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IMPORTANCE Emergency department (ED) visits are common and increasing. Whether

outcomes associated with care in the ED are improving over time is largely unknown to date.

OBJECTIVE To examine trends in 30-daymortality rates associated with ED care among

Medicare beneficiaries aged 65 years or older.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study used a random 5% sample in

2009 and 2010 and a 20% sample from 2011 to 2016, for a total of 15 416 385 ED visits from

2009 to 2016 amongMedicare beneficiaries aged 65 years or older.

EXPOSURES Time (year) as a continuous variable.

MAIN OUTCOMES ANDMEASURES The primary outcomewas 30-daymortality, overall and

stratified by illness severity and hospital characteristics. Secondary outcomes included

mortality rates on the day of the ED visit (day 0) as well as at 7 and 14 days. Changes in

disposition from the ED (admission, observation, transfer, died in the ED, and discharged)

over time were also examined.

RESULTS The sample included 15 416 385 ED visits (60.8%women and 39.2%men; mean

[SD] age, 78.6 [8.5] years) at 4828 acute care hospitals. The percentage of patients

discharged from the ED increased from 53.6% in 2009 to 56.7% in 2016. Unadjusted 30-day

mortality declined from 5.1% in 2009 to 4.6% in 2016 (−0.068% per year; 95% CI, −0.074%

to −0.063% per year; P < .001). After adjusting for hospital random effects, patient

demographics, and chronic conditions, the adjusted 30-daymortality trend was −0.198% per

year (95% CI, −0.204% to −0.193% per year; P < .001). Themagnitude of this trend was

greatest for patients with a high severity of illness (−0.662%; 95% CI, −0.681% to −0.644%;

P < .001), followed by those with a medium severity of illness (−0.103% per year; 95% CI,

−0.108% to −0.097% per year; P < .001) and those with a low severity of illness (−0.009%

per year; 95% CI, −0.006% to −0.011% per year; P < .001). Declines in mortality were seen in

each category of ED disposition, including visits resulting in admission (−0.356% per year;

95% CI, −0.368% to −0.343% per year; P < .001) as well as those resulting in discharge

(−0.059% per year; 95% CI, −0.064% to −0.055% per year; P < .001). The decline was

greater for major teaching hospitals (compared with nonteaching hospitals), nonprofit

hospitals (compared with for-profit hospitals), and urban hospitals (compared with rural

hospitals).

CONCLUSIONS AND RELEVANCE AmongMedicare beneficiaries receiving ED care in the United

States, mortality within 30 days of an ED visit appears to have declined in recent years,

particularly for patients with the highest severity of illness, even as fewer patients are being

admitted from an ED visit. This study’s findings suggest that further study is needed to

understand the reasons for this decline and why certain types of hospitals are seeing greater

improvements in outcomes.
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A
s policymakershave focusedon improvinghealth care

value, there has been increasing attention to emer-

gencydepartment (ED) care,which is often thought to

be high cost and of variable quality.1,2 Yet despite rising ED

costs3,4 and efforts to encourage alternative sources of acute

care, 1 in 5 US citizens visits an ED annually,5 a number that

has continued to increase.2,6,7 However, alongside rising ED

use has been a national trend toward admitting fewer pa-

tients fromtheED,4,8as alternativepaymentmodelshavepro-

liferatedandhospital capacityhasdeclined.9However, the as-

sociationof these trendswith clinical outcomes is unclear and

there has been concern that these trends may lead to patient

harm.10

In this context, examining outcomes for ED care is cru-

cial. If patients are being inappropriately discharged, onemay

expectEDmortality rates to increase.Furthermore, if the stan-

dards for admission from the EDhave become stricter, hospi-

talized patients may be sicker, leading to higher observed in-

patientmortality.Althoughtherehasbeensubstantialattention

to ED costs, critical issues regarding ED outcomes remain

largely unexamined. Given that EDs serve as the source for

most unscheduled hospitalizations11 and an important site of

unscheduled outpatient care,12 evidence on trends in emer-

gency care is needed.

