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ABSTRACT
Objectives Low- value esophagogastroduodenoscopies 
(EGDs) for uncomplicated gastro- oesophageal reflux 
disease (GERD) can harm patients and raise patient and 
payer costs. We developed an electronic health record 
(EHR) ‘eMeasure’ to detect low- value EGDs.
Design Retrospective cohort of 518 adult patients 
diagnosed with GERD who underwent initial EGD between 
1 January 2019 and 31 December 2019.
Setting Outpatient primary care and gastroenterology 
clinics at a large, urban, academic health centre.
Participants Adult primary care patients at the University 
of California Los Angeles who underwent initial EGD for 
GERD in 2019.
Main outcome measures EGD appropriateness criteria 
were based on the American College of Gastroenterology 
2012 guidelines. An initial EGD was considered low- value 
if it lacked a documented guideline- based indication, 
including alarm symptoms (eg, iron- deficiency anaemia); 
failure of an 8- week proton pump inhibitor trial or 
elevated Barrett’s oesophagus risk. We performed 
manual chart review on a random sample of 204 
patients as a gold standard of the eMeasure’s validity. 
We estimated EGD costs using Medicare physician and 
facility fee rates.
Results Among 518 initial EGDs performed (mean age 
53 years; 54% female), the eMeasure identified 81 
(16%) as low- value. The eMeasure’s sensitivity was 42% 
(95% CI 22 to 61) and specificity was 93% (95% CI 89 
to 96). Stratifying across clinics, 62 (74.6%) low- value 
EGDs originated from 2 (12.5%) out of 16 clinics. Total 
cost for 81 low- value EGDs was approximately US$75 
573, including US$14 985 in patients’ out- of- pocket 
costs.
Conclusions We developed a highly specific eMeasure 
that showed that low- value EGDs occurred frequently in 
our healthcare system and were concentrated in a minority 
of clinics. These results can inform future QI efforts at our 
institution, such as best practice alerts for the ordering 
physician. Moreover, this open- source eMeasure has a 
much broader potential impact, as it can be integrated 
into any EHR and improve medical decision- making at the 
point of care.

INTRODUCTION
Low- value medical care comprises testing, 
medication or procedures that offer no 
net benefit to patients in specific clinical 
scenarios, potentially causing patient harm 
and increased costs.1–6 Given the potential 
for patient harm, ensuring the appropriate 
use of upper endoscopy is a high priority 
in the US healthcare system.7 8 Physicians 
perform an estimated 6.1 million esophago-
gastroduodenoscopies (EGDs) in the USA 
each year, with gastro- oesophageal reflux 
disease (GERD) as the most common indica-
tion.8 Adverse events occur in approximately 
1 in 5000 procedures but can be serious, 
including bleeding, perforation, infection 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Unnecessary, or low- value, EGDs can lead to direct 
patient harm, overburden the healthcare system 
with additional procedures and increase patient and 
payer costs.

 ⇒ Quality improvement efforts would benefit from the 
development of coding- based tools that can replace 
manual chart review.

WHAT THIS STUDY ADDS
 ⇒ We developed an electronic health record- based 
coding tool (eMeasure), which allows the prevalence 
of low- value EGD to be assessed without relying on 
chart review and can be used serially during quality 
improvement efforts.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ We plan to conduct a quality improvement project 
within our own healthcare system to reduce low- 
value EGDs.

 ⇒ Broadly, our eMeasure tool will be made available 
for widespread use, allowing other researchers and 
healthcare systems to conduct their own assess-
ments and quality improvement efforts.

http://bmjopen.bmj.com/
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and sedation- related complications.9 Despite these well- 
established risks, many EGDs lack an evidence- based 
indication. Global estimates of low- value EGD vary widely, 
but are as high as 36%–77%, suggesting an opportunity 
for improving the quality and value of care.10 11 A high 
volume of unnecessary EGDs may contribute to delays in 
scheduling of both clinically indicated EGDs and other 
procedures such as screening colonoscopy due to limited 
clinician time and procedure rooms. Low- value EGDs can 
overburden the health system and raise costs for patients 
and payers, in addition to their potential for direct patient 
harm.12 13

