH[LKYL[PUHSL`LL_HT

 

>80%

Table 2b. CCBC Cardiovascular Disease (CVD) Measures11
CVD measures listed below adhere to the following parameters: patients ages 18 and older with CVD and having at least one face-to-face
visit during the 12-month measurement period.
Measure

Measure Description

PQRI ID

NCQA Benchmark

/;5)7# 

VMWH[PLU[Z^P[O/`WLY[LUZPVU^OVZLTVZ[YLJLU[)7# 

7890

>75%

0=+)7# 

VMWH[PLU[Z^P[O0ZJOLTPJ=HZJ\SHY+PZLHZL^OVZLTVZ[YLJLU[)7# 

7890

>75%

0=+3PWPK7YVÄSL

VMWH[PLU[Z^P[O0ZJOLTPJ=HZJ\SHY+PZLHZL^P[O3PWPK7YVÄSL

7890

>85%

7890

>80%

7890 

5V[HWWSPJHISL

0=+(ZWPYPU
0=+3PWPK;OLYHW`

VMWH[PLU[Z^P[O0ZJOLTPJ=HZJ\SHY+PZLHZL^P[OKVJ\TLU[H[PVUVMHZWPYPUVYV[OLY
HU[P[OYVTIV[PJ
VMWH[PLU[Z^P[O*VYVUHY`(Y[LY`+PZLHZL^OV^LYLWYLZJYPILKSPWPKSV^LYPUN[OLYHW`

Identification of data coordinators at each practice. Identifying
the data coordinator (DC) or most appropriate individual for
data reporting at each clinic site was essential for establishing
direct communication and to avoid a “trickle down” of reporting
instructions and measure specifications.
Phase in of measures. CCBC phased in eCQM reporting—DM
first, followed by CVD—based upon recommendations from the
DCs, given that DCs and health centers were more familiar with
the DM measures and felt these would be easier to report on,
whereas CVD measures were perceived to be more complex to
capture within the EHRs.
Measure reference sheets. The CCBC team developed a reporting
manual for DCs that contained measure reference sheets outlining
the measure definitions, measure sources, technical specifications
(e.g., International Classification of Diseases (ICD) and Current
Procedural Terminology (CPT) codes), inclusion and exclusion
criteria, and numerator and denominator calculations. The manual also included FAQs, tips, and quick reference guides containing
the corresponding NCQA benchmark for comparison.
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Standardized reporting templates in the EHR. The CCBC
collaborated with the EHR vendor over a three-month period
(May to August 2011) to build standardized reporting templates
for our eCQMs using the measure reference sheets. The standard
templates allowed DCs to generate clinical quality and outcomes
metrics by inputting desired reporting start and end dates, with
minimal customization required.
Training workshops. CCBC conducted quarterly data workshops
(March, May, August, and November 2011) to facilitate peerto-peer learning, to share tips, and—at times—to participate in
learning sessions with the vendor’s report expert to demonstrate
report-queries generation (e.g., “where the data is being pulled
from within the EHR”), modification and validation of practice
reports, and verification of codes used in queries.

Step 4: Conduct Quality Checks
The CCBC conducted quality checks using measurement validation and chart audits. At the time of this data standardization
intervention, data sharing agreements were not in effect among
the CCBC partners, therefore patient-encounter level data were
not available to the CCBC team for direct measure calculations.
Reports containing values for numerators, denominators, and
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percentages for each DM measure by site were submitted to
the CCBC team on a quarterly basis from March 2011 through
December 2011, totaling four data-reporting periods: March,
June, September, and December. During the first two quarters the
clinics received technical assistance through data workshops and
measure reference sheets.

the DCs were often unsure of the specifications of each measure
and the ramifications of modifying or customizing the measure
settings within their EHRs. The CCBC’s thorough examination
of measures with a broad stakeholder group resulted in all of the
CCBC practices adopting the same set of standardized measures
for DM and CVD care (see Tables 2a and 2b).

