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Between 1996 and 2009 the annual number of emergency
department (ED) visits in the United States increased by 51 percent while
the number of EDs nationwide decreased by 6 percent, which placed
unprecedented strain on the nation’s EDs. To investigate the effects of an
ED’s closing on surrounding communities, we identified all ED closures
in California during the period 1999–2010 and examined their
association with inpatient mortality rates at nearby hospitals. We found
that one-quarter of hospital admissions in this period occurred near an
ED closure and that these admissions had 5 percent higher odds of
inpatient mortality than admissions not occurring near a closure. This
association persisted whether we considered ED closures as affecting all
future nearby admissions or only those occurring in the subsequent two
years. These results suggest that ED closures have ripple effects on patient
outcomes that should be considered when health systems and policy
makers decide how to regulate ED closures.
ABSTRACT

B

etween 1996 and 2009 the annual
number of visits to emergency departments (EDs) in the United
States increased by 51 percent,
from 90.3 million1 to 136.1 million.2 During the same period the number of
EDs nationwide decreased by 6 percent, from
4,884 to 4,594.3 These trends have contributed
to increased ED crowding and wait times,4,5 overextension of ED staff,6 and the diversion of
ambulance traffic from busy EDs.7,8 All of this
prompted the Institute of Medicine to conclude,
in a 2007 report, that EDs in the United States
are “at the breaking point.”9
ED closures pose a particular threat to the care
of vulnerable populations. Because they are required by law to care for all comers, EDs often
play the role of the “safety net of the safety net”
for patients without access to regular medical
care.10 Yet communities with higher proportions
of residents who are enrolled in Medicaid, have
low incomes, and belong to racial or ethnic mi-

Tanja Srebotnjak is a senior
fellow at the Ecologic
Institute, in San Mateo,
California.
Renee Y. Hsia (renee.hsia@
emergency.ucsf.edu) is an
associate professor in the
Department of Emergency
Medicine and the Institute of
Health Policy Studies,
University of California, San
Francisco.

nority groups are at heightened risk of having
their local ED close.11,12
Furthermore, EDs and trauma centers—which
often experience greater financial pressures
than their parent hospitals overall13—are more
likely to close at hospitals with negative profit
margins and less likely to close at hospitals that
receive more generous Medicare reimbursements compared to their peer institutions.14
Therefore, ED closures may widen disparities
by further reducing access to care in communities that are already characterized by having
vulnerable patients and underpaid hospitals.
Recent studies have shown that ED crowding7,15 and increased distance to the nearest
ED16 are associated with worse patient outcomes.
However, we know of no analysis that has investigated the ripple effects of ED closures on surrounding communities. Most previous studies
have also limited their analyses to patients with
acute myocardial infarction (AMI) and other
time-sensitive conditions.7,16,17
August 2014
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We examined the association between ED closures and inpatient mortality for all patients
receiving care in hospitals located near EDs that
closed. We hypothesized that ED closures would
be associated with a heightened risk of inpatient
mortality for patients who were hospitalized
nearby.