Several quality improvement (QI) interventions 
have reduced low- value EGDs for dyspepsia, including 
workshops for physicians to review established prac-
tice guidelines and direct feedback to physicians on the 
appropriateness of their EGD referrals.13 However, no 
interventions to our knowledge have addressed low- value 
EGDs for GERD, despite GERD’s status as the second 
most common gastrointestinal diagnosis in ambula-
tory settings, and the most common reason for EGD 
referral.8 13 The use of electronic health record (EHR) 
data to assess low- value EGDs has the potential to provide 
robust, reliable estimates that can determine the extent 
of the problem at individual sites and deliver serial clini-
cian feedback during intervention efforts. While EHR 
data are often accessed by direct methods such as chart 
review, use of an electronic measure (eMeasure) can auto-
mate this process. An eMeasure is a standardised perfor-
mance measure, which in this case tracks the quality of 
a particular healthcare service (ie, EGD), by extracting 
and analysing data from the EHR according to prepro-
grammed coding logic.

To the best of our knowledge, we developed and vali-
dated the first open- source eMeasure of low- value EGD in 
the initial management of GERD. The eMeasure builds on 
our experience developing a successful eMeasure of low- 
value colorectal cancer screening.14 Ultimately, this new 
eMeasure could be implemented by clinicians across the 
USA to identify the cost and prevalence of low- value EGD, 
track the effectiveness of future QI interventions, with 
the potential to improve the value of care for millions of 
Americans. Using the eMeasure, we also sought to char-
acterise the prevalence of low- value care for initial EGD 
among adults with GERD at the University of California 
Los Angeles (UCLA) Health, a large academic health 
system across multiple clinical settings.

MATERIALS AND METHODS
Population
We identified the population of UCLA primary care 
patients aged ≥18 years who underwent an initial EGD 
between 1 January 2019 and 31 December 2019, with 
an International Classification of Diseases, 10th revision 
(ICD- 10) diagnosis code of GERD or heartburn associ-
ated with their procedure or in the preceding 12 months. 
UCLA primary care patients are defined as having two 

or more UCLA primary care physician (PCP) visits in 
the past 36 months, one or more UCLA preventive care 
PCP visits in the past 12 months or current membership 
in UCLA medical group’s insurance plan. We excluded 
patients who had a previous EGD identified in our system 
within the past 36 months. We also excluded patients with 
known Barrett’s oesophagus (BE), gastrointestinal malig-
nancy, prior or planned bariatric surgery or chronic liver 
disease, as these conditions are important indications for 
both initial and serial EGDs distinct from indications for 
patients with GERD (a complete list of diagnostic codes 
has been submitted, along with our statistical coding 
language which is located in online supplemental files 1 
and 2).

Development and validation of an electronic health record 
measure to assess EGD appropriateness
Building on our prior published methods,14 15 we devel-
oped an eMeasure to identify initial EGDs in the popula-
tion described above and to characterise those EGDs as 
either high- value or low- value, based on ICD- 10 coding 
data available in the EHR (Epic). We defined an EGD 
as ‘initial’ if it was the first EGD to occur within a 3- year 
period. This timeline is consistent with prior studies of 
repeat EGD, which typically suggest that after a 3- year 
period, a repeat EGD may be reasonable, as the patient’s 
clinical situation may have changed enough to warrant 
repeat EGD regardless of the initial EGD’s findings (or 
lack thereof).7 11 Two board- certified gastroenterolo-
gists and two board- certified general internists defined 
multidisciplinary EGD appropriateness criteria using the 
evidence- based 2012 American College of Gastroenter-
ology guidelines for GERD management.16 Manual chart 
review was then conducted for a random sample of 204 
patients to validate these criteria in identifying low- value 
EGD. To address the problem of incomplete and non- 
specific diagnosis coding in routinely collected EHR data, 
we explicitly designed the eMeasure to use the broadest 
possible interpretation of codes to capture indications 
(eg, anaemia was treated as iron deficiency anaemia, and 
unspecified weight loss was treated as unintentional, clin-
ically significant weight loss) to achieve our prespecified 
goal of ≥90% specificity. We chose to maximise specificity 
over sensitivity to minimise false positives that would 
mislabel appropriate EGDs as low- value, and potentially 
prevent appropriate care should the eMeasure be used 
to inform a best practice alert in the future. We chose the 
value of 90% specificity in particular based on decision 
analysis literature on reliability and validity, which cite 
this level of specificity as a marker of good test perfor-
mance.17 18 Our high- specificity approach also ensured 
an eMeasure that would be as generous as possible to 
clinicians, as we are aware of the limited ability of routine 
billing codes to convey all the clinicians’ concerns and 
reasoning about a given patient. In doing so, we believed 
our measure would have the greatest credibility among 
clinicians during future QI efforts.

