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Abstract 

Background: This is a narrative review of emergency medicine quality metrics and associated quality improvement 

interventions.  Most measures of emergency encounters in managed care focus on preventable encounters, but quality of the 

emergency care delivered during encounters can have long-term impact on outcomes. 

Background: To summarize the current landscape of guideline-based quality improvement metrics and review interventions 

targeting performance improvement on those measures. 

Methods: We conducted an environmental scan of published literature to identify studies of guideline-based performance 

measures in emergency medicine, recent changes to these measures, and the design and effectiveness of programs aimed at 

improving performance on the most broadly adopted metrics. 

Results: Many clinical practice guidelines and recommendations for emergency medicine have not been operationalized into 

process metrics that can be used to assess individual performance. Metrics that have been widely adopted do not cover the 

breadth of emergency medicine practice. Both metrics and interventions have focused predominantly on decreasing low-value 

resource utilization and providing effective clinical care; less attention has been directed towards the role of emergency 

physicians in other quality priority areas, such as population health and care coordination. Reported interventions to improve 

performance on these measures have primarily been single-site, non-randomized studies that incorporate one or more 

components of education, clinical decision support, and audit and feedback. More research on patient impact of unintended 

consequences of metrics and interventions is needed. Of several promising areas for intervention, opioid stewardship, use of 

alternatives to opioids, and referrals for substance use disorders are major emerging priorities. 

Conclusion: Continued development of metrics and evidence-based performance improvement strategies are needed. This 

process must involve emergency clinicians, and development of validated metrics should match with priority areas in quality. 

Interventions using education, clinical decision support, and audit and feedback, alone or in combination, have been 

implemented with varying effectiveness. 
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Introduction 

The triple aim of improving quality of care, promoting population health, and reducing costs of care has stimulated 

development of guidelines targeting these goals and strategies for measurement of guideline adherence. Guidelines are 

based on both the best available evidence and expert judgment [1-4] and measuring adherence to guidelines in process 

measures can provide early indicators for patient outcomes. An example is reperfusion therapy for acute myocardial 

infarction (AMI), which has seen continuous improvements in Emergency Department (ED)-related process measures 

[5,6], contributing to overall reductions in mortality [7-9]. Policy groups and professional societies have endorsed 

consensus measures for ED performance [2], and to a more limited extent, national reporting and incentive programs 

have subsequently incorporated these measures [10]. The results of quality improvement and incentive programs 

targeting these ED measures are beginning to emerge. 

Previous studies have highlighted the disjointed history of ED quality measurement [11,12]. The Hospital Quality 

Alliance laid the early groundwork upon which other organizations subsequently pioneered early quality measures in 

emergency medicine. Some of these metrics were incorporated into government and institutional programs. In 2009, 

recognizing the need to standardize quality measurement across disjointed sets of metrics, the National Quality Forum 

(NQF) established 22 national voluntary consensus standards for emergency care [2,12,13]. Despite this effort, few of 

these metrics have been incorporated into a payor policy that would promote widespread adoption [12]. This is, in part, 

because not all of these standards have been endorsed by professional societies, and some have been withdrawn [14].  

One area that has benefited from leadership and continuity in measure development is ED operations and 

throughput [15]. The Emergency Department Benchmarking Alliance (EDBA), a not-for-profit collaborative of 

performance-minded EDs, has hosted a series of consensus summits since 2006. They have established key definitions 

and metrics for ED performance and operations to allow for standardization and common language for policies created 

by regulatory bodies, including the Centers for Medicare and Medicaid Services (CMS) and the Joint Commission 

[4,16]. However, most of these metrics are not guideline driven in a way that can be used to inform measurement of 

individual clinicians’ performance. 

Since the last Emergency Department Benchmarking Alliance (EDBA) summit in 2014, the most recent wave of 

changes towards value-based payment was codified with the passage of the Medicare Access and Children's Health 

Insurance Program Reauthorization Act of 2015 (MACRA). The last reporting year for Physician Quality Reporting 

System (PQRS) ended in 2016, and under MACRA, a number of incentive programs were replaced with the Quality 

Payment Program (QPP). Moving forward, Medicare will adjust physician fee schedule payments through one of two 

value-based tracks: The Merit-based Incentive Payment System (MIPS) or the Advanced Alternative Payment Models 

[17]. In emergency medicine most attention has been placed on MIPS, as initially most emergency physicians will be 

affected by this change [18]. 

In the context of this renewed focus on measurement and improvement, our objective is to provide a summary of 

performance metrics that have been adopted and endorsed by professional societies and federal programs and to review 

the effectiveness of interventions targeting these measures. 

Methods 

An emergency physician (SN) searched peer-reviewed publications to identify quality indicators and performance 

metrics for emergency medicine, in addition to ED-based interventions to improve group or individual performance in 

quality measures. 

