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ABSTRACTS

Objectives Given increasing demand for emergency care,
there is growing concern over the availability of emergency
department (ED) and inpatient resources. Existing studies
of ED bed supply are dated and often overlook hospital
capacity beyond ED settings. We described recent
statewide trends in the capacity of ED and inpatient
hospital services from 2005 to 2014.
Design Retrospective analysis.
Setting Using California hospital data, we examined
the absolute and per admission changes in ED beds and
inpatient beds in all hospitals from 2005 to 2014.
Participants Our sample consisted of all patients
inpatient and outpatient) from 501 hospital facilities over
10-year period.
Outcome measures We analysed linear trends in the
total annual ED visits, ED beds, licensed and staffed
inpatient hospital beds and bed types, ED beds per ED
visit, and inpatient beds per admission (ED and non-ED).
Results Between 2005 and 2014, ED visits increased
from 9.8 million to 13.2 million (an increase of 35.0%,
p<0.001). ED beds also increased (by 29.8%, p<0.001),
with an average annual increase of 195.4 beds. Despite
this growth, ED beds per visit decreased by 3.9%, from
6.0 ED beds per 10 000 ED visits in 2005 to 5.8 beds
in 2014 (p=0.01). While overall admission numbers
declined by 4.9% (p=0.06), inpatient medical/surgical
beds per visit grew by 11.3%, from 11.6 medical/surgical
beds per 1000 admissions in 2005 to 12.9 beds in 2014
(p<0.001). However, there were reductions in psychiatric
and chemical dependency beds per admission, by −15.3%
(p<0.001) and −22.4% (p=0.05), respectively.
Conclusions These trends suggest that, in its current
state, inadequate supply of ED and specific inpatient beds
cannot keep pace with growing patient demand for acute
care. Analysis of ED and inpatient supply should capture
dynamic variations in patient demand. Our novel ‘beds
pervisit’ metric offers improvements over traditional supply
measures.

INTRODUCTION
Emergency departments (EDs) play a critical role in the US health delivery system.
EDs provide the only guaranteed aroundthe-clock healthcare access to all, regardless
of financial background.1 EDs also serve as

Strengths and limitations of this study
►► This study evaluates trends in hospital supply using

a novel 'beds per visit' metric that reflects dynamic
variations in patient demand not captured by
traditional absolute or per capita measures.
►► Compared with prior inpatient supply research,
this study explores trends in medical/surgical,
intensive care unit, coronary care unit, psychiatric
and chemical dependency bed capacity beyond the
emergency department.
►► The analyses are limited by availability of data on
staffed beds compared with licensed beds.

the main entry for many severely ill patients
who require inpatient hospital care.2 Despite
expansions in outpatient and primary care
visits, use of the ED has risen substantially
even after accounting for population growth,
resulting in greater ED crowding.3–6
In 2007, the Institute of Medicine reported
that 91% of EDs were crowded, with close to
40% noting daily crowding.7 Nearly a decade
later, a 2015 national survey released by the
American College of Emergency Physicians
revealed that the issue of ED crowding persists
despite the implementation of the Affordable
Care Act (ACA). 75% of emergency physician respondents said patient volumes have
increased since the ACA took effect.6
Patients in crowded EDs have a greater likelihood of experiencing long wait times, leaving
without being seen by a physician, feeling
unsatisfied with their care, and having worse
medical outcomes including delays in diagnosing myocardial infarction and increased
mortality rates.8–15 ED congestion may also
eliminate reserve hospital capacity for accommodating critical incidents such as infectious
disease epidemics or national disasters.16
Most of the work on ED crowding focuses
on increasing demand, and often overlooks investigating another key aspect of ED
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congestion—supply. While experts acknowledge that ED
crowding is associated with hospital bed shortages and
inpatient boarding,9 10 17 18 there exists limited clinical
literature that examines bed capacity of hospitals and
their EDs. Most of this literature neglects hospital capacity
beyond the ED or lacks updated data.3 19–21 Given that
increasing data show how ED crowding relates to inpatient factors,16 22 accessibility to prompt emergency care
requires characterisation of ED crowding in the context
of the entire delivery system.
Therefore, this study examines recent statewide trends
in the capacity of both of California’s hospital EDs and
inpatient settings from 2005 to 2014. Our analysis of the
complete census of California hospitals illustrates how
the number of ED beds and inpatient beds has changed
over time. Specifically, our study aims to evaluate hospital
capacity using traditional (absolute, per capita) and novel
(beds per visit) supply measures that may potentially have
important implications for resource allocations in appropriately caring for patients originating from any ED.
METHODS
Study design and data sources
We analysed data from California’s Office of Statewide
Health Planning and Development (OSHPD), which
conducts an annual, standardised survey required of all
hospitals and health services in the state. We used full
census data from OSHPD’s Annual Financial Reports
of Hospitals and Hospital Annual Utilization Data from
2005 to 2014 to evaluate supply trends in emergency and
inpatient care of California’s hospitals.23 24 To account for
changes in population, we used the US Census annual
population estimates to calculate annual ED and inpatient rates. This study was exempt from review by the
human subjects' protection office of the University of
California, San Francisco.
Inclusion criteria and variable definitions
For each year, we included all hospitals operating in the
state of California. For analyses restricted to hospitals with
EDs, we excluded hospitals if they were reported as closed
at the end of the year, were licensed but not in operation,
had its licence in suspension or reported the number of
ED patient visits as zero. We included all hospitals with an
open ED in service at the end of each year and all hospitals
without an ED. Our final sample included 5012 hospital
years over the 10-year period (across 481–501 hospital facilities) and all patients (inpatient and outpatient) without
further sample restrictions.
We determined hospital and ED ownership in a given
year as the most recent ownership (government, non-profit
or for-profit) reported in the fiscal year. In cases where
ownership status was missing, we used the most recent
data with a non-missing ownership type. We characterised
hospitals as urban or rural by employing the county-based
Centers for Disease Control and Prevention urban–rural
classification scheme, with rural hospitals as those located
2