September 2011 marked the deployment of vendor-developed,
standardized-reporting templates augmented with the data workshops and instructional materials. The last two quarters are the
focus of this study where we were able to examine the impact of
vendor engagement; 13 clinics reported on 11 DM measures. To
assess whether the sites were following the specifications for each
measure, the CCBC team independently calculated the measures.
The data set included 156 observations (12 factors x 13 clinics),
for each period. Clinics could also self-report data-reporting
challenges and issues that were incorporated into the data set.
A data error was assigned if (1) data reported did not adhere to
national measure technical specifications or parameters (i.e., a
misspecification of eligible patient population or miscalculation of
numerators), or (2) no data was able to be reported for a measure
(e.g., due to not having a report or query built to extract the measure values). Data errors were further classified according to error
types. A data error proportion was created for each period by
summing the total number of actual errors compared to the total
the number of possible errors. The difference between the data
error proportions for the last two quarters was examined using
two-sample t-tests.

Reduced Reporting Burden

Step 5: Provide Rapid Performance Feedback
Members of the CCBC team were available in the weeks leading
up to and immediately following each data submission to troubleshoot and provide rapid feedback regarding data errors to both
practices and to the vendor. Health centers were also provided
with trend graphs and bar charts each quarter to monitor their
performance on each eCQM over time.

Prior to the CCBC data standardization process, 8 of the 13 (62
percent) CCBC practices were generating clinical quality measures (CQMs) via chart audit or a combination of electronic
reporting with manual chart audit. DCs reported that the time it
took them to generate measures for quarterly reporting ranged
from “a couple of days” to “an entire week” (depending upon the
number of sites for which they were responsible). After deployment of standardized electronic reporting templates via CCBC,
100 percent of practices were generating CQMs via electronic
reports. DCs reported that the time it took them to generate their
reports directly from their EHRs decreased to “a few hours” to
“one day” per quarter (again, depending upon the number of sites
for which they were responsible).

Reduced Data Errors
As shown in Figure 2, a significant reduction in the proportion of
data errors reported was found between September and December 2011, from 33.8 percent to 13.5 percent once the vendor-developed, standardized-reporting template was implemented. This
decrease in data errors resulted in a concurrent increase in data
reporting reliability and consistency with national clinical quality
and outcomes measures. Overall reporting improvements were
found to be present across all 13 CCBC clinics, and data errors
decreased by more than 50 percent in 11 of 13 practices between
March and December 2011, a result of overall participation in the
CCBC data standardization process.
Figure 2. Mean Data Error Proportions for Diabetes
Mellitus Measures among CCBC Clinics over Time

Findings

50
Error Proportion

CCBC implemented a five-step data standardization process with
the intent to improve the reliability of data extracted from EHRs to
support QI by harmonizing measures across participating community clinics, by bringing clinics into alignment with national eCQM
requirements, and to increase trust in EHR-generated eCQM reports. In addition to achieving these goals, CCBC reduced reporting burden among participating clinics; and identified common
data error types, their effects on apparent measure performance,
and the resources necessary for a community to implement a data
standardization process similar to that of the CCBCs. Given that
CCBC measures were phased in over time, only findings from the
DM measures have been reported in this paper.

40
30

40.1
33.8

33.5

20
10

13.5*

0
Mar

Jun
Sep
Reporting Period
(*p<.05)

Dec

Measure Harmonization

Common Error Types and Effects on Diabetes Measure
Percentages

We found that prior to implementation of the CCBC data standardization process, practices were following similar measures for
monitoring their quality of care for DM and CVD patients, but

Review of the quarterly reports revealed common error types and
measure miscalculations that resulted in CCBC clinics resubmitting their quarterly data to reflect improved data reporting over
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time. Tables 3 and 4 highlight the common error types found in
the DM measure reports and the effects that each particular error
type had on the measure percentage level.
We examined the extent to which two of the most common data
error types affected apparent measure performance for “HbA1c
control (<8.0)” and “HbA1c poor control.” Percentage differences
for measures reported before and after data error identification
were calculated and compared as shown in Table 4. An error in
denominator calculation for HbA1c control (<8.0) accounted for
an average difference of 7.4 percent ± 5.6 percent (SD) in before
and after measure percentages. In calculating HbA1c poor control, for 9 of 11 clinics we found both numerator and denominator
miscalculations, resulting in an average difference of 9.7 percent ±
6.8 percent (SD) in before and after measure percentages.