We used the following search terms in PubMed and MEDLINE: ("emergency medicine"[Title/Abstract]) AND 

(quality[Title/Abstract] OR performance[Title/Abstract] OR measure[Title/Abstract] OR intervention[Title/Abstract] 
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OR improvement[Title/Abstract] OR "Outcome and Process Assessment (Health Care)"[Mesh] OR "Quality Indicators, 

Health Care"[Mesh] OR "Quality Improvement"[Mesh] OR "Program Evaluation"[Mesh]). 

Based upon titles and abstracts, we excluded articles that were not primarily focused on the ED and not related to 

measurement or performance improvement. Articles written in a non-English language were excluded. Full-text articles 

were then retrieved to review further candidacy. For each of the relevant articles identified, we screened the references 

and further reviewed any additional publications that might have been missed in the initial search. 

In addition to published literature indexed in MEDLINE, we reviewed websites related to emergency medicine 

quality measurement and guideline dissemination. Based on this initial review, we included the CMS programs Hospital 

Outpatient Quality Reporting (OQR), Hospital Inpatient Quality Reporting Program (IQR), PQRS, MIPS; the National 

Quality Forum (NQF); the American College of Emergency Physicians (ACEP); and Choosing Wisely by the American 

Board of Internal Medicine (ABIM) Foundation and ACEP. 

We excluded studies intended to measure organizational performance with diffuse attribution (e.g. staffing 

structures for ED throughput; preventable emergency visits; CMS annual patient experience metrics). Studies that 

assessed only provider knowledge or attitudes after an educational intervention without examining changes in clinical 

practice were excluded. In our analysis of interventional studies, we did not include interventions targeting structural 

rather than individual performance factors (e.g. creating multi-disciplinary teams or staffing workflows). Articles were 

categorized as systematic reviews (including reviews of measurement strategies), measurement and performance 

trends, and interventional quality improvement studies. 

We de-duplicated studies with multiple publications by selecting the earliest peer-review article with hypothesis-

testing statistics. The majority of quality improvement literature is opportunistic reporting of positive findings, and a 

number of negative results will not surface. Therefore, to better understand publication bias, we inspected significance 

statistics to assess if the distribution skewed toward borderline significance. 

 
Figure 1. Article selection process 
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Results 

Search Results 

A total of 3,481 articles were found through the search strategy (Figure 1). Based on initial screening criteria and 

full text review, 207 relevant articles were identified, including 16 systematic reviews (including reviews of 

measurement strategies), 79 articles on measurement and performance trends, 85 interventional quality improvement 

studies, and 26 articles reviewing types of interventions. There were no recent systematic reviews devoted to the topic 

of emergency care metrics. However, in addition to summary reviews [12,19], there have been systematic reviews on 

specific areas of quality measurement, such as ED measure appraisal [20], operations [21], clinical practice guidelines 

[3], and specific conditions [22]. The most recent systematic review on interventions in 2016 focused on 

implementation research, but was limited to articles published in 2002, 2007, and 2012 [23]. 

Guideline-Based Physician Performance Metrics 

Given the uneven uptake of measures, we focused on recent sets of quality measures most frequently referenced in 

the literature, organized by National Quality Strategy (NQS) domains (Table 1). Following the Patient Protection and 

Affordable Care Act, the Department of Health and Human Services established the NQS as a guiding plan for quality 

improvement in health care to frame federal efforts for high-value care [24,25]. These domains are: (1) Efficiency and 

cost reduction; (2) Effective clinical care; (3) Community and population health; (4) Effective communication and care 

coordination; (5) Patient safety; and (6) Person and caregiver-centered experience and outcomes. Measures of 

effectiveness with thresholds (e.g. “within 30 minutes”) can also be reported as continuous time measurements. In 

Table 1, continuous measures of elapsed time are distinguished as a separate throughput domain related to either 

patient experience or effective clinical care. No national metrics for patient experience explicitly devoted to emergency 

medicine were identified outside of the throughput domain. 