Therefore, we used national Medicare data from 2009 to

2016 to examine the following 3 questions. First, how have

rates of 30-daymortality changedover time forMedicare ben-

eficiaries visiting the ED and have these trends varied by pa-

tientdisposition?Second,have these trends inmortality, if any,

been observed across the spectrum of patient severity?

Finally, have these trends been greater for particular hospital

types?

Methods

Data Source

We identified ED visits for a random 5% sample of Medicare

beneficiaries in 2009 and 2010 and a 20% sample from 2011

to 2016 (eAppendix in the Supplement). We obtained benefi-

ciarycharacteristics anddeathdates fromthedenominator file

andhospital characteristics from the 2014AmericanHospital

Association annual survey and Medicare Impact File. We ex-

cludedEDvisits to nonacute care hospitals, federal hospitals,

those lackingAmericanHospital Association surveydata, and

those outside of the 50 US states and the District of Colum-

bia. TheOffice ofHumanResearchAdministration at theHar-

vard T.H. Chan School of Public Health approved this study,

and no written informed consent was required owing to dei-

dentified patients.

EDVisits

For each visit, we assigned one of the following mutually ex-

clusive dispositions (eAppendix in the Supplement): admit-

ted, observation, transferred to another hospital, died in the

ED, anddischarged.Weclassified theprincipaldiagnosisusing

theHealthcareCost andUtilizationProject Clinical Classifica-

tion Software diagnosis categories. We limited our primary

analysis to the 40most frequent categories (74.8% of visits).

We identified hospital size, geographical region, urban or ru-

ral location, teaching status (majorvsminorvsnonteaching),13

andownership (forprofit, privatenonprofit, governmentnon-

federal, and government federal). We designated hospitals

in the top quartile of the disproportionate share index as

safety-net hospitals,14 while the remaining were considered

non–safety-net hospitals.

Patients

Beneficiaries aged 65 years or older and continuously

enrolled in fee-for-service Medicare were included and their

age, sex, race/ethnicity (based on beneficiary self-report),15

and Medicaid enrollment were identified. Chronic condi-

tions (Hierarchical Condition Categories [HCCs]) were

defined using Centers for Medicare & Medicaid Services soft-

ware based on conditions coded on claims in the same year,

using only the first 9 coded diagnoses.16

Outcomes

The primary outcomewasmortality within 30 days of the ED

visit. We also examined mortality rates on days 0 (the day of

the ED visit), 7, and 14.

Statistical Analysis

Time Trends in EDDisposition

We calculated raw annual rates of admission, observation,

transfer, in-ED death, and discharge from the ED. We calcu-

lated the adjusted rates (aggregating admitted and trans-

ferred patients into a single category) using a linear probabil-

ity model with disposition category as the outcome and year

as thepredictor, adjusting forhospital randomeffects, visit di-

agnosis, and patient age, sex, race/ethnicity,Medicaid enroll-

ment, and chronic conditions. Linear rather than logistic re-

gression was chosen because absolute mortality reductions

were consideredmore interpretable and policy relevant than

were reductionsonarelative-oddsscale.AllPvalueswere from

2-sided tests and results were deemed statistically signifi-

cant at P < .05.

Our mainmodel examinedmortality rates for all visits in

aggregate rather than stratifying by disposition for 2 reasons.

The first was to reduce the likelihood that mortality trends

within each disposition category were simply a reflection of

Key Points

Question How hasmortality changed over time amongMedicare

beneficiaries seeking emergency department care?

Findings In a cross-sectional study of more than 15 million

emergency department visits from 2009 to 2016 amongMedicare

beneficiaries, there was a significant decline in mortality rates

during or after an emergency department visit. This decline was

greatest for patients with a high severity of illness compared with

those with a medium severity or low severity of illness.

Meaning Mortality rates during or after an emergency

department visit appear to have declined for Medicare

beneficiaries in recent years, particularly for the sickest patients.