In addition, because the measure calculation for HbA1c poor
control included patients who did not receive HbA1c testing, the
relationship between the testing rate for HbA1c and the percentage change in HbA1c poor control was tested. The results
indicated that higher testing rates for HbA1c resulted in a lower
percentage change (smaller effect) in HbA1c poor control levels.
Conversely, lower testing rates for HbA1c resulted in a greater
percentage change (more effect) on HbA1c poor control levels (p
< 0.01 for both results).

Resources Required
Table 5 provides insight into the amount of resources that CCBC
expended over a 12-month period in order to operationalize
this data reporting project. While significant time and resources
were expended in the first year in order to reach communitywide

;HISL;`WVSVN`VM*VTTVU,YYVYZHUK0[Z,ɈLJ[ZVU+PHIL[LZ4LHZ\YL7LYJLU[HNLZ
Error Type
0UJVYYLJ[]PZP[JV\U[
WHYHTL[LYZ

,ɈLJ[VU4LHZ\YL
%
3V^LY]PZP[JV\U[$
SV^LY
/PNOLY]PZP[JV\U[$
OPNOLY

Explanation
5H[PVUHSTLHZ\YLZWLJPÄJH[PVUZYLX\PYLHWH[PLU[^P[OHKPHNUVZPZVM+4[VOH]LOHKH[SLHZ[[^V
]PZP[ZK\YPUN[OLTLHZ\YLTLU[WLYPVK0U[OPZZ[\K`P[^HZJVTTVUMVYWYHJ[PJLZ[V\ZLHOPNOLY
]PZP[JV\U[^OPJOYLZ\S[LKPUTPZSLHKPUNTLHZ\YLWLYJLU[HNLSL]LSZ3PRL^PZLYLZ[YPJ[PUNTLHZ\YL
WHYHTL[LYZ[VWH[PLU[Z^OVOHKVUS`VUL]PZP[^V\SKSPRLS`KLJYLHZLTLHZ\YLWLYJLU[HNLSL]LSZ

<ZLVMUVUZ[HUKHYKPaLK
VYOPNOS`J\Z[VTPaLK6YKLY
*7;JVKLZ

3V^LY

5H[PVUHSTLHZ\YLZWLJPÄJH[PVUZMVSSV^PUNZ[HUKHYKJVKPUNZ\JOHZ0*+ HUK*7;MVYT[OLIHZPZ
MVYPUJS\ZPVUHUKL_JS\ZPVUJYP[LYPVUPU[OL,/90U[OPZZ[\K`P[^HZJVTTVU[OH[WYHJ[PJLZOHK
JYLH[LKJ\Z[VTPaLKJVKLZ^P[OV\[PUMVYTPUN[OL+*Z[VTVKPM`YLWVY[X\LYPLZYLZ\S[PUNPUSV^LY
TLHZ\YLWLYJLU[HNLSL]LSZ

5VUZ[Y\J[\YLKSHI
KH[HÄLSKZ

3V^LY

:VTLZ`Z[LTZKLMH\S[[VUVUZ[Y\J[\YLKSHIKH[HÄLSKZPMUV[ZL[\WWYVWLYS`K\YPUNSHIPU[LYMHJL
KL]LSVWTLU[PU[VHU,/9;OPZ^HZMV\UK[VILHJVTTVUTPZ[HRLYLZ\S[PUNPU\UL_[YHJ[HISLSHI
]HS\LZ[OH[MVYT[OLU\TLYH[VYJYP[LYPHMVYTHU`VM[OL+4TLHZ\YLZ

7YHJ[PJLTHUHNLTLU[
JVUÄN\YH[PVUZMVY\UPUZ\YLK
VYUVUIPSSHISL]PZP[Z

3V^LY

0U[OL,/9Z`Z[LT[OH[^HZJVTTVU[VTVZ[VM[OL**)*WYHJ[PJLZHU`YLWVY[[OH[^HZ[PLK[VH
¸SVJH[PVU¹PU[OLKH[HX\LY`OHK[VILHZZVJPH[LK^P[OHÄUHUJPHSNYV\W:PUJLZVTLVM[OL**)*
WYHJ[PJLZWYV]PKLZLY]PJLZ[V\UPUZ\YLKWH[PLU[Z^OVZL]PZP[ZHYLUV[HZZVJPH[LK^P[OHÄUHUJPHS
NYV\W[OVZLZP[LZL_WLYPLUJLKHSV^LYWLYJLU[HNLSL]LSPU[OLPY+4TLHZ\YLZ(UV[OLYJVTTVU
JOHSSLUNL^HZMV\UK[VIL[OH[IPSSPUNZ[HMMKPKUV[PUMVYT+*Z^OLUJOHUNLZ^LYLTHKL[VÄUHU
JPHSNYV\WZ·UV[YLHSPaPUN[OLPYPTWHJ[ZVUX\HSP[`HUKV\[JVTLZYLWVY[PUN