Table 1: National quality measures for emergency medicine 

Measure Title Federal Programs Professional Society Endorsement 

CMS 
OQR 

(2018) 

CMS 
IQR 

(2018) 

CMS 
PQRS 
(2016) 

CMS 
MIPS 
(2017) 

ACEP 
(2018) 

ABIM/ACEP 
Choosing 

Wisely 

NQF (2018) 

Efficiency and cost reduction 

CT for minor blunt head trauma 
(Age ≥ 18 years, Age 2-17 years) 

- - 
PQRS 

415, 416 
MIPS 415, 

416 
ACEP 19, 

20 
2013 * 

Appropriate use of CT for pulmonary 
embolism 

- - - - ACEP 22 2014 * 

Appropriate use of imaging for 
recurrent renal colic 

- - - - 
ACEP 
QI02 

2014 - 

Appropriate use of imaging for low 
back pain 

OP-8 - 
PQRS 

312 
MIPS 
312** 

- 2014 * 

Appropriate use of head CT for low 
risk syncope 

- - - - - 2014 - 

Overuse of neuroimaging for 
patients with primary headache and 
normal neurologic exam 

* - 
PQRS 

419 
MIPS 
419** 

- - - 

Coagulation studies in patients with 
chest pain and no coagulopathy or 
bleeding 

- - - - ACEP 21 - - 
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Pharyngitis - Appropriate testing - - 
PQRS 

66 
MIPS 66 - - * 

Acute otitis externa - Avoid 
inappropriate use of systemic 
antimicrobial therapy 

- - 
PQRS 

93 
MIPS 93 - - NQF 0654 

Acute bronchitis - Avoidance of 
antibiotic treatment 

- - 
PQRS 

116 
MIPS 116 - - NQF 0058 

Adult sinusitis - Overuse of 
antibiotic prescribed for acute 
sinusitis 

- - 
PQRS 

331 
MIPS 
331** 

- 2014 - 

Adult sinusitis - Appropriate choice 
of antibiotic: amoxicillin with or 
without clavulanate prescribed for 
patients with acute bacterial 
sinusitis 

- - 
PQRS 
332 

MIPS 
332** 

- - - 

Adult sinusitis - Overuse of CT for 
acute sinusitis 

- - 
PQRS 
333 

MIPS 
333** 

- - - 

Uncomplicated skin and soft tissue 
abscesses - Avoid antibiotics and 
wound cultures after successful 
incision and drainage 

- - - - - 2013 - 

Pediatric dehydration - Avoid 
intravenous fluids before trial of oral 
rehydration therapy 

- - - - - 2013 - 

Effective clinical care 

STEMI - Fibrinolytic therapy within 
30 minutes of ED arrival 

OP-2 - - - - - * 

STEMI - Primary PCI within 90 
minutes of hospital arrival 

- AMI-8a - - - - * 

AMI - Aspirin at arrival OP-4 - - - - - * 

12-Lead ECG for non-traumatic 
chest pain 

- - PQRS 54 - - - * 

Anticoagulation for atrial fibrillation 
/ flutter 

- STK-03 
PQRS 
326 

MIPS 
326** 

- - NQF 1525 

Acute CVA (Cerebrovascular 
accident) - thrombolytic therapy 
(tPA) 

- STK-04 
PQRS 

187 
MIPS 
187** 

- - NQF 0437 

Acute CVA - Head CT or MRI 
(Magnetic Resonance Imaging) scan 
interpretation within 45 minutes of 
ED arrival 

OP-23 - - - - - NQF 0661 

Sepsis management (lactate level, 
blood cultures, antibiotics, 
intravenous fluids (IV) fluids, repeat 
lactate, lactate clearance ≥ 10%) 

- 37135 - - 
ACEP 26-

30, 48, 
QI01 

- NQF 0500 

Ultrasound determination of 
pregnancy location for pregnant 
patients with abdominal pain 

- - 
PQRS 
254 

MIPS 254 - - * 

Rh immunoglobulin (Rhogam) for 
Rh-negative pregnant women at risk 
for fetal blood exposure 

- - 
PQRS 

255 
MIPS 255 - - * 

Acute otitis externa - Topical therapy - - PQRS 91 MIPS 91 - - NQF 0653 
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Mental health - Adult major 
depressive disorder suicide risk 
assessment 

- - 
PQRS 

107 
MIPS 
107** 

- - NQF 0104e 

Mental health - pediatric psychosis 
screening for drugs of abuse 

- - - - - - NQF 2806 

Early involvement of palliative and 
hospice care services 

- - - - - 2013 - 

Community and population health 

High blood pressure screening and 
follow-up documented 

- - 
PQRS 

317 
MIPS 317 - - * 

Tobacco screening and cessation 
intervention 

- - 
PQRS 

226, 402 
MIPS 226, 

402 
ACEP 25 - NQF 0028 

Unhealthy alcohol use: screening 
and brief counseling 

- - 
PQRS 

431 
MIPS 431 - - NQF 2152 

Effective communication and care coordination 

Initiation and engagement of alcohol 
and other drug abuse or dependence 
treatment 

- - 
PQRS 
305 

MIPS 305 - - NQF 0004 

Patient safety 

Pregnancy test for female abdominal 
pain patients 

- - - - ACEP 24 - * 

Appropriate foley catheter use - - - - ACEP 31 2013 - 

Prevention of catheter-related 
bloodstream infections (crbsi): 
central venous catheter insertion 
protocol 