https://dx.doi.org/10.1136/bmjoq-2023-002363
https://dx.doi.org/10.1136/bmjoq-2023-002363
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An EGD was considered low- value if none of the 
following criteria were met: (1) alarm symptom present 
(eg, diagnostic codes of gastrointestinal bleeding, iron 
deficiency anaemia, weight loss, etc); (2) completion of 
8 weeks of proton pump inhibitor (PPI) therapy or (3) 
elevated risk of Barrett’s oesophagus (BE). Since no 
single consensus definition for elevated BE risk exists, we 
performed sensitivity analyses by testing three different 
definitions that were based on available guidelines, in 
order to determine if use of different guidelines affected 
our results.16 19–21 Our prespecified goal was to maximise 
eMeasure specificity; therefore we used the most inclusive 
definition of elevated risk, for which patients need to have 
three risk factors, such as smoking, family history of BE or 
obesity (table 1). PPI use was obtained from prescription 
data and did not include over- the- counter use.

We performed manual chart review to assess the validity 
of our eMeasure. After establishing high inter- rater reli-
ability on a testing set (see ‘Results’ section for details), 
we then reviewed 204 randomly selected charts and 
calculated the sensitivity and specificity of the measure. 
Results from manual chart review were treated as the gold 
standard results, and those from the eMeasure were the 
test results. For example, a true positive (low- value EGD) 
was identified as such by both the eMeasure and by chart 
review, while a false positive was identified as low- value 
by the eMeasure but not by chart review. Sensitivity is 
the proportion of people with low- value EGD who are 
correctly identified by the eMeasure, or the number of 
true positives divided by the sum of true positives and 
false negatives. Similarly, specificity is the proportion of 
people without low- value EGD who are correctly identi-
fied by the eMeasure, or the number of true negatives 
divided by the sum of true negatives and false positives. 
Since sensitivity and specificity are proportions, their 95% 
CIs can be calculated using a binomial distribution. We 
collected patient demographics such as age, sex, race/
ethnicity and estimated income using 5- digit zip code 
and comorbidities (table 2). We calculated low- value 

EGD costs using 2022 Medicare physician and facility fee 
rates (US$933: CPT code 43235), which also provides esti-
mates for patient out- of- pocket costs.22 We stratified the 
frequency of EGDs by clinic site, based on where the orig-
inating EGD referral order took place, to better inform 
future QI initiatives.

Statistical analysis
Our statistical power calculations revealed that 204 
medical charts would have approximately 80% power to 
demonstrate our prespecified goal of an eMeasure spec-
ificity of 90% or higher. For this power calculation, we 
assumed a low- value EGD prevalence of 20% and spec-
ificity of 95% based on preliminary estimates from our 
initial exploratory chart review of 20 random cases. We 
reviewed an additional 15 random cases to test our inter- 
rater reliability prior to validating the eMeasure. These 
15 cases were not included in the 204 charts randomly 
selected for review for eMeasure validation. We performed 
two- tailed t- tests and χ2 tests to assess the relationship 
between various demographic and socioeconomic char-
acteristics and EGD overuse, with a p value <0.05 as statis-
tically significant. SAS V.9.4 was used for these compar-
ison tests; all other analyses were conducted using SQL 
Server Management Studio V.14.0.17289.0.

Patient and public involvement
The public and patients were not involved in the design, 
conduct, reporting or dissemination plans of our research.

RESULTS
Among 21 437 adults with GERD or heartburn, 518 
(2.4%) underwent an initial EGD during the study period 
(figure 1). Average age was 55 years (SD=14), and 54% of 
the population was female. For race and ethnicity, 61% 
of patients identified as white, 8% Asian, 3% black, 14% 
other and 14% had missing race/ethnicity information 
(table 2).