5\TLYH[VYTPZJHSJ\SH[PVU·
PUJS\ZPVUJYP[LYPH!

3V^LY

5H[PVUHSTLHZ\YLZ[LUK[VOH]LTPZSLHKPUN[P[SLZVYSHILSZ[OH[VM[LUSLHKWYHJ[P[PVULYZ[VILSPL]L
[OH[[OLVUS`WVW\SH[PVUZPUJS\KLKPU[OLTLHZ\YLZHYL[OVZL[OH[HYLTLU[PVULKPU[OL[P[SL-VY
L_HTWSL¸/I(JWVVYJVU[YVS¹SLHKZWYHJ[P[PVULYZ[VJV\U[VUS`WH[PLU[Z^P[O/I(J% WVVYS`
JVU[YVSSLKWH[PLU[Z^OLUPUMHJ[[OLTLHZ\YLHSZVPUJS\KLZPUKP]PK\HSZ^OVKPKUV[YLJLP]LHU
/I(J[LZ[K\YPUN[OLTLHZ\YLTLU[WLYPVK(KKP[PVUHSS`WYHJ[P[PVULYZTH`JVUM\ZLTLHZ\YL
YLX\PYLTLU[Z^P[OJSPUPJHSN\PKLSPULZ-VYL_HTWSLISVVKWYLZZ\YLTLHZ\YLTLU[]HS\LZT\Z[TLL[
JYP[LYPHMVYIV[OZ`Z[VSPJandKPHZ[VSPJSPTP[Z^OLYLHZVUS`VUL]HS\LTH`ULLK[VILZH[PZÄLKMVY
JSPUPJHSKPHNUVZPZ"MVV[L_HTTLHZ\YLZPUJS\KLTVUVÄSHTLU[]PZ\HSZLUZVY`L_HTZWLYMVYTLKI`H
WYPTHY`JHYLKVJ[VY·UV[Q\Z[]PZP[Z[VHZWLJPHSPZ[VYHWVKPH[YPZ[

+LUVTPUH[VYTPZJHSJ\SH[PVU
MVY(33/I(J]HS\LZ

/PNOLY

5H[PVUHSTLHZ\YLZZWLJPM`[OH[[OLKLUVTPUH[VYMVYHSS/I(JTLHZ\YLJHSJ\SH[PVUZ\ZLZ[OL[V[HS
U\TILYVMWH[PLU[Z^P[OHKPHNUVZPZVM+4;`WLVY;`WLK\YPUN[OLYLWVY[PUNWLYPVK6UJL[OL
VMWH[PLU[Z^P[O+4^OVYLJLP]LK(J[LZ[PUN^HZJHSJ\SH[LKP[^HZKL[LYTPULK[OH[HSSWYHJ[PJLZ
OHKTPZ[HRLUS`\ZLK[OH[WLYJLU[HNLHZ[OLKLUVTPUH[VY[VJHSJ\SH[L[OLYLTHPUKLYVM[OLPY+4
TLHZ\YLZZ\JOHZ/I(JWVVYJVU[YVSHUKJVU[YVS^OPJOYLZ\S[ZPUHOPNOLY SL]LSMVY[OVZLTLH
Z\YLZZPUJL[OH[]HS\LL_JS\KLZ[OLWH[PLU[Z^OVKPKUV[YLJLP]L/I(J[LZ[PUN