Study Data And Methods
Data Sources We used the California Office of
Statewide Health Planning and Development’s
Hospital Annual Utilization Data files for the
period 1999–2010 to identify hospital characteristics and the incidence and timing of ED closures. We excluded all hospitals whose license
category was not general acute care. We defined
an ED closure as the closure of a hospital with a
basic or comprehensive ED license or such a
hospital’s conversion of its ED license to a standby or no ED license.
We verified closure dates through phone calls
to hospital administrators and public health authorities. We also searched newspaper and local
government archives, a process that identified
three additional closures. In eight cases, an ED
closure was timed to coincide with the simultaneous opening of a new ED serving the same
community; we did not count these events as
ED closures.
We obtained data on patient characteristics
and inpatient mortality from the nonpublic files
on patient discharge data from the California
Office of Statewide Health Planning and Development for the period 1999–2010. The patient
admission was our unit of analysis.
We excluded admissions not made via the ED
(for example, elective surgeries and transfers
from other hospitals), because nearby ED closures likely affect these admissions differently
than admissions made via the ED. For example,
if a nearby ED closure affected admitted patients’
outcomes by increasing resource constraints and
crowding at a hospital’s ED, elective admissions
to that hospital would not be affected because
they bypass the ED.
We also excluded admitted patients younger
than age eighteen, because their outcomes
may be influenced by additional factors and
should be studied separately. As was done in
previous studies,7,16,17 we excluded admitted patients whose residential ZIP codes were not in
California, since they were likely not residents of
the area in which they were hospitalized. Our
study was approved by the Committee on Human
Research at the University of California, San
Francisco.
Geographical Definition Of Areas Affected By Closures We defined the geographic area
1324
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affected by an ED closure as the hospital service
area (HSA) in which the ED was located. HSAs
are groups of ZIP codes organized by the Dartmouth Atlas Project to reflect hospitalization
patterns of Medicare beneficiaries.18
We assigned each hospital to an HSA using
hospital ZIP codes and the 1999–2010 ZIP
code–HSA crosswalk files from the Dartmouth
Atlas Project. This allowed us to determine which
HSAs experienced closures in each month of our
twelve-year study period.
Covariates To adjust for factors that could
confound the relationship between ED closures
and inpatient mortality, we included in our multivariate regression model multiple patient- and
hospital-level covariates that have been used in
previous analyses of the effects of ED closures
and crowding.15,17 These include demographic
characteristics such as the patient’s age, race
or ethnicity, and insurance coverage and the
median income of the patient’s ZIP code of residence.
To adjust for the severity of the patient’s illness, we also included Elixhauser comorbidities
for each patient19 based on his or her International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), diagnosis codes.
This allowed us to control for the possibility that
apparent increases in mortality at hospitals near
an ED closure were simply the result of the redistribution of sicker patients to these hospitals.
In addition, we included hospital characteristics such as case-mix index (a measure of overall
patient severity), hospital ownership, and urban
or rural location. Finally, we clustered patients
within hospitals, since patients admitted to the
same hospital will have correlated outcomes as a
result of similar hospital and physician practice
styles, and we included a fixed-effects variable
for calendar year to control for secular trends in
inpatient mortality.
Statistical Methods Having created both a
file containing admissions assigned to HSAs and
a file of ED closure events by HSA and month, we
coded all admissions as “affected” (if there was a
previous ED closure in the admitting hospital’s
HSA) or “unaffected” (if there was no previous
ED closure in the HSA). We then carried out
multivariate logistic regression analysis using
the statistical software SAS, version 9.2.
Our dependent variable was mortality during
the inpatient hospital stay, and the primary predictor of interest was whether the admitting
hospital was affected by a previous ED closure
in its HSA. The model also included all of the
covariates described above.
Sensitivity Analyses We prespecified three
sensitivity analyses to verify the robustness of
our approach and to examine the potentially
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These findings
suggest the need to
study and consider
interventions that
minimize ED closures
in vulnerable
neighborhoods.

differential effect of ED closure on specific
inpatients. For the sake of efficiency, we conducted these analyses on a simple random sample of 2,039,084 admissions taken from the full
data set.
Since our primary analysis defined an HSA as
affected indefinitely after an ED closure in that
HSA, our first sensitivity analysis was to repeat
our analysis defining an HSA as affected for only
the two-year period immediately following an ED
closure. This choice of a two-year period follows
previous literature, which has shown a stronger
association between ED closures and outcomes
in the first two years.16
We also conducted subgroup analyses on two
age-stratified groups of adult patients (nonelderly adults, those ages 18–64; and elderly
adults, those ages 65 and older), and on patients
with four specific time-sensitive conditions defined in the previous literature (AMI, stroke,
asthma or chronic obstructive pulmonary disease, and sepsis) to determine if ED closures
had differential effects on these patients.17,20
Limitations Our study had several limitations.
▸ DATA FROM ONLY ONE STATE : First, our
analysis was limited to ED closures in California.
Although California contains 12 percent of the
US population, it differs demographically from
the United States as a whole. For example, the
proportion of black residents is much lower in
California and the proportion of other nonwhite
minorities much higher, compared to the whole
country. Therefore, our findings might not be
generalizable to other parts of the United States,
especially states whose demographics differ
substantially from those of California.
▸ RETROSPECTIVE ANALYSIS : Second, ours
was a retrospective analysis that used administrative data. Thus, the increase in mortality that
we observed in patients visiting hospitals affect-