Trends in Mortality for Medicare Beneficiaries Treated in the Emergency Department From 2009 to 2016 Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine January 2020 Volume 180, Number 1 81

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 08/21/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.4866?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.4866
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamainternmed.2019.4866?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.4866
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2019.4866


the shift of patients across categories over time (eg, the aver-

age severity of admitted patientsmayhave increased asmore

patients shifted to observation or were discharged). The sec-

ond reason was to reflect tradeoffs inherent in the disposi-

tiondecision that occurs for all EDpatients, not just thosewho

aredischarged.TheEDphysicianmustbalance thecostofhos-

pitalization (to thepatient and thehealth care system) against

the risk that the patient will become sicker if discharged. We

thus thought itwaspreferable toexamineoutcomesacross the

broader population of ED patients for whom this decision is

made.

Time Trends in 30-Day ED Visit Mortality

We calculated yearly unadjusted 30-day mortality rates. To

determine the unadjusted time trend, we specified a linear

probability model with mortality as the outcome and year as

the linear predictor. Our subsequent model further incorpo-

rated hospital random effects to account for patient cluster-

ing, principal diagnosis to account for trends in the present-

ing conditions, and patient age, sex, Medicaid enrollment,

and race/ethnicity as covariates. The final model further

incorporated chronic conditions. To examine the degree to

which mortality trends were driven by within-hospital

changes vs shifting the site of care, we repeated the model

for 30-day mortality, incorporating hospital fixed effects

instead of random effects.

Time Trends in 30-DayMortality Stratified by Patient Disposition

Next,we examinedmortality trends stratified by disposition.

We calculated raw yearly rates for each disposition category.

We specified linear probabilitymodels with 30-daymortality

as the outcome and year as the predictor, adjusting for hospi-

tal random effects, diagnosis, patient demographics, and

chronic conditions. We did this separately for each disposi-

tion category.

Time Trends by Visit Severity

Visit severity was defined by predicted 30-day mortality, de-

rived from a logistic regressionmodel using 2009-2010 data,

with 30-daymortality as the outcome and visit diagnosis, pa-

tientcharacteristics,andchronicconditionsaspredictors,while

adjusting forhospital randomeffects.Thecoefficients for each

predictor were applied to visits in all years to calculate a pre-

dictedmortality rate for each visit. Visits in the top quartile of

predictedmortalitywere consideredhigh severity, visits in the

middle 50% of predictedmortality were consideredmedium

severity, and visits in the bottom quartile of predicted mor-

talitywere considered low severity. To calculate trends in 30-

day mortality within each severity category, we specified a

linear probability model separately for each category with

30-day mortality as the outcome, adjusting for hospital ran-

dom effects, patient characteristics, and chronic conditions.

Time Trends by Hospital Characteristics

Toexamine if themortality trendsweregreater forcertain types

ofhospitals,weseparately added in the following toourmodel

for adjusted 30-day mortality: hospital size, region, teaching

status, profit status, safety-net status, urban or rural location

andan interaction termbetweenyear and the respective char-

acteristic.

Sensitivity Analyses

We examined mortality on the day of the ED visit, as well as

at 7 and 14 days.We also examined high-severity visits strati-

fied by ED disposition. We performed logistic regression for

time trends in adjusted 30-day mortality overall and strati-

fied by patient severity. We repeated our main model for 30-

day mortality further incorporating an indicator variable for

each year of age from 65 to 70 years in addition to including

age as a continuous covariate.We examined 30-daymortality

trends stratified by visits among beneficiaries aged 65 to 74

years vs those aged 75 years or older.We examined all ED vis-

its using broader diagnosis categories (eAppendix in the

Supplement).4,17,18 Furthermore, to address the concern that

our findings may be explained by changing severity of pa-

tients’ conditions, we calculated annual mean predicted 30-

day mortality and quantified the decline in severity of a pa-

tient’sconditionthatwouldberequiredtoexplainourobserved

time trends (eAppendix in the Supplement).

Results

Hospital and Patient Characteristics

Therewere 15416385EDvisits inour sampleof4828EDs.Key

patient, hospital, and visit characteristics are presented in

Table 1. We excluded 609304 of 20672 162 (3.0%) visits be-

cause of amissing or nonclassifiable principal diagnosis code.