Table 4. Before and After Error Impacts on Apparent Measure Performance
Measure

Error Type

/I(JJVU[YVS#

+LUVTPUH[VYTPZJHSJ\SH[PVU

/I(JWVVYJVU[YVS

5\TLYH[VYHUKKLUVTPUH[VYTPZJHSJ\SH[PVU
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Impact on Apparent Measure Performance
 +PɈLYLUJL)LMVYLHUK(M[LY
  :+t$p$
  :+t$p$
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consensus on measures and to develop measure tools, reports, and
procedures, CCBC anticipates that less time would be required
to replicate this data reporting project with other clinics and
other EHR vendors since the methodology and tools to achieve
standardization have been developed—as long as other EHR
vendors are responsive to addressing eCQM reporting needs (the
time-limiting factor).
It is important to keep in mind that CCBC’s data standardization
process focused mainly on creating a communitywide learning
collaborative around measure selection, standardization, education, and performance feedback to identify opportunities to
improve data reporting out of EHRs. Vendor engagement was
critical for success but consumed only a minimal proportion
of the total time spent implementing this data standardization
process because there was a high level of buy-in and cooperation
from the vendor for this Beacon Community Program work that
would also benefit their other customers nationwide. Note that
this effort was expended for a limited number of eCQMs, clinics,
and one EHR vendor. The level of effort required to succeed in a
larger project (which may include many EHR vendors and various
eligible providers) cannot be calculated by simply multiplying the

reported full time equivalents (FTEs), but rather is calculated by
taking into consideration variables such as community’s level of
experience and proficiency with an EHR vendor, prior history or
relationship with community participants and the EHR vendor,
and familiarity with eCQMs. CCBC possessed a high level of
engagement, experience, and proficiency with the primary EHR
vendor in the community and had a history of successfully collaborating on innovative projects with the EHR vendor.

Discussion
The Beacon Communities have generated important lessons
around capturing high quality EHR data to support performance
improvement, such as measure selection and data element mapping; vendor engagement strategies; and implementing EHR data
quality-improvement activities.12 For example, building upon
previously known strategies to improve implementation of QI
components, the Colorado Beacon Community recently reported
that their providers and staff most valued community-based practice facilitation; collaborative peer-to-peer teaching and learning;
and accessible, local experts with EHR technical and data extraction and use expertise in their journey to meaningfully utilize
electronic clinical data.13

Table 5. Resources Necessary to Implement CCBC’s Data Standardization Process
Core Activities

(TV\U[VM,ɈVY[

Practice-Level Resources Required
3LHKLYZOPW

;VILLUNHNLKHUK[VHSSVJH[LWLYZVUULS
[PTL

0URPUK

+H[HVY804HUHNLY

7HY[PJPWH[LPUVYPLU[H[PVU"ZP[L]PZP[
PU[LY]PL^"KH[H^VYRZOVWZ"L_LJ\[LHUK
[YV\ISLZOVV[YLWVY[Z\ZPUN,/9Z`Z[LT

¶OYZWLYX\HY[LYKLWLUKLU[VUUV
VMWYHJ[PJLZYLZWVUZPISLMVYL_WLYPLUJL
HUK[YHPUPUNVUZ`Z[LTL[J

4LKPJHS+PYLJ[VY5\YZL:\WLY]PZVY80+PYLJ[VY

=HSPKH[LKH[HYLWVY[Z

OYZWLYX\HY[LY

3LHKLYZOPW

;VWYPVYP[PaLKH[HZ[HUKHYKPaH[PVUHUK[V
HSSVJH[LYLZV\YJLZ

0URPUK

+H[H,]HS\H[PVU4HUHNLY

+L]LSVWTLHZ\YLZL[Z"WYV]PKL[LJOUPJHS
HZZPZ[HUJL[VWYHJ[PJL+*Z"JVVYKPUH[L
^P[O,/9]LUKVY[VI\PSKYLWVY[ZHUK
PUZ[Y\J[PVUHSTH[LYPHSZ

-;,

+H[H*VVYKPUH[VY

*VTWPSLJSPUPJKH[HZ\ITPZZPVUZHUK
NLULYH[LWLYMVYTHUJLMLLKIHJRYLWVY[Z
NYHWOZHUKJOHY[Z

-;,

804HUHNLY

7YV]PKLJSPUPJHSN\PKHUJLYL!TLHZ\YL
ZL[ZHUK,/9Z`Z[LTSH`V\[

-;,

*VTT\UP[`<ZLY.YV\WJVUZPZ[PUNVM4LKPJHSHUK80+PYLJ[VYZ
YLZLHYJOL_WLY[ZJSPUPJPHUZ

=L[TLHZ\YLZ"WYV]PKLYLJVTTLUKH[PVUZ" 4LL[VUJLWLYTVU[OOV\YZ
ZL[WYPVYP[PLZMVYJSPUPJHSTLHZ\YLZVU
HZULLKLKIHZPZ
+L]LSVWTLHZ\YLYLMLYLUJLKVJ\TLU[H
-;,
[PVUMVYLK\JH[PVUHSTH[LYPHSZ