ed by a nearby ED closure could have been a
result of confounding factors not included in our
model. For example, increased socioeconomic
strife in a neighborhood along dimensions not
captured by our covariates might drive both ED
closure and increased inpatient mortality in
that area.
We attempted to minimize this potential confounding through numerous mechanisms. One
mechanism was including clustering by hospital
and year fixed effects to analyze changes in mortality, within the same hospital before and after
it was affected by a closure, that were above and
beyond changes caused by general secular
trends. Furthermore, we included Elixhauser comorbidities in an effort to standardize the effects
for patients with a similar severity of illness. We
also included demographic characteristics such
as race, median income in patients’ ZIP codes,
and insurance coverage to attempt to standardize patient-level socioeconomic influences on
mortality.
However, our ability to control for confounding factors was limited by the categories of administrative data available. This means that the
possibility of some degree of residual confounding will always exist.
Additionally, we realize that there is a potential alternative causal pathway through which
increased mortality near ED closures could be
observed: Otherwise sicker patients—that is,
those who are sicker in ways not captured by
the Elixhauser comorbidities—could be redirected to nearby institutions from the EDs that
closed. To specifically investigate this potential
alternative mechanism, we compared mortality
rates during the year before a closure at hospitals
with EDs that would close in the following year
with rates at hospitals whose EDs stayed open.
We found no significant difference in mortality
rates between these two groups (for a detailed
plot illustrating this comparison, see online Appendix Exhibit A1).21 This indicates that sicker
patients were not redistributed to nearby hospitals and that our effect was likely the result of
system stresses following an ED closure.
▸ SOME PATIENT DEATHS NOT CAPTURED :
Third, our data did not capture patients who died
before they could generate a hospital admission.
For example, a severely ill patient who is likely to
die shortly after admission and who lives in the
vicinity of an ED closure might delay seeking
care because of the closure and thus be more
likely to die at home. Alternatively, such a patient
might seek care but experience a longer ED travel
or wait time, and thus be more likely to die en
route or in the ED. In either scenario, this patient’s outcome would be counted as one inpatient death if the person were unaffected by an
August 2014
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ED closure but as no death if he or she were
affected by a closure.
This limitation tends to reduce the observed
mortality rate in the affected admission group.
As a result, our estimate of the increased odds of
inpatient mortality associated with ED closure
should be considered conservative.
▸ IMPERFECT SURROGATES FOR LOCALITIES :
Fourth, HSAs reflect geographic patterns of hospitalization, but they are not perfect surrogates
for the area around an ED that is affected by its
closure. In urban areas with high hospital density, affected HSAs likely included some hospitals

that did not receive any redirected patients from
the closed ED. Conversely, in rural areas with
low hospital density, patients redirected from
a closed ED probably often presented to hospitals outside the affected HSA and were thus not
captured in our analysis. The fact that our affected group may have included some unaffected
admissions and excluded some affected admissions again means that our estimate of the increased odds of inpatient mortality associated
with ED closure is likely to be conservative.