The unadjusted ED rate for the 40 most frequent conditions

increased from 360 visits per 1000Medicare beneficiaries in

2009 to 367 visits per 1000 beneficiaries in 2016 (eTable 1 in

the Supplement).

Trends in Disposition From the ED

The unadjusted admission rate declined from 39.1% of visits

in 2009 to 32.7% in 2016 (Figure 1; eTable 1 in the Supple-

ment), while the percentage of ED visits ending in observa-

tion increased from 5.5% in 2009 to 8.6% in 2016. The per-

centage of transfers increased from 1.7% in 2009 to 1.9% in

2016, while rates of in-ED death decreased from 0.11% to

0.07%. The percentage of ED visits ending in discharge in-

creased from 53.6% in 2009 to 56.7% in 2016. Adjusted dis-

position trends are presented in eTable 2 in the Supplement.

The adjusted rate of EDdischarge increasedby0.63%per year

(95% CI, 0.62%-0.64% per year; P < .001).

Trends in 30-DayMortality for ED Visits

Unadjusted 30-day mortality declined from 5.1% in 2009 to

4.6%in2016 (eTable3 in theSupplement),or−0.068%peryear

(95% CI, −0.074% to −0.063% per year; P < .001; eTable 4 in

theSupplement).This trendwassimilar after adjusting forhos-

pital randomeffects, visit diagnosis, and patient demograph-

ics (−0.064%per year; 95%CI, −0.069%to−0.059%per year;

P < .001; eAppendix in the Supplement). After adjusting for

chronic conditions, we found that the time trend for mortal-

ity was −0.198% per year (95% CI, −0.204% to −0.193% per
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Table 1. Patient and Hospital Characteristics for ED Visits AmongMedicare Beneficiaries From 2009 to 2016a

Patient Characteristics

% of Medicare Beneficiaries

2009b 2016 All Visits

Age, mean (SD), y 78.7 (8.3) 78.2 (8.6) 78.6 (8.5)

Age category, y

65-69 17.2 20.0 18.5

70-74 17.9 19.6 18.5

75-79 18.2 17.9 17.8

80-84 19.5 16.5 17.7

≥85 27.3 26.1 27.5

Female sex 61.1 59.2 60.8

Race/ethnicity

White 85.2 84.4 84.8

Black 10.2 10.5 10.4

Hispanic 2.0 1.9 1.9

Other 2.6 3.2 2.9

Medicaid eligible 23.1 21.7 22.4

Comorbidity

Specified heart arrythmias 28.3 30.9 29.6

Congestive heart failure 32.2 31.1 31.1

Chronic obstructive pulmonary disease 27.1 26.1 26.2

End-stage renal disease 2.5 3.6 2.9

Major depressive disorder, bipolar disorder,
and paranoid disorder

3.3 4.3 3.6

Principal diagnosis category (5 most frequent)

Chest pain 8.1 7.3 7.6

Other low respiratory tract disease 6.5 6.3 6.6

Superficial injuries 5.0 4.7 4.7

Abdominal pain 4.8 4.5 4.8

Urinary tract infections 4.2 4.8 4.5

Hospital Characteristics, % of ED Visits

No. of ED Visits 2 246 792 2 465 210 15 416 385

Region

Northeast 18.8 17.9 18.3

Midwest 25.0 23.0 23.8

South 40.3 41.3 41.2

West 15.9 17.8 16.7

Size (No. of beds)

Small (1-99) 19.7 19.5 19.7

Medium (100-399) 54.7 54.3 54.4

Large (≥400) 25.6 26.2 25.9

Profit status

Nonprofit 72.4 72.4 72.4

For profit 14.8 14.6 14.7

Government, nonfederal 12.9 13.0 12.9

Teaching status

Major 11.3 11.9 11.5

Minor 32.5 32.2 32.2

None 56.2 55.9 56.3

Rural hospital 7.9 7.1 7.5

Safety-net hospital 18.6 18.4 18.6

a AmongMedicare beneficiaries aged

65 years or older enrolled in

traditional Medicare to the

emergency department (ED) at

US acute care hospitals in

2009-2016.