Community-Level Resources Required

80+H[H0U[LYU
EHR Vendor-Level Resources Required
9LWVY[PUN+H[HIHZL+LZPNU,_WLY[
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)\PSKHUKWYL[LZ[Z[HUKHYKPaLKKH[H
YLWVY[PUN[LTWSH[LZ^P[OPU,/9Z"JV
OVZ[KH[H^VYRZOVWZ"[YV\ISLZOVV[HZ
ULLKLK"Z\WWS`ZJYLLUZOV[Z^P[O\ZLY
PUZ[Y\J[PVUZMVYYLWVY[[LTWSH[LZ
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Our study findings support these previous learnings—in that error proportions declined as practices delegated data expertise to a
local data intermediary (CCBC) to champion efforts, such as measure harmonization, education, and performance feedback. CCBC
also leveraged the community practices’ relationships with their
EHR vendors as a group to meet reporting needs by facilitating
a local learning collaborative in partnership with the vendor for
technical assistance and to support standardized report creation
for data extraction in their EHRs. But what we have not seen to
date is a practical, detailed, step-wise process for how a community with limited resources and effort can begin to improve their
EHR-generated clinical quality reports.
This paper presents CCBC’s experience in implementing a data
standardization process that delineates the steps taken, times, and
the resources utilized, as well as the results of the project. CCBC’s
experience can provide other communities with an outline for
where to start, how to tailor an approach, what resources are
needed, and types of results that can be expected.
At the practice level, identifying appropriate data coordinators
ensured standardization of communications and instructions for
measure specifications and complex measurement vocabularies.
Measures were phased in so as not to overburden practices that
were unfamiliar with electronic reporting of quality measures,
as well as to allow practices to start with measures that they felt
most comfortable and confident in reporting in order to create
buy-in to the overall project. Measure reference sheets ensured
standardization of measure specifications and lab and procedural
codes, which resulted in participating practices dedicating time
and resources to “clean up” their overly customized EHRs (such
as identifying and removing customized ICD or CPT codes that
were not being captured in quality measure reporting). Likewise,
creation of vendor-developed, standardized report templates
reduced variations in measure interpretations and mapping
measure components to EHR system fields, which led to vendor
education of practices on appropriate data entry protocols. Lastly,
training workshops combined with rapid performance feedback
allowed physicians and staff to identify opportunities for documentation issues and cross-fertilization of solutions to resolve
them. These steps linked what CCBC was asking physicians and
staff to do (such as modify workflows to accommodate data capture) to actual patient care (such as having a more accurate count
of their patients with DM, or identifying which labs their providers are ordering, etc.).
The outcome of the data standardization process led to more accurate and reliable EHR-generated clinical quality reports providing physicians and clinical care teams with better information to
guide their decision-making around QI planning. For instance, by
the end of the project, medical directors did not hesitate to declare
that they felt “comfortable with these [eCQM] numbers.” Other
practitioners reported that the performance feedback generated