Study Results
Exhibit 1
Admissions That Were Unaffected Or Affected By An Emergency Department (ED) Closure
Within Their Hospital Service Area (HSA) In California, 1999–2010
Unaffected
Characteristic
Patient level
Sex
Male
Female
Unknown or invalid
Age (years)
18–44
45–64
65–74
75–84
85 or more
Race or ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Othera
Unknown, invalid, or missing
Insurance status
Private
Medicare
Medi-Cal (Medicaid)
Uninsured or self-pay
Other
Missing
Elixhauser comorbiditiesb
Hypertension
Fluid and electrolyte disorders
Deficiency anemias
Median household income ($)
Hospital level
Hospital ownership
Not for profit
For profit
Government

Affected

Number

Percent

Number

Percent

6,595,105
5,603,017
337

54.1
45.9
0.0

2,118,718
1,929,614
101

52.3
47.7
0.0

2,436,014
3,459,249
2,035,226
2,594,770
1,673,200

20.0
28.4
16.7
21.3
13.7

916,444
1,270,487
627,427
743,516
490,559

22.6
31.4
15.5
18.4
12.1

7,239,001
1,118,087
2,573,041
1,076,435
191,895

59.3
9.2
21.1
8.8
1.6

2,032,642
526,176
1,013,581
423,564
52,470

50.2
13.0
25.0
10.5
1.3

2,892,342
6,257,169
1,842,222
961,207
242,096
3,423

23.7
51.3
15.1
7.9
2.0
0.0

902,144
1,903,066
742,343
411,079
89,049
752

22.3
47.0
18.3
10.2
2.2
0.0

5,805,979
2,882,018
2,243,995
53,766

47.6
23.6
18.4
—c

2,039,414
992,032
815,763
50,258

50.4
24.5
20.2
—c

9,217,000
2,105,339
876,120

75.6
17.3
7.2

2,893,407
676,344
478,682

71.5
16.7
11.8

SOURCE Authors’ analysis of data from the California Office of Statewide Health Planning and
Development. NOTES Of the admissions, 12,198,459 (75.1 percent) were unaffected—that is,
there was no ED closure in the HSA—and 4,048,433 (24.9 percent) were affected. All
differences between affected and unaffected admissions were significant (p < 0:001). aAsian,
Pacific Islander, and Native American. bOnly the three most common Elixhauser comorbidities are
listed. Appendix Exhibit A5 (see Note 21 in text) lists all twenty-nine Elixhauser comorbidities.
c
Not applicable.
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The final data set consisted of 16,246,892 admissions to California hospitals via the ED during
the period 1999–2010. In this period there were
forty-eight ED closures in California—twenty-six
in which the parent hospital also closed and
twenty-two in which it remained open while
the ED closed.
Based on an unadjusted comparison of these
two groups, we found that affected admissions
were more likely than unaffected admissions to
be of non-Hispanic black patients, Hispanic patients, women, and nonelderly adults (Exhibit 1).
They were also more likely to be paid for by Medicaid or to be uninsured or self-pay admissions.
In addition, median household income was lower in the ZIP codes of patients with affected
versus unaffected admissions. Patients with affected admissions were sicker, with higher rates
of twenty-four out of the twenty-nine Elixhauser
comorbidities.19 Finally, affected admissions
were more likely than unaffected admissions
to be admitted to government-owned (for example, county) hospitals.
After we adjusted for patient and hospital characteristics, we found that admissions affected by
ED closure experienced higher odds of inpatient
mortality than unaffected admissions (odds ratio: 1.05; 95% confidence interval: 1.02, 1.07; see
Exhibit 2). In our sensitivity analysis that classified admissions as affected only when they occurred within two years of an ED closure in their
HSA, we also found increased mortality for patients affected by ED closure (OR: 1.04; 95% CI:
1.02, 1.07; see Appendix Exhibit A2).21
When we stratified our analysis by age, nonelderly patients (those ages 18–64) whose admissions were affected by ED closure had an even
greater increase in the odds of inpatient mortality than patients in the main model (OR: 1.10;
95% CI: 1.03, 1.16). Elderly patients (those ages
sixty-five and older) affected by ED closure also
had increased odds of inpatient mortality (OR:
1.05; 95% CI: 1.00, 1.10). However, this association fell just short of statistical significance (see
Appendix Exhibit A3).21
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In our final sensitivity analysis we found that
patients admitted with AMI, stroke, or sepsis
experienced a greater increase in odds of inpatient mortality when affected by ED closure,
compared to the general patient population
(OR: 1.15; 95% CI: 1.05, 1.27 for AMI; OR:
1.10; 95% CI: 1.03, 1.17 for stroke; and OR:
1.08; 95% CI: 1.03, 1.13 for sepsis; see Appendix
Exhibit A4).21 Patients admitted because of asthma or chronic obstructive pulmonary disease did
not experience higher odds of inpatient death
when affected by ED closure (OR: 0.97; 95%
CI: 0.84, 1.13).