- - PQRS 76 MIPS 76** - - NQF 2726 

Wrong-patient retract-and-reorder 
measure 

- - 
PQRS 
2723 

- - - NQF 2723 

Care Plan - patents age ≥ 65 years 
with advanced care plan or surrogate 
decision maker documented 

- - PQRS 47 MIPS 47 - - NQF 0326 

Documentation of current 
medications in the medical record 

- - 
PQRS 

130 
MIPS 130 - - NQF 0419ee 

Closing the referral loops: receipt of 
specialist report 

- - 
PQRS 

374 
MIPS 374 - - - 

Left without being seen OP-22 - - - - - * 

Throughput (Time): Person and caregiver-centered experience and outcomes 

Median time from ED arrival to ED 
departure for admitted ED patients - ED-1 - - - - NQF 0495 

Admit decision Time to ED 
departure time for admitted patients - ED-2 - - - - NQF 0497 

Median time from ED arrival to ED 
departure for discharged ED 
patients 

OP-18 - - - 
ACEP 32-

47 
- NQF 0496 

Door to diagnostic evaluation by a 
qualified medical professional OP-20 - - - - - * 

Throughput (Time): Effective clinical care 

STEMI - median time to fibrinolysis OP-1 - - - - - * 

STEMI - median time to transfer to 
another facility for acute coronary 
intervention 

OP-3 - - - - - NQF 0290 
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AMI - median time to ECG OP-5 - - - - - * 

Acute Stroke - time to intravenous 
thrombolytic therapy 

- - - - - - NQF 1952 

Median time to pain management 
for long bone fracture 

OP-21 - - - - - * 

ABIM: American Board of Internal Medicine Foundation; ACEP: American College of Emergency Physicians; AMI: Acute Myocardial 

Infarction; CMS: Centers for Medicare and Medicaid Services; CT: Computed Tomography; ECG: Electrocardiogram; IQR: Hospital Inpatient 

Quality Reporting Program; MIPS: Merit-based Incentive Payment System; NQF: National Quality Forum; NQS: National Quality Strategy; 

OQR: Outpatient Quality Reporting Program; PCI: Percutaneous Coronary Intervention; PQRS: Physician Quality Reporting System; STEMI: 

ST-Elevation Myocardial Infarction 

* = Endorsement retired, ** = Not included in the MIPS Emergency Medicine Specialty Measures Set 

Of these broadly adopted metrics, the majority fall into the categories of Efficiency and Cost Reduction and 

Effective Clinical Care. Measures of Person and Caregiver-Centered Experience are largely limited to ED throughput 

measures related to elements of length of stay. There are relatively few existing ED measures for 

Community/Population Health and Effective Communication and Care Coordination. The majority of the Efficiency 

and Cost Reduction metrics are targets for decreasing low-value resource utilization, such as unnecessary advanced 

imaging and inappropriate antibiotics. No metrics are tied to specific costs of care in the ED setting, such as the costs 

of a defined episode of care. 

Federal Programs: The most widely adopted measures are those that are part of federal programs such as 

OQR/IQR and PQRS/MIPS. Notably, of the eleven OQR measures, only four are currently endorsed by NQF, while the 

other seven lost their endorsement between 2012 and 2017. Of the five IQR measures, four are currently endorsed by 

NQF, and one had its endorsement removed in 2016 [26,27]. 

Of the twenty-six PQRS measures, all but two were retained in the transition to MIPS (exceptions were performing 

a 12-lead electrocardiogram for non-traumatic chest pain and placing clinical orders on the incorrect patient). Nine of 

the MIPS measures listed in Table 1 are not included in the Emergency Medicine Specialty Measures Set, but are still 

listed here for their relevance to clinical practice in the ED. 

National Quality Forum Quality Positioning System: The NQF database catalogues eighteen endorsed 

measures as applicable to the ED care setting. The majority were not specifically attributable to performance of 

emergency physicians and did not meet our inclusion criteria. Table 1 includes NQF measures relevant to quality of 

emergency medical care, including several that are not listed under the ED care setting. Six measures are “time to event” 

measures, while eighteen measures had NQF endorsement revoked between 2012 and 2017, but nonetheless remain 

included in OQR/IQR, MIPS, and/or ACEP [26]. 

American College of Emergency Physicians: In 2016, ACEP launched the first specialty-wide clinical 

registry, the Clinical Emergency Department Registry (CEDR) as a CMS Qualified Clinical Data Registry [28]. Among 

its advantages is the flexibility to directly develop and test emergency medicine metrics in parallel to the process of 

obtaining NQF endorsement. Further, the CEDR can include non-Medicare patients in its reporting [29]. Many CEDR 

metrics are time and throughput-related. Other measures are distributed among reducing inappropriate use, providing 

effective clinical care, and improving patient safety. 