http://repository.edm-forum.org/egems/vol2/iss3/13
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by CCBC “triggered more concentrated efforts by the providers
to meet [QI] goals.” The reporting burden also greatly diminished
with the introduction of vendor-developed, standardized reporting templates within the EHR.
In the context of national initiatives to advance EHR adoption
and to facilitate HIE, it is essential to understand the common
barriers and facilitators to enabling reporting of clinical quality
and outcome data. The work of the CCBC can be used to inform
the work and policies of organizations and policymakers supporting these changes. In partnership with ONC’s Beacon Community
Program, the CCBC sought to build the electronic infrastructure
to improve reporting of clinical metrics and to develop communitywide analytics, research, and QI capability through an HIE
primarily consisting of a group of safety net clinics whose previous experiences reporting quality metrics were mostly through
chart audits. However, CCBC learned that practices required a
certain degree of prework around standardization of data capture
and reporting within their EHRs prior to joining the GNOHIE.
All communities face challenges in aggregating data from multiple sites and ensuring reliability for comparison purposes. Other
studies have documented the challenges that a community data
coordinator faces with regard to quality control, data cleaning,
reliability, and validity checks.14 It is challenging for communities working with multiple vendors to translate national quality
metrics in a way that can be reliably compared for performance or
QI activities.
Many communities may not yet be a part of HIEs or may lack
data sharing agreements altogether. However, our experience revealed that even in the absence of data sharing agreements, steps
can be taken to achieve data reporting reliability across multiple
sites and partner agencies. There is an obvious benefit to having
a central data repository that would allow for quality measure
calculations from patient-encounter level data as opposed to
aggregated numerators and denominators reported from multiple
sites. Yet it is just as important that practices be able to verify their
data locally prior to integrating their data into a central database.14
The CCBC anticipates that the steps taken toward achieving data
standardization will assist practices in implementing data entry
and documentation practices using recommended EHR fields,
which will facilitate the exchange of health information through
GNOHIE and will also help these practices achieve MU.
This experience from the CCBC can serve as a roadmap for other
communities attempting to meet the definition of MU, which
requires reporting of eCQM and, ultimately, the exchange of
health information. The CCBC relied on a collaborative approach
to overcome challenges experienced at the practice, vendor,
and community levels. Table 6 summarizes the challenges and
solutions employed in improving the reliability of EHR-generated
clinical outcomes reports.
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Table 6. Challenges and Solutions to Improving the Reliability of EHR-Generated Clinical Outcomes Reports
Challenge