bA 5% random sample of Medicare

beneficiaries was available for

2009, with 561 698 ED visits for the

top 40 condition categories in our

sample. The projected sample size

for a 20% sample is presented for

ease of comparison.
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year; P < .001; eTable 4 in the Supplement). The adjusted 30-

daymortality rate declined from5.7% in2009 to4.4% in2016

(Figure 2). Our findings were similar after incorporating hos-

pital fixed effects (−0.198% per year; 95% CI, −0.203% to

−0.193%peryear;P < .001), suggestingthat theobservedtrends

weredrivenbywithin-EDorwithin-hospital reductions inmor-

tality rather than changing sites of care.

Trends in 30-DayMortality for ED Visits

Stratified by Patient Disposition

For admitted patients, unadjusted mortality increased from

9.5% in 2009 to 9.9% in 2016 (0.079% per year; 95% CI,

0.067%-0.092% per year; P < .001; eTables 5 and 6 in the

Supplement). However, after adjusting for patient character-

istics only, there was a significant decrease in 30-daymortal-

ity (−0.033% per year; 95%CI, −0.046% to −0.021% per year;

P < .001), which was even greater after further adjusting for

chronic conditions (−0.356% per year; 95% CI, −0.368% to

−0.343% per year; P < .001; Figure 2; eTable 6 in the Supple-

ment).Asimilarpatternwasobserved forvisits ending in trans-

fer and observation. Among discharged patients, there was a

decrease across allmodels examined (−0.059%per year in the

finalmodel; 95%CI, −0.064% to −0.055%per year;P < .001).

Trends in 30-DayMortality for ED Visits

Stratified by Severity

The model for predicted 30-day mortality had a C statistic of

0.85. The 30-day mortality threshold for defining high-

severity visits was 5.1% or greater and the threshold for low-

severity visits was less than 1.1%. There was a decline in ad-

justed 30-day mortality of −0.662% per year (95% CI, −0.681

to −0.644per year;P < .001;Figure 3) for high-severity visits,

while medium-severity visits (−0.103% per year; 95% CI,

−0.108% to −0.097%per year; P < .001) and low-severity vis-

its (−0.009%per year; 95%CI, −0.006% to −0.011% per year;

P < .001) also saw reductions in adjusted 30-day mortality.

Trends in 30-DayMortality for ED Visits by Hospital

Characteristics

We excluded 175629 visits (1.1%) with missing hospital char-

acteristics from this analysis. Although decreases in 30-day

mortality were observed for all hospital types (Table 2), the

magnitudeof thedecreasewasgreater formajor teachinghos-

pitals (comparedwith nonteaching hospitals), nonprofit hos-

pitals (compared with for-profit hospitals), and urban hospi-

tals (compared with rural hospitals).

Sensitivity Analyses

Wealso observed statistically significant decreases inmortal-

ity on the day of the ED visit, as well as at 7 and 14 days in all

models examined (eTable 4 in the Supplement) and across all

disposition categories for high-severity visits (eTable 7 in the

Supplement). Our findings were similar when examining all

ED visits (eTables 8 and 9 in the Supplement), when further

adjusting for age and stratifying by age category (eTable 8 in

theSupplement), andwhenusing logistic regression (eTable 10

in the Supplement). Time trends by diagnosis are presented

in eTable 11 in the Supplement. Predicted 30-daymortality in-

creased from 5.2% in 2009 to 6.1% in 2016 (eTable 12 in the

Supplement).ThemeanHCCscore increased from1.96 in2009

to 2.14 in 2016 (9.6% increase). When we repeated our mod-

els maintaining HCC scores at 2009 levels, our decline in 30-

daymortality remained statistically significant. Itwasnot un-

Figure 2. Adjusted 30-DayMortality Rates AmongMedicare

Beneficiaries Treated in US Emergency Departments (EDs) Overall

asWell as Stratified by Disposition
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ED at an acute care hospital in the 50 United States and the District of Columbia

were assigned a disposition from the ED according to the followingmutually

exclusive hierarchy of categories: admitted (inpatient ED visit), observation

(outpatient ED visit with an associated observation claim), died in the ED
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Figure 1. Changes in Disposition From the Emergency Department (ED)