Choosing Wisely: Over 2013 and 2014, ACEP joined other specialties and published a set of ten 

recommendations as part of the Choosing Wisely Campaign, an ABIM initiative devoted to reducing unnecessary care. 

Half of these address inappropriate use of advanced imaging. The campaign does not include measurement or reporting 

of guideline adherence, although some aims reflect existing measures. Choosing Wisely recommendations from other 

specialties and professional societies are also applicable in emergency settings. For example, the American College of 

Surgeons’ Choosing Wisely recommendations include avoidance of “whole-body” diagnostic computed tomography 
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(CT) scanning in patients with minor or single system trauma or use of CT for the evaluation of suspected appendicitis 

in children until after ultrasound has been considered as an option [30]. However, recommendations from other 

specialties have not necessarily been endorsed by ACEP [31]. 

Interventions for Physician Performance Improvement 

Results of Literature Scan: There were 42 interventional studies excluded—31 interventions included 

organizational components not easily attributable to individual physicians, and 11 of the remaining 85 interventional 

studies did not report statistics that could be abstracted. Eleven studies studies demonstrated negative outcomes, 

defined as no improvement (or paradoxical worsening) in performance on the target measure. Among the remaining 

positive outcome studies, 4 included p values of 0.04 or higher. The distribution of results suggests there may be some 

publication or submission bias [32]. 

Our analysis of interventional studies targeting physician performance also revealed gaps. The literature on 

evidence-based ED interventions targeted at programmatically recognized performance measures is limited (Table 2). 

There were very few randomized controlled trials, and the majority of papers used a pre-post design to evaluate trends 

in the metric before and after implementing a guideline or pathway without an external comparator cohort. Similar to 

prior reports [23], studies provided little detail on the content and intensity of the intervention. 

Table 2: Emergency department performance interventions for national quality measures 

Performance Metric Measure Set 
Number 
of Sites 

RCT Education 
Clinical Decision 
Support and EHR 
User Experience 

Audit and 
Feedback 

Reference 

Efficiency & Cost Reduction 

Imaging of head in trauma 
PQRS, MIPS, 

ACEP, CW 

13  ⬤ ⬤  [33] 

1   ⬤  [34] 

5   ⬤  [35] 

1  ⬤ ⬤ ⬤ [36] 

Imaging of cervical spine 
in trauma 

None* 

1  ⬤   [37] (-) 

1  ⬤   [38] 

1  ⬤   [39] 

1  ⬤ ⬤  [40] 

12 + ⬤ ⬤  [41] 

5   ⬤  [35] 

Imaging for pulmonary 
embolism 

ACEP, CW 

1  ⬤ ⬤ ⬤ [42] 

1   ⬤  [43] 

1   ⬤  [44] 

5   ⬤  [35] 

4 +  ⬤  [45] 

1 +   ⬤ [46] 

Imaging of head in syncope CW 1   ⬤  [47] (-) 

Imaging for recurrent renal 
colic 

ACEP, CW 2  ⬤   [48] 

Imaging for low back pain 
OQR, PQRS, 
MIPS, CW 

1  ⬤   [49] (-) 

1  ⬤ ⬤  [50] 

1   ⬤  [51] 

Avoiding antibiotics for 
acute bronchitis 

PQRS, MIPS, 
NQF 

16  ⬤  ⬤ [52] 
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Avoiding IV before trial of 
oral rehydration in 
pediatric dehydration 

CW 
2    ⬤ [53] 

1    ⬤ [54] 

Effective Clinical Care 

STEMI - Fibrinolytic 
therapy within 30 minutes 
of ED arrival 

OQR 

28 +  ⬤  [55] 

6 + ⬤  ⬤ [56] (-) 

1    ⬤ [57] 

1    ⬤ [58] 

STEMI - Primary PCI 
within 90 minutes of 
hospital arrival 

IQR 1    ⬤ [59] 

Sepsis 
IQR, NQF, 

ACEP 

1  ⬤  ⬤ [60] 

1   ⬤  [61] 

1   ⬤  [62] (-) 

1    ⬤ [63] 

Suicide risk assessment 
PQRS, MIPS, 

NQF 
1  ⬤   [64] 

Early palliative & hospice 
care services 

CW 1  ⬤   [65] 

Community and population health 

Tobacco screening & 
cessation intervention 

PQRS, MIPS, 
NQF, ACEP 

2  ⬤  ⬤ [66] 

Patient safety 

 

Reducing opioid 
prescriptions 

None* 

1  ⬤   [67] 

2   ⬤  [68] 

7    ⬤ [69] 

Throughput (Time): Person and caregiver-centered experience and outcomes 

ED length of stay 
OQR, IQR, 
NQF, ACEP 

1    ⬤ [70] 