Measure performance and validity
After reviewing the guideline- based criteria, the blinded 
physician reviewers independently agreed >90% of the 
time whether the EGD was appropriate in a training set 
(n=15), demonstrating excellent inter- reviewer reliability. 
Each of the three reviewers then independently reviewed 
68 randomly selected EGD cases for a total of 204 unique 
cases. This manual chart review of 204 cases represented 
the gold standard evaluation of low- value EGD to which 
the eMeasure was compared. When compared with physi-
cian chart review, the eMeasure had an overall specificity 
of 93% (95% CI 89 to 96) and sensitivity of 42% (95% CI 
22 to 61) for identifying low- value EGD.

Low-value EGD referrals for GERD in a large academic 
health system
Our eMeasure identified 518 EGDs among patients with 
GERD who did not have a documented prior EGD. Of 
these, 81 (16%) EGDs met our criteria for low- value care. 

Table 1 Three different definitions of elevated risk of 
BE19–21

Strictest criteria21 Intermediate criteria16 20 Least strict criteria16 20

Male gender plus Any four risk factors listed 
under the strictest criteria

Any three risk factors 
listed under the strictest 
criteria

GERD symptoms 
>5 years

  Plus two or more of 
the following:

  Age >50 years

  White

  BMI >25 kg/m2

  Current or past 
smoking

  Family history of BE 
or EAC

BE, Barrett’s oesophagus; BMI, body mass index; EAC, oesophageal 
adenocarcinoma; GERD, gastro- oesophageal reflux disease.
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Low- value EGDs were associated with younger age (50 vs 
56 years, p<0.001) and with female gender (75% vs 50% 
female, p<0.001) (see table 2 for details). We also assessed 
the frequency of low- value EGD by clinic and found that 
approximately 61 of the 81 low- value EGDs (75%) orig-
inated from 2 clinics of 16 clinics total (figure 2). The 
clinics represented a mix of primary care and gastroen-
terology clinics; the two clinics with the most low- value 
EGDs were gastroenterology clinics. Combined, the 81 
low- value EGDs had an estimated total cost of US$75 573, 
including US$14 985 in patient out- of- pocket costs (costs 
of US$933 total per patient and US$185 per patient out- 
of- pocket, respectively).

Sensitivity analysis of applying various definitions of high 
risk for BE
In total, there were 460 out of 518 EGDs performed on 
patients at elevated risk of BE, using the most inclusive 
definition of elevated risk. We found that using any of our 
three guideline- based definitions of elevated risk for BE 
did not substantially impact our results. For instance, the 
specificity associated with the three models was as follows, 
in order from most restrictive to most inclusive model: 
model 1 87% (95% CI 82% to 93%), model 2 87% (95% 
CI 82% to 92%) and model 3 92% (95% CI 88% to 96%). 

The sensitivity for each model was also highly similar: 
model 1 38% (95% CI 25% to 50%), model 2 37% (95% 
CI 22% to 50%) and model 3 39% (95% CI 19% to 50%). 
In accordance with our prespecified plan to maximise 
eMeasure specificity, our final analysis used the most 
inclusive and broad definition of BE risk, requiring only 
three known risk factors (table 1).

CONCLUSIONS
We developed a highly specific eMeasure to identify low- 
value EGD among patients with GERD and heartburn. 
The use of our EGD metric is a novel progression from 
prior studies that have drawn attention to the issue of 
low- value care in endoscopy. Most studies have focused 
on colonoscopy, primarily for screening.6 7 15 A notable, 
large- scale study of low- value EGD was completed in the 
Veteran’s Affairs hospital system but was restricted to 
repeat EGD only.11 The majority of studies, whether on 
colonoscopy or EGDs, also rely heavily on chart review. 
To our knowledge, this is the first study to introduce a 
validated, replicable, automated EHR- based approach 
to identifying and tracking low- value EGDs in the initial 
management of GERD.