Discussion
We found that patients admitted to hospitals in
the vicinity of an ED closure (affected hospitals)
experienced 5 percent greater odds of inpatient
mortality than patients admitted to unaffected
hospitals. This adverse association persisted
even when we carried out a sensitivity analysis
that limited our definition of affected admissions
to those occurring at affected hospitals within
two years of the ED closure.
In contrast to many past studies, we used ED
closures themselves as our independent variable, instead of measures of ED crowding or
change in travel time to the nearest ED. This
allowed us to investigate the possibility that
closures influenced outcomes in ways not captured by changes in these surrogate variables.
We also used the hospital service area as a
novel approach to defining the area around an
ED closure in which ripple effects might feasibly
occur. In this way, we focused our analysis on
detecting such effects in a geographic area that
was determined by documented patterns of inpatient care use.
As our dependent variable, we examined inpatient mortality of all patients instead of mortality of only patients with time-sensitive conditions. We did this because we recognized the
possibility that the redistribution of patients
after an ED closure would also affect patients
at those hospitals with nonurgent conditions
via more generalized crowding effects. Furthermore, by examining statewide hospital discharge
data instead of Medicare claims data, we were
able to study the outcomes of all patients, not just
elderly ones.
Effects Of Closures An ED closure could
affect patient care in various ways. For example,
closures could increase travel times, wait times,
or crowding at EDs in the surrounding area.
Closures could also lead some affected patients
to delay seeking care, at which point their condition might be less responsive to life-saving interventions.22 Our study examined the overall

Exhibit 2
Adjusted Association Between Emergency Department (ED) Closure And Inpatient Mortality
In California, 1999–2010
Percent

Adjusted OR

95% CI

12,198,459
4,048,433

75.1
24.9

Ref
1.05

Ref
1.02, 1.07

9,271,643
1,644,263
3,586,622
1,499,999
244,365

57.1
10.1
22.1
9.2
1.5

Ref
0.90
0.94
1.02
1.14

Ref
0.90,
0.93,
1.01,
1.11,

0.91
0.95
1.03
1.18

3,794,486
8,160,235
2,584,565
1,372,286
331,145
4,175

23.4
50.2
15.9
8.4
2.0
0.0

Ref
1.00
1.07
0.95
0.96
1.07

Ref
1.00,
1.05,
0.92,
0.94,
1.00,

1.01
1.08
0.98
0.98
1.15

7,845,393

48.3

0.83

0.82, 0.83

3,874,050
3,059,758

23.8
18.8

1.68
0.91

1.65, 1.71
0.91, 0.92

12,110,407
2,781,683
1,354,802

74.5
17.1
8.3

Ref
0.99
1.34

Ref
0.92, 1.07
1.20, 1.49

Number
ED closure in hospital service area
No
Yes
Patient-level covariatesa
Race or ethnicity
White, non-Hispanic
Black, non-Hispanic
Hispanic
Otherb
Unknown, invalid, or missing
Insurance status
Private
Medicare
Medi-Cal (Medicaid)
Uninsured or self-pay
Other
Missing
Elixhauser comorbiditiesc
Hypertension
Fluid and electrolyte
disorders
Deficiency anemias
Hospital-level covariates
Hospital ownership
Not for profit
For profit
Government

SOURCE Authors’ analysis of data from the California Office of Statewide Health Planning and
Development. NOTES Adjusted for patient and hospital characteristics, as well as clustering by
hospital and year fixed effects. OR is odds ratio. CI is confidence interval. aOnly selected
patient-level covariates are listed. Appendix Exhibit A6 (see Note 21 in text) lists additional
patient-level covariates that were included in the regression analysis. bAsian, Pacific Islander,
and Native American. cOnly the three most common Elixhauser comorbidities are listed. The odds
ratio was calculated for each comorbidity in reference to admissions without that comorbidity.
Appendix Exhibit A6 lists all twenty-nine Elixhauser comorbidities.