2    ⬤ [71] 

ACEP: American College of Emergency Physicians; CT: Computed Tomography; CW: ABIM/ACEP Choosing Wisely ; ECG: 

Electrocardiogram; ED: Emergency Department; EHR: Electronic Health Record; IQR: Hospital Inpatient Quality Reporting Program; 

MIPS: Merit-based Incentive Payment System; NQF: National Quality Forum; OQR: Outpatient Quality Reporting Program; PCI: 

Percutaneous Coronary Intervention; PQRS: Physician Quality Reporting System ; RCT: Randomized Control Trial; STEMI: ST-Elevation 

Myocardial Infarction 

* = Not currently a national measure but a demonstrated or emerging area of high interest 

(-) = Negative outcome study 

Interventions Targeting National Quality Measures: Of the nearly 50 metrics commonly adopted and 

reported on a national level, only 14 metrics have been studied in published quality improvement interventions. Only 

five studies were randomized controlled trials (RCTs) [45,46,52,55,56]. A sixth RCT looked at cervical spine imaging 

[41], which is not included among the national sets of measures. 

Interventions for Other Quality Measures: Beyond the common national measures, studies have evaluated 

interventions in a range of other ED quality areas. In addition to cervical spine imaging in trauma [72], other process 

areas include: clinical care for specific conditions, such as diabetic ketoacidosis [73], sickle cell anemia [74], transient 

ischemic attack [75], acute pain management [76,77], pediatric asthma [78,79], and migraines [80]; resource 

utilization, such as aggregate rates of CT and/or MRI use [81,82], laboratory studies [83], or appropriate antibiotic 

prescribing [84]; patient safety indicators [85,86]; and patient experience reports [87]. 

Types of Interventions: ED-based interventions largely fall into one of three categories: provider education, 

electronic health record (EHR) based clinical decision support (CDS) and user experience, and audit and feedback. 

Education most frequently involved formal endorsement of practice guidelines by a department, as well as other 
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methods, such as teaching sessions [36,41,42,52,88], letters/emails [36,42], pocket cards [41], workplace signage 

[36,41], and online learning modules [33]. CDS has primarily focused on radiology ordering guidelines. Given the 

discrete criteria that comprise many clinical decision rules, such as the Canadian Head CT rule, the Canadian/NEXUS 

cervical spine rules, and the PERC/Wells criteria for pulmonary embolism, CDS studies have focused on facilitating 

customized user prompts to curtail overutilization [89]. Other EHR-based interventions involve thoughtful choice 

architecture through redesigns of the ordering interface, such as by removing certain orders, repositioning certain 

options relative to another, or changing default settings [68,88]. Audit and feedback studies have utilized group- and 

individual-level feedback, as well as private [36,46,53,54,82] and public [69,71,88] reporting. 

Discussion 

Efforts to measure ED quality continue to evolve from its early stages, which focused on a small set of conditions 

and timeliness measures, such as waiting times and length-of-stay. Perhaps owing to both the wide variety of quality 

metrics and the lack of standardized integration with efforts in clinical guideline development and policy 

implementation, we did not identify any systematic reviews. Given the heterogeneity of metrics, we focused on the most 

highly adopted national guidelines, which come from CMS, NQF, and Choosing Wisely (Table 1). Adherence to these 

guidelines is variable, as there is frequent discordance between actual and recommended physician practice [90-97]. 

This study is not intended to be a systematic review or meta-analysis; rather it provides an early look into emerging 

evidence on programmatic performance measurement and improvement strategies. We do not review the predictive 

validity of measures with outcomes or the quality of underlying evidence. While the NQF process of measure 

maintenance has resulted in withdrawal of endorsement for some measures based on poor association with outcomes 

or specificity concerns, measures with limitations may still be included in programs. We intentionally excluded metrics 

that characterize organizational or community-level factors that are unlikely to reform in short periods of time. We 

focus on metrics that can be primarily attributed to physician performance. As such, several important measures and 

interventions are not included. 

Our review reveals four fundamental gaps that challenge the future of improving quality of emergency care. 

Poor processes of measure validation threaten provider trust in measurement 

The evolution of ED metrics has not been without growing pains, as not all adopted measures have proved equally 

successful. A small number of measures have been removed because of high guideline concordance as a result of 

national quality improvement and decreasing marginal gains compared to cost for continued measurement. An 

example is giving aspirin on arrival for patients with AMI [25]. However, these instances have been overshadowed by 

failed measures and some are subject to documentation variations that may not improve outcomes. 