Table 2 Characteristics of patients referred for EGD, stratified by appropriateness (n=518)28

Potentially high- value (n=437)
n (%)

Potentially low- value (n=81)
n (%)

Total (n=518)
n (%) P value

Age (mean±SD) 56.4±14.3 49.9±15.7 55.4±14.7 <0.001

Gender       <0.001

  Male 219 (50.1) 20 (24.7) 239 (46.1)   

  Female 218 (49.9) 61 (75.3) 279 (53.9)   

Race       <0.001

  White 280 (64.1) 34 (42.0) 314 (60.6)   

  Asian 31 (7.1) 12 (14.8) 43 (8.3)   

  Black 14 (3.2) 0 (0.0) 14 (2.7)   

  AI/AN 0 (0.0) 1 (1.2) 1 (0.2)   

  NH/PI 0 (0.0) 0 (0.0) 0 (0.0)   

  Other 59 (13.5) 16 (19.8) 75 (14.5)   

  Unknown 53 (12.1) 18 (22.2) 71 (13.7)   

Ethnicity       0.008

  Not Hispanic 322 (73.7) 56 (69.1) 378 (73.0)   

  Hispanic 58 (13.3) 5 (6.2) 63 (12.2)   

  Unknown 57 (13.0) 20 (24.7) 77 (14.9)   

Annual household income (US$)28       0.05

  <50 000 12 (2.7) 4 (4.9) 16 (3.1)   

  50 000–75 000 50 (11.4) 17 (21.0) 67 (12.9)   

  75 000–100 000 95 (21.7) 16 (19.8) 111 (21.4)   

  ≥100 000 189 (43.2) 28 (34.6) 217 (41.9)   

  Unknown 91 (20.8) 16 (19.8) 107 (20.7)   

P values reflect comparison of high- value versus low- value groups.
AI, American Indian; AN, Alaska Native; NH, Native Hawaiian; PI, Pacific Islander.
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Our eMeasure results suggest that up to 4 in every 25 
EGDs are low- value, exposing patients to unnecessary 
procedure- related risks and avoidable out- of- pocket costs. 
As we designed our measure with high specificity, the 
actual incidence of low- value EGDs is likely to be even 
higher than our estimates, highlighting the importance 
of developing QI efforts to reduce low- value EGDs to 
lower spending while improving the quality of care.

Our results further suggest that referral patterns in a 
small number of clinics may provide a focus for future 
targeted intervention at our institution. Since low- value 
EGDs were especially high at two referral clinics, an initial, 
data- driven and non- judgemental gastroenterologist- led 
intervention could be focused on discussions with gastro-
enterologists at those two sites in the future.23 To increase 
physician engagement, there would be open discussion 
of how to incorporate tactics such as allowing the clinics 
themselves to autonomously develop standardised local 
practice guidelines and implementing an EHR- based best 
practice alert influencing physician ordering patterns 
at the point of care. Our measure could then be used 
prospectively to serially assess low- value referrals and 
detect responses to the intervention compared with a 
control group.

In addition to use within our health system, our 
measure has the potential for broader impact. Our 
eMeasure is based solely on demographic data and 

ICD- 10 diagnosis codes that are present in any EHR, 
and thus could theoretically be adapted to function 
in any EHR. Use of the eMeasure can facilitate real- 
time, automated monitoring of low- value care at 
health systems across the USA, and therefore iden-
tify the unique drivers of low- value care at various 
institutions. The eMeasure could also be expanded 
to include a clinical decision tool for providers, 
such as a best practice alert on indications for EGD. 
In addition, our approach to developing a highly 
specific, EHR- based measure can be applied to 
topics beyond EGD and fields beyond gastroenter-
ology. Low- value medical care can be successfully 
reduced using a respectful, data- driven approach 
that leverages non- judgmental communication.23 
Our measure was designed to maximise specificity, 
to give clinicians the ‘benefit of the doubt’ and 
thus could build greater trust in our results among 
referring physicians. An eMeasure that falsely clas-
sified an EGD as low- value when it was appropriate 
would rapidly lose credibility among frontline clini-
cians and might lead to unintended patient harm by 
disrupting medically necessary EGDs. The combina-
tion of a highly specific, credible eMeasure tool for 
tracking and clinician- centred interventions is likely 
to yield the optimum result in reducing low- value 
care in any field.