AmongMedicare Beneficiaries Treated in the United States From 2009

to 2016
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hospital in the 50 United States and the District of Columbia were assigned a

disposition from the ED according to the followingmutually exclusive hierarchy

of categories: admitted (inpatient ED visit), observation (outpatient ED visit

with an associated observation claim), died in the ED (outpatient ED visit with a

same-day death date), or discharged from the ED.
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tilweassumed that themeanHCCscore actuallydecreasedby

2%per year from 1.96 in 2009 to 1.70 in 2016 (a 13%decrease)

that the decrease in mortality became nonsignificant.

Discussion

Between 2009 and 2016, adjusted 30-day mortality rates for

Medicare beneficiaries visiting an ED decreased by 1.4 per-

centagepoints, a relativedecreaseof 23%.Thesedecreasesoc-

curred as fewer patients were admitted and a greater propor-

tionweredischargedhome.Fewerpatientsdiedduring theED

visits and mortality rates decreased among patients who re-

mained in the hospital for further care aswell as among those

who were discharged from the ED. This trend was observed

across the range of visit severity but was largest for the sick-

est patients. Although the mortality decline was seen across

most types of EDs, itwasmost pronounced for those at teach-

ing,nonprofit, andurbanhospitals.Taken together, these find-

ings suggest that overall outcomes of patients visiting the ED

have improved.

It is not fully clearwhymortality rates after anEDvisit are

decreasing. We know that the intensity of ED care is increas-

ing, with more tests and procedures being performed in the

EDnow than before.3,4 It is possible that this increased inten-

sity is leading tomore accurate diagnosis andmore appropri-

ate treatment. Another potential explanation is the growing

emphasisonstandardizingEDcare toensurebestpracticesand

reduce unnecessary variation in quality.19,20National quality

improvement efforts have often targeted ED care and sev-

eral, including those implemented as part of the Patient Pro-

tection and Affordable Care Act, often focused on high-risk,

time-sensitive, and emergency conditions.21-24 The fact that

the mortality decrease was greatest for the sickest patients

seems to be consistentwith the hypothesis that efforts to im-

provecare for specific,high-riskconditionsmayhavebeenpar-

ticularly effective.

One possible explanation for our findings is that patients

visiting the EDwere healthier in later years.We tookmultiple

approaches to address this concern, including stratifying by

specific age and severity groups. Our model quantifying pre-

dicted mortality suggested that the population using the ED

in later years was actually sicker than the population in ear-

lier years. Of course, it is also possible that changes in coding

mayhave contributed to the observedmortality trends. If the

increase in comorbidities over time represents true changes

inpatient severity aspatientswith lower-acuity conditions are

increasinglymanaged in alternative settings,whichwould be

consistent with other data,25 then the fully adjusted mortal-

ity trends are accurate.However, if the increase in comorbidi-

ties is partly artifactual owing to upcoding, or an increase in

documented illness severity on claimswithout an increase in

the true severity of illness, then the true trends lie between

thepartially and fully adjustedmortality trendestimates.Our

analyses suggest that theentirepopulationusing theEDwould

have needed to have become dramatically healthier (as op-

posed to becoming sicker, which we observed) to fully ex-

plain our findings, which seems unlikely.