impact of ED closures on patient outcomes.
However, we could not disentangle the specific
mechanisms by which closures might contribute
to increased inpatient mortality.
We found that the increase in odds of inpatient
mortality associated with ED closure was greater
among nonelderly adults (10 percent) and patients with AMI (15 percent), stroke (10 percent),
and sepsis (8 percent), compared to the general
patient population (5 percent). The results for
patients with AMI, stroke, and sepsis corroborate the findings of past studies of ED crowding
and increased drive time to the nearest ED.7,16,17
This may reflect these patients’ susceptibility to
experiencing worse outcomes if it takes them
longer to receive medical attention. Nonelderly
adults, in contrast, may be more likely than elderly patients to delay seeking care after an ED
closure or may be disproportionately affected by
August 2014
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closures through some other mechanism.
ED closures affect a large proportion of communities, as evidenced by the fact that 24.9 percent of admissions in the study period had an
ED closure in their HSA, and the distribution of
closures is not uniform. Past studies have shown
that hospitals serving higher proportions of
black patients, Medicaid beneficiaries, and patients living in poverty are at higher risk of closing their EDs11,23 and that communities with
higher proportions of Hispanic and low-income
patients are more likely to experience deterioration in ED access.12
Policy Implications Combined with the results of these past studies, our findings indicate
that disproportionate numbers of ED closures
may be driving up inpatient mortality in communities and hospitals with more minority, Medicaid, and low-income patients and contributing to
existing disparities in health outcomes.24 These
findings suggest the need to study and consider
interventions that minimize ED closures in vulnerable neighborhoods. Potential solutions include improving reimbursement to EDs for the
care of indigent patients and preventing ED closures that are likely to increase patient mortality
significantly.
Whether or not to limit ED closures or regulate
which EDs are permitted to close is a complex,
multifactorial decision that must be weighed by
communities and policy makers. However, our
findings regarding the ripple effect of closures
on surrounding communities suggest that it may
be time to reassess the extent to which market
forces are allowed to dictate ED closures and
access.
Proposals to regulate the closure of EDs are
not new: Patient advocates called for such regulation as long as three decades ago.25 Current
policy on this matter differs by state. For example, Illinois requires hospitals to operate an ED
as a requirement for licensure, but Arizona has
no such regulation.26 In 1998 the California legislature amended the state’s Health and Safety
This research was supported by the
National Center for Advancing
Translational Sciences, National
Institutes of Health, through the
University of California, San Francisco,
Clinical and Translational Science
Institute (Grant No. KL2TR000143;
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Code to require that a hospital conduct an impact
evaluation and hold a public hearing before closing or downgrading its ED.27 However, a proposal to strengthen this law by prohibiting ED
closures that would “not be in the best interest of
the general public” failed to pass in the following
legislative session.28
Regulatory interventions can be difficult to
enact and implement. Nonetheless, our findings
indicate that policies such as requiring a hospital
to show that surrounding communities would
retain adequate access to emergency care before
allowing it to close an ED could save lives and
reduce disparities.

Conclusion
We found that ED closures were associated with
a 5 percent increase in the odds of inpatient
mortality at the remaining hospitals in the closure’s hospital service area. The associated increase in odds of mortality was even greater
for nonelderly patients and patients with timesensitive conditions such as AMI, stroke, and
sepsis. Further research is necessary to elucidate
the mechanisms underlying this association and
the appropriateness of interventions to regulate
ED closures. ▪

principal investigator: Renee Hsia), and
by the Robert Wood Johnson Foundation
Physician Faculty Scholars Program
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contents of the article are solely the
responsibility of the authors and do not
necessarily represent the official views
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help with the analysis, and Julia
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support.
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