A commonly noted example is Pneumonia PN-5b, an NQF-endorsed CMS measure to prompt the administration 

of antibiotics within four hours of hospital arrival for patients admitted with pneumonia. Following the voices of 

resistance among ED providers who were skeptical of the evidence, the measure proved its unintended consequences 

of “overtriage” for potential pneumonia in patients who then received antibiotics that were ultimately not appropriate 

[29,98,99]. Another example is OP-15, a CMS utilization measure intended to reduce CT imaging for atraumatic 

headache. In independent, peer-reviewed evaluation, such a claims-based measure did not prove reliable, valid, or 

accurate, as the administrative coding in claims did not capture documented exclusion criteria for patients with clear 

indications for imaging [29,98,100]. 

Ultimately, both measures were retired. PN-5b showed poor process-outcome relationships and suffered from 

expert committee judgment outweighing inconsistent evidence [101]. Meanwhile, OP-15 demonstrated the 

consequences of foregoing measure reliability testing before implementation and of missing important exclusion 
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criteria. Both have been criticized for a development and implementation process that occurred without broad input 

from the emergency medicine community [29]. More recently, the creation of CMS SEP-1 measures for sepsis care has 

stirred similar debate. Practitioners have raised concerns with the ambiguous definition and often heterogeneous 

presentation of sepsis, prescriptive fluid volume requirements and their potential for unintended patient harm, and 

burden of data collection from the complex abstraction logic required for chart review [102-104]. NQF endorsement 

nominally requires that measures meet standards of feasibility, predictive validity, scientific validity, and importance. 

More extensive multi-site testing of metrics for both feasibility and predictive validity with outcomes will be necessary 

to ensure acceptance. 

Capturing the complexity of emergency medicine is difficult 

Beyond specific data source issues such as with the claims-based OP-15, the accurate measurement of quality and 

individual provider performance faces complexities that are magnified in emergency medicine. First, the majority of 

ED care is based on diagnosing and treating a patient’s symptoms, rather than the longitudinal treatment of a specific 

disease. There are few measures based on the most common complaints of ED patients, and there has been little 

research into the accuracy of those that do exist [105,106]. This major hurdle helps to explain why we do not have better 

strategies for improving efficiency of diagnostic testing and why we have no measures that reflect national patient-

centered priorities, such as misdiagnosis [12]. 

Second, national bodies initially adopted process measures that reflect adherence to guidelines. Outcome 

measures, such as readmission, mortality, and patient satisfaction, are stated priorities. However, timely outcome data 

are difficult to obtain in the US’s non-integrated health and health information systems. Furthermore, methods of risk 

adjustment are imperfect, and attributing a patient’s outcome to a specific encounter is challenging. Additionally, due 

to the nature of ED care being team-based and involving numerous providers spanning prehospital, ED, and inpatient 

settings, it can be difficult to determine the appropriate unit of attribution [12,13,107]. 

Existing metrics are limited in consistency, aim, and scope 

Reflective of the continuously changing landscape of defining metrics, measure endorsement lacks consistency 

across national entities. Few measures are included entirely across national programs. For example, it is notable that 

none of the ten Choosing Wisely recommendations currently have corresponding measures with NQF endorsement 

(three were previously removed). Only three Choosing Wisely recommendations have corresponding MIPS measures, 

and four are not found among any of the other measure sets (Table 1). ACEP may be beginning to address alignment, 

with CEDR’s goal of mirroring metrics required by MACRA. 

Perhaps even more strikingly, the national measures do not squarely hit the stated priority areas in the NQS. A 

metric may be well-designed and thoughtfully implemented, but a lack of alignment with priority areas is problematic. 

Our results show that Efficiency and Cost Reduction may see advancements, but other areas such as the role of the 

emergency physician in Community and Population Health and Effective Communication and Care Coordination may 

continue to be neglected. This may be indicative of measure feasibility issues; a tendency to ‘look for keys under the 

lamppost’ of administrative data that is already routinely collected rather than addressing costs associated with data 

collection or coordination. 

Fundamentally, we must ask if we are directing our focus to the right areas. A recent study suggested that only 37% 

of the 86 MIPS/QPP measures relevant to ambulatory general internal medicine are valid [108]. This finding holds face 

validity in emergency medicine. 

Furthermore, the metrics that are publicly reported and rewarded do not cover the scope of emergency medicine 

practice. Many clinical practice guidelines and consensus recommendations to improve care have not yet been 

translated into metrics. Examples include geriatric care [109], patient safety through improving provider 
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communication and standardizing care handoffs [25,110], and other elements of emergency care. Several studies have 

demonstrated disparities and the possible role of implicit bias in the quality of emergency care [111-115], yet few 

programs monitor this systematically. We are not assessing critical aspects of access to care, diagnosis, and treatment. 

Others have made an argument that performance measures for high value ED care should be aligned with the needs of 

the community, including timely access, emergency preparedness, and cost [12,18]. 