Solution

Practice Level
 3HJRL_WLYPLUJLKKLKPJH[LKKH[HJVVYKPUH[VYZ

 ,UNHNL,/9]LUKVY]PHKH[HPU[LYTLKPHY`

 7YVÄJPLUJ`VU,/9ZHUKMHTPSPHYP[`^P[OL*84ZHUKL*84]VJHI\SHY`

 -VYTH[PVUVM\ZLYNYV\WZMVYWLLY[VWLLYSLHYUPUNHUKNYV\W[YHPUPUNZ
^P[O/0;HUKKH[HL_[YHJ[PVUL_WLY[Z

 7YV]PKLYKPZ[Y\Z[PU,/9L*84KH[H

 4LHZ\YLYLMLYLUJLZOLL[ZKH[H^VYRZOVWZHUK^LIPUHYZ[VJYLH[L
[YHUZWHYLUJ`PUTLHZ\YLNLULYH[PVU

Vendor Level
 ;YHUZSH[PUNTLHZ\YLZWLJPÄJH[PVUZPU[VZ`Z[LTÄLSKZ

 4HWWPUNTLHZ\YLZWLJPÄJH[PVUZPUHZWYLHKZOLL[^P[O[OL]LUKVY[V
ZWLJPÄJÄLSKZHUKJVKLZ

 :`Z[LT\WNYHKLZHUK\ZLYZVUKPMMLYLU[]LYZPVUZVM[OL,/9Z`Z[LT

 <WKH[LHUKJYLH[LT\S[PWSL]LYZPVUZVMZ[HUKHYKYLWVY[[LTWSH[LZ

Community Level
 3HJRVMZ[HUKHYKPaH[PVUPUYLWVY[PUNHUKPUJVUZPZ[LU[KLÄUP[PVUZ

 *YLH[PVUVMZ[HUKHYKPaLKYLWVY[[LTWSH[LZ^P[O,/9]LUKVY"
KL]LSVWTLU[VMTLHZ\YLYLMLYLUJLZOLL[ZHUKTHU\HSZ

 3HJRVMKH[HZOHYPUNHNYLLTLU[Z

 9LWVY[PUNVMTLHZ\YLU\TLYH[VYZHUKKLUVTPUH[VYZVUS`

 :[H`PUNHIYLHZ[VMTLHZ\YL\WKH[LZNP]LU[OL]HZ[HYYH`VMTLHZ\YLZL[Z

 ,Z[HISPZOPUNTLHZ\YLJVUZLUZ\ZHTVUNJVTT\UP[`WHY[ULYZ

 ,UZ\YPUN\ZHIPSP[`HUKYLSL]HUJLVMKH[HYLWVY[Z

 4V[P]H[PVU]PHWLYMVYTHUJLMLLKIHJRYLWVY[ZHUKJOHY[Z"ILUJOTHYRPUN

Conclusions
The introduction of EHRs into clinical practice is intended to improve patient outcomes by supporting providers’ decision-making
processes through care coordination, timely reminders, and alerts.
These functions require accurate and reliable information that
enables clinicians to manage their patient populations through
technology-enabled features such as automated reporting according to nationally acceptable measures of quality. The experience
of CCBC’s data standardization process provides one example of a
simple but effective process that communities and practices might
engage in to enable clinicians to utilize EHRs as tools for systematic quality reporting and improvement. EHRs may allow for integration of data from multiple sources in real time for improved
decision-making, but they are also complex and allow new opportunities for error.15 Our experience showed that evaluating the
reliability of EHR-generated clinical-outcomes reports—which
draw upon a subset of EHR data elements such as lab values, visit
dates, patient demographics, etc.—served as a pilot for the quality
of all of the data elements feeding into our HIE as well as the level
of trust that the community would have in performance reports
generated from the community data repository of the HIE.

Limitations
Our study has several limitations. First, the number of clinics in
our study is small (n = 13), but we believe that the information
derived from the experiences of these 13 clinics is useful and
informative. Second, longer exposure to the CCBC measures may
have contributed in part to the reduction in number of errors
by the last two reporting periods. Third, the typology of errors
identified and described in this study are from clinics primarily
using the same EHR vendor. Further research will be needed to
investigate error types among clinics utilizing other EHR vendors.
Additionally, this study does not take into account errors that
were detected by clinics on their own and not reported, or their
impacts on apparent measure performance. Therefore, it is likely
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that the actual error proportions may be higher than reported in
this study. For instance, additional factors, such as provider data-entry habits, lab interfaces, and EHR vendor features should be
investigated in future research to examine effects on the validity
of EHR-generated clinical-outcomes reports. Changes in DCs
among sites were not included in this study given the nature of
safety net clinics where staff turnover is high.

Lessons Learned
Our recommendation for other communities attempting to
meet MU and other similar quality reporting initiatives would
be to allow practices time—e.g., at least six months—to get into
alignment with national quality measures even if an EHR system
is certified. Communities should not underestimate the value that
can be derived from data validation, measures review, reporting
reliability, and data cleaning within EHRs prior to onboarding
data into an HIE.
We found invaluable the use of a process that would allow for
consensus building around measure selection, and identification
of technical assistance and reporting needs; then, tailoring assistance to the practice, vendor, and community needs as required.
Practices and vendors may need to phase in data reporting for
measure sets over time, as feasible. Facilitating relationships with
EHR vendors is also critical to success, particularly for development of standardized reporting templates and any system-level
customizations required. Safety net practices and small physician
practices should consider collaborating to take on this type of responsibility and coordination together or via a local champion or
data intermediary, rather than individually, for increased chances
of success. Such data intermediaries can also interact with local
payers and quality committees to facilitate measure harmonization for common reporting purposes.
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Policymakers should consider the role that data intermediaries—
particularly HIEs with centralized community data repositories
that adhere to data validity and reliability procedures—can play in
harmonizing measures across a community, simplifying data aggregation and analytics, and negotiating data sharing agreements
for Quality Improvement Plans (QIPs).
CCBC providers are benefiting from participation in our data
standardization efforts through facilitated reporting of quality
measures to government, accreditation, and payer organizations, such as NCQA and local Medicaid programs. In addition,
increased awareness of error types and their effects on measure percentage levels is aiding practices to make the necessary
adjustments to improve data validity. While this paper describes
the first phase of our work around improving standardization and
reliability of EHR reports, our team is embarking on the second
phase of our work, which entails utilizing findings from the data
standardization work to improve data capture via modifications to
EHR templates. LPHI is replicating and spreading the CCBC data
standardization process to other community clinics across our
state via our Health Center Controlled Network, an HRSA-funded grant program, seeking to expand and build upon the CCBC
efforts in order to advance the adoption and MU of HIT, as well as
to support clinical QI, business operations, and financial sustainability among safety net providers.16
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