Our findings also suggest that certain types of EDs seem

to have improvedmore than others. It is possible that lack of

availabilityof emergencyphysicians26andon-call specialists27

during the ED visit or follow-up outpatient care after

discharge28-31 may have limited gains in certain types of hos-

pitals. Our finding that rural EDs had higher baseline mortal-

ity rates and lesser mortality declines is consistent with the

knowndisparities inurbanvs rural health outcomes and chal-

lenges facingruralhospitals.32,33Giventhat ruralhospitalshave

seen a disproportionate rise in ED visits, particularly among

vulnerablepopulations,34agreater focusonoptimizingEDout-

comes in rural settings is needed.35,36

Our finding of declining rates of hospital admission from

theED is consistentwith the shift inhealth caredelivery away

from the inpatient setting.8,37,38Alternative paymentmodels

have incentivized theuseofoutpatient care39,40andsomeevi-

dence has suggested that reducing the number of admissions

fromtheEDmay improve thevalueof acute care.4,8,41,42How-

ever, there has also been concern that decreasing admission

rates could worsen outcomes if patients who would benefit

fromahospitalizationare insteaddischargedhome.10,43,44Our

findings suggest that EDoutcomes forMedicare beneficiaries

have improved in recent years, even as admission rates have

decreased. Thus, it is possible that EDs are improving at iden-

tifyingwhich patients can be discharged safely andwhich in-

dividuals need to remain in the hospital for further care.

Figure 3. Rates of Adjusted 30-DayMortality From 2009 to 2016

for Traditional Medicare Beneficiaries Treated in US

Emergency Departments (EDs) for All ED Visits

asWell as Stratified by High-, Medium- and Low-Severity Visits
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Model for 30-daymortality with time (in years) as the primary predictor and

adjusting for principal diagnosis, hospital random effects, and beneficiary age,

sex, race/ethnicity, Medicaid eligibility, and chronic conditions (Hierarchical

Condition Categories). Beneficiaries aged 65 years or older seeking care in the

ED at an acute care hospital in the 50 US states and the District of Columbia had

visit severity defined according to predicted 30-daymortality using 2009-2010

data years and applying the coefficients for each predictor (visit diagnosis,

patient age, sex, Medicaid enrollment, race/ethnicity, and chronic conditions) to

visits in all years to calculate a predictedmortality rate for each visit.

High-severity visits were those in the top quartile of predictedmortality,

low-severity visits were those in the bottom quartile of predictedmortality, and

medium-severity visits were those in themiddle 50% of predictedmortality.
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Thiswork is consistentwith other studies demonstrating

that variation remains in the quality of emergency care,44-46

but that there has been a broad trend toward better out-

comes.47-51 Prior work has suggested that hospital profit sta-

tus, teaching status, and urban vs rural location are associ-

ated with differences in outcomes for patients in the ED44,45

and that higher-performing hospitals have seen greater im-

provements inoutcomesover time.Othershavealso foundthat

admission rates from the ED are decreasing over time,8while

care intensity in the ED is rising.3,4

Limitations

This study has several limitations. Although it is national in

scope, this study is limited to Medicare fee-for-service ben-

eficiaries. However, Medicare is the primary payer for nearly

one-fourthofallEDvisitsandnearly90%ofvisitsamongadults

aged 65 years or older,7 suggesting that these findings pro-

vide a useful window into the evolution of emergency care in

the United States. Our sample lacks ED visits among benefi-

ciaries withMedicare Advantage, which has continued to en-

roll a greater fraction ofMedicare beneficiaries. However, for

our findings to be explained by the increase in Medicare Ad-

vantagepenetration,MedicareAdvantagewouldhavetobedis-

proportionately enrollingpatientswith ahigher severity of ill-

ness in later years in ways that we could not measure, which

is unlikely.52 Finally, it is unclear how much of the observed

mortality decrease is attributable to emergency care itself vs

subsequent inpatient or outpatient treatment, although the

percentage of patients dying in the ED also decreased across

the study period.

Conclusions

A Medicare beneficiary visiting an ED in 2016 had a 1.4–

percentagepoint lower riskofdyingwithin30days thanacom-

parable patient visiting an ED in 2009. In the context of de-

creasingadmission rates, these findings appear to suggest that

ED care in the United States may be improving meaningfully

over time.