Few high-quality intervention studies exist to guide performance improvement 

For the metrics that have been prioritized for measurement and payment, the limited number of studies meeting 

Grade A standards of evidence prevent conclusions about how best to improve performance [116]. In our scan, we found 

studies evaluating physician-level interventions for only 14 of the nearly 50 national measures. Part of this limitation 

may stem from a large proportion of improvement efforts falling into local, unpublished ED quality improvement 

initiatives. Most studies are single-center designs, and randomized controlled studies are infrequent. 

Many interventions relied primarily on provider education, but practice guidelines alone have limited effect on 

changing physician behaviour [117]. Some studies did attempt to identify barriers to guideline adherence in designing 

interventions, but rarely was the intervention explicitly based on theories in decision science or behavioral change, such 

as the Theory of Planned Behavior, which has been proposed as a good model to understand physician behaviour [118]. 

However, observational studies and quasi-experimental designs demonstrate promising possibilities [68]. This leaves 

open the possibility for developing a research program that can systematically evaluate quality improvement strategies 

that take these complexities into account. 

Emerging research areas in ED-based performance interventions 

One new area of interest is the use of interventions to reduce the quantity of opioid prescriptions from the ED and 

strengthen referrals for substance use disorders and alternative pain management. Delgado et al. took advantage of 

EHR order system changes to study the effect of choice architecture on prescription quantities [68]. Burton et al. used 

individual audit and feedback with sharing of peer prescribing rates to demonstrate reductions in opioid prescribing 

variability and overall frequency and quantity [69]. New guidelines and metrics for opioid stewardship [119], 

management of overdose and substance use disorder [120,121], and alternative pain management therapies focused on 

the ED setting [122] are available. The effects of such interventions on patient outcomes are yet to be studied at length. 

In our sample of studies and others’, most successful interventions appear to combine strategies, incorporating 

elements of education, CDS, and feedback, as well as other deliberate efforts such as clinical leadership endorsement 

to facilitate a change in culture [33,46,88,123,124]. 

Future Areas of Study 

There is a need for rigorous investigations of quality improvement strategies. Intervention designs should 

incorporate or be assessed for consistency with theoretical principles of decision science and adhere to study pre-

registration guidelines. Numerous commentaries have pointed to the ED setting as an opportunity to study cognitive 

factors [125,126], however few studies test these theories. 

Reproducible phenomena, such as cognitive load and decision fatigue [127,128], may serve as occasions to 

intervene with preventative as well as persuasive strategies to improve care. Well-framed feedback may help nudge 

emergency physicians default decisions to be more consistent with best practices. Meanwhile, large-scale natural 

experiments may be occurring as a result of policies intended to limit unnecessary utilization. Resourceful use of 

diagnostics can conserve more than the time and costs associated with testing. 

Avoiding the cognitive load of result anticipation and interpretation may help conserve cognitive resources for 

critical prognostic and diagnostic judgements. Interventions that optimize performance of individuals and teams may 
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take these considerations into account. As an increasing number of pay-for-performance contracts based on quality 

metrics are developed, these occasions for rigorous evaluation can help inform what strategies are effective in a complex 

discipline. 

In this context, the CEDR may offer a number of opportunities. First, it represents a platform to coordinate more 

systematic evaluations of performance metrics that will help improve their validity and utility. CEDR may also help 

provide contemporaneous benchmarking for studies that strengthen single-site or small trials with pre-post designs. 

Additionally, CEDR may improve the feasibility of pragmatic multisite interventional studies, in particular studies of 

interventions that incorporate feedback. 

Limitations 

The focused nature of this review limits the metrics to those that have been endorsed and are part of existing 

programs in the US. By narrowing the intervention search, we did not include performance improvement studies 

targeting metrics beyond the scope of our review. 

Conclusions 

The current state of performance measurement and improvement in the ED setting offers many prospects for 

contributions. Measurement strategy would benefit from refinement and re-alignment with NQS goals. This applies to 

(a) how priority guideline and outcome concepts are selected for measurement, (b) how national programs and 

initiatives are coordinated, and (c) how individual measures, once selected, are specified, operationalized, and tested 

to ensure that they are relevant, feasible, and valid indicators. There are a limited number of studies of approaches to 

improve performance on programmatic measures in the ED setting. Imaging metrics comprise more than half of the 

peer-reviewed studies, most involving one or more elements of education, CDS, and feedback. 

Interventions, particularly those aimed at curbing utilization, must guard against unintended consequences such 

as accountability shuffling, missed diagnoses, and undertreatment. Measurement fatigue and resource consumption 

are real concerns [129] and must be balanced with a thoughtful approach to supporting frontline ED practitioners in 

improving the quality of outcomes. 
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