Figure 1 Patient population. EGD, esophagogastroduodenoscopy; GERD, gastro- oesophageal reflux disease; GI, 
gastrointestinal; UCLA, University of California Los Angeles.
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Limitations
While this is the first study to our knowledge to use an 
eMeasure to identify low- value EGD, this was a single- 
centre retrospective analysis. Thus, our results may not 
necessarily generalise elsewhere, particularly for settings 
other than large, urban academic medical centres. 
Another important limitation is our reliance on routine 
coding for many aspects of the measure, including GERD 
diagnosis, PPI use and risk factors such as anaemia or 
smoking history. To compensate for inaccurate or non- 
specific coding, we used the most liberal definitions for 
these codes. For example, documentation of anaemia 
was deemed to be equivalent to iron deficiency anaemia, 
which would be a justification for EGD referral. In other 
words, to maximise specificity we favoured errors of 
commission over errors of omission when identifying 
indications for EGD.

As mentioned above, we intentionally designed our 
eMeasure to have high specificity, at the natural expense 
of sensitivity. In doing so, we reduce the chance that 

the eMeasure—if used to drive a best practice alert or 
other intervention—would falsely label an appropriate 
EGD as low- value and thus present a barrier to patient 
care. In exchange, we allowed more potentially inap-
propriate EGDs. The cost associated with this approach 
is the facility and direct patient costs associated with any 
EGD (described in ‘Results’ section), as well as the cost of 
adverse events from the procedure itself. However, there 
would be potentially greater associated costs and harms 
if we were to take the opposite approach and design an 
eMeasure with high sensitivity and low specificity. If, for 
example, our sensitivity was 93% and specificity was 42% 
(reversing our actual numbers), the false positive rate 
would rise from 6 to as many as 49 cases in 100. Assuming 
that some of these cases were unable to undergo EGD in a 
timely manner as a result, there would be a delay in diag-
nosing serious conditions such as oesophageal cancer. 
For instance, the average cost associated with treatment 
of stage 1 oesophageal cancer is US$73 595 vs US$144 019 
for stage 4.24 25 A delay in diagnosis could then result in 

Figure 2 Esophagogastroduodenoscopies (EGDs) stratified by primary care and gastroenterology clinics.
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both patient harm and a potential doubling in costs for 
subsequent treatment.

To track PPI use, we were restricted to prescriptions and 
not able to capture over- the- counter PPI use. In addition, 
prescriptions for PPI may not have been filled, and adher-
ence to filled prescriptions was not assessed. In the future, 
use of natural language processing may be able to address 
some of these challenges, specifically by improving eMea-
sure sensitivity without sacrificing specificity.26

EGD appropriate use guidelines have differences, 
particularly on how to define elevated risk of BE.19–21 We 
conducted a sensitivity analysis on the impact of different 
guidelines for BE screening on EGD appropriateness but 
found that the impact on our measure’s performance was 
small. This may reflect the fact that indications for BE 
screening are difficult to glean from coding, for example, 
family history is often included in notes rather than 
coded. Thus, the use of one guideline versus another did 
not alter our estimates substantially. Failure to capture 
patients at high risk for BE could result in an overesti-
mation of inappropriate EGD referrals. To address this 
concern, we used the broadest and most inclusive defi-
nition of high BE risk possible, combined with rigorous 
chart review. Future work could examine whether incor-
porating differing weights of the eMeasure components 
such as BE risk can improve eMeasure performance.

Finally, costs were estimated using published Medicare 
physician fee schedule reimbursement rates and may 
differ for the patients in our study who are insured by 
Medicaid or commercial health plans. Nevertheless, US 
Medicare reimbursement rates are publicly available and 
easily reproducible by other researchers, and they serve 
as a standard benchmark for reimbursement rates set by 
all other payers.27

In summary, we created a highly specific eMeasure for 
low- value EGD, at the intentional expense of measure 
sensitivity. Low- value EGDs occurred frequently and 
raised costs for patients and payers. Most low- value EGDs 
occurred in a small minority of clinics, which can inform 
future QI interventions at our institution. Furthermore, 
as our open- source eMeasure can function in any EHR, 
its use can identify targets for intervention at any institu-
tion and improve the value of physician decision- making 
at the point of care.
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