Table 2. Adjusted Time Trends in 30-DayMortality AssociatedWith an Emergency Department Visit by Hospital Characteristics From 2009 to 2016a

Characteristic

Adjusted Mortality, %

Adjusted Time Trend, %b
P Value for
Interactionc2009 2016

Region

West 5.5 4.0 −0.21

<.001
Midwest 5.8 4.4 −0.21

Northeast 5.5 4.2 −0.19

South 5.8 4.5 −0.19

Size (No. of beds)

Small (1-99) 5.9 4.6 −0.20

.78Medium (100-399) 5.6 4.2 −0.20

Large (≥400) 5.4 4.0 −0.20

Profit status

Nonprofit 5.6 4.2 −0.20

.007For profit 5.6 4.4 −0.18

Government, nonfederal 6.1 4.8 −0.19

Teaching statusd

Major 5.3 3.9 −0.22

.01Minor 5.4 4.1 −0.19

None 5.9 4.5 −0.20

Safety-net statuse

Safety-net 5.6 4.3 −0.20
.31

Non–safety-net 5.7 4.4 −0.19

Urban vs rural location

Urban 5.6 4.2 −0.18
.02

Rural 6.2 5.0 −0.20

a Linear regressionmodel with 30-daymortality as the outcome and time (year)

as the primary predictor and incorporating hospital random effects, principal

visit diagnosis (Clinical Classifications Software category), beneficiary age, sex,

Medicaid enrollment, race/ethnicity, and chronic conditions (Hierarchical

Condition Categories), and hospital characteristics (hospital region, size, profit

status, teaching status, safety-net status, and urban/rural location), as well as

an interaction between time and each hospital characteristic as covariates.

Themodel for hospital characteristics was performed separately for each

characteristic.

bChange in 30-daymortality per year from 2009 to 2016.

c Interaction between time and respective hospital characteristic.

dMajor teaching hospitals were defined by havingmembership in the Council of

Teaching Hospitals, minor teaching hospitals were not members of the Council

of Teaching Hospitals but had other medical school affiliation, and all others

were considered nonteaching.

e Safety-net hospitals were defined as being in the top quartile of the

Disproportionate Share Index percent, while all other hospitals were

considered non–safety-net hospitals.
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Invited Commentary

Reflections onMortality and Uncertainty in EmergencyMedicine
Silas W. Smith, MD; David C. Lee, MD, MS; Lewis R. Goldfrank, MD

Could emergency medicine (EM), which often is character-

ized as overutilized by patients, criticized as excessive in per-

forming tests, labeled as unjustifiably expensive, and suscep-

tible to diagnostic error, be doing something right? Burke and

colleagues1 found that the

mortality rate declined con-

siderably among Medicare

beneficiarieswhohad visited an emergency department (ED)

from 2009 to 2016, particularly in patients with high-

severity conditions. Given the limits of observational stud-

ies, the cause of the lowermortality rate is unknown.We sus-

pect that both EM proponents and detractors will use the

study’s analysis to validate their own health care policy con-

clusions.

Proponentswill argue that thedecline inmortality among

this population reflects technological, organizational, and

philosophical improvements in emergency care. Emergency

medical services, EM’s often neglected partner, has in-

creased regionalization of trauma, stroke, myocardial infarc-

tion, andother care.Emergencydepartmentdoor-to-care con-

cepts (eg, balloon, needle, antibiotics) havematured, shifting

the threshold to prehospital “first medical contact,” to im-

prove earlier disease recognition and resuscitation. These ini-

tiatives have aligned specific hospital capabilities and the col-

laborative teams needed to address time-critical illnesses.

Telemedicine has diminished geographic barriers to EM and

specialist support. These important gains should be further

studied and advanced.

Emergency department approaches to critical conditions

havebeenstandardized.Aproliferationofescalationteams(air-

way, behavioral response, labor, pulmonary embolism, sep-

sis, shock, stroke, ST-elevationmyocardial infarction, trauma)

andpolishedprocesses (eg,massive transfusion) supportmul-

tidisciplinary collaboration for critical interventions.For those

patients presentingwithout a definitive diagnosis, a plethora

of decision tools and advances in laboratory and imaging ser-

vices have led to more precise risk stratification and conclu-

sions for cardiovascular, neurovascular, traumatic, and ve-

nous thromboembolic diseases. Emergency medicine can

initiate relevant care, whatever the disposition, and exclude

life-threatening diagnoses, limiting uncertainty for inpatient

teams and outpatient health care professionals. Emergency
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