in non-metropolitan counties.25 We classified ED visits as
inpatient if the ED visit resulted in a hospital admission,
and outpatient if the ED visit resulted in treatment and
release without admission.
Statistical analysis
For each year, we analysed the total number of ED
visits (total, outpatient, inpatient), hospital admissions,
hospitalisation days, ED beds, licensed and staffed inpatient beds (medical/surgical, intensive care unit (ICU),
coronary care unit (CCU), psychiatric or chemical
dependency recovery), and emergency medical services
licensure (standby, basic or comprehensive EDs based on
OSHPD facility categorisations) online (supplementary
table 1).26 Licensed beds included all health facility inpatient beds licensed by the Department of Health Services,
whereas staffed beds included beds that were staffed,
equipped and ready for use as needed.27 Hospitals staff
beds occupied by inpatients and an increment of beds for
unanticipated admissions.27 However, the literature often
reports hospital occupancy rates as a ratio of licensed
beds, rather than actual staffed bed supply.28 29 Therefore,
we examined both licensed and staffed bed measures to
determine true bed supply.
We calculated the absolute number of beds and the
number of beds per capita, and developed two bed
supply measures that provide a unique perspective on
hospital bed demand: ED beds per ED visit (calculated
as the ratio of the number of ED beds divided by the
number of ED visits) and inpatient beds per admission
(calculated as the ratio of the number of inpatient beds
divided by the number of ED and non-ED admissions)
online (supplementary table 1). To our knowledge,
these two measures have not been used previously in the
literature. Existing literature has traditionally denominated ED utilisation with population estimates to show
per capita measures of demand, which can provide an
important perspective.30–33 Our novel supply measures
reflect the use of resources relative to actual demand not
captured using per capita measures. We also performed
a stratified analysis to determine if inpatient bed supply
measures were similar across hospitals without EDs.
To assess the statistical significance of changes in ED
and hospital characteristics over the study period, we used
linear models for continuous outcomes and reported the
p value associated with the coefficient on the variable
‘year’. No other variables (aside from a constant term)
were included in the models as controls. SEs are robust
to heteroscedasticity. All analyses were performed using
Stata V.13.1 software.
RESULTS
ED and inpatient demand
Table 1 provides a summary of the measures from
2005 to 2014. During this period, the total annual visits to
California EDs increased by 35% (p<0.001 for 10-year trend),
from an estimated 9.8 million to 13.2 million visits. When
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Table 1 ED visits, hospitalisations, facilities, capacity and ownership in hospitals with an ED, 2005–2014
Variable

2005
N (%)

2014
N (%)

Per cent
difference*

p Value for
trend

ED visits
Total ED

9 824 501†

13 261 674†

34.99

<0.001

Outpatient ED

8 357 519 (85.1)

11 436 280 (86.2)

36.84

<0.001

Inpatient ED

1 466 982 (14.9)

1 825 394 (13.8)

24.43

<0.01

Admissions

3 182 583†

3 026 729†

−4.90

0.06

Hospital days

16 623 075†

14 526 322†

−12.61

<0.001

Total EDs

333†

339†

1.80

0.05

Comprehensive
EDs

9(2.7)

9(2.7)

0.00

---

4.56

<0.001

Hospitalisations

Facilities

Basic EDs

285(85.6)

298(87.9)

Standby EDs

39(11.7)

32(9.4)

−17.95

<0.01

29.79

<0.001

5.83

<0.001

Capacity in hospitals with EDs (number of beds)‡
ED

5904†

7663†

Medical or
surgical

36 989†

39 147†

Intensive care unit 5145†

6244†

21.36

<0.001

Coronary care
unit

940†

922†

−1.91

0.21

Psychiatric

3691†

2975†

−19.40

<0.001

Chemical
dependency

321†

237†

−26.17

0.03

Government

71(21.3)

66(19.6)

−7.04

<0.001

Non-profit

203(61.0)

208(61.7)

2.46

0.01

For-profit

59(17.7)

63(18.7)

6.78

0.80

Government

1135(19.2)

1394(18.2)

22.82

<0.001

Non-profit
For-profit

4006(67.9)
763(12.9)

5192(67.8)
1077(14.0)

29.61
41.15

<0.001
<0.001

Ownership
Number of
hospitals

Number of ED
beds

Percentages might not add up to 100 because of rounding.
*Difference in numbers from 2005 to 2014.
†Not applicable.
‡Licensed beds reported (no staffed beds in this table due to data quality issues).
ED, emergency department.

adjusted for population growth, ED visits climbed steadily
over the study period, from 274 visits per thousand persons
in 2005 to 342 visits per thousand persons in 2014, for an
increase of 24.6% (p<0.001) online (supplementary table
2). The proportion of ED visits requiring inpatient admission decreased from 14.9% to 13.8% (p<0.01), along with
an absolute 4.9% decrease in all hospitalisations (ED and
non-ED hospitalisations) (p=0.06) and a 12.6% decrease in
overall length of hospital stay (p<0.001).

ED capacity
The total number of EDs in California increased by 1.8%,
from 333 in 2005 to 339 in 2014 (p=0.05). Similarly, the
total number of ED beds also grew from 5904 beds in
2005 to 7663 beds in 2014 (+29.8%, p<0.001), with an
average increase of 195.4 beds per year (figure 1A). When
examining absolute and per capita measures, growth in
total ED visits (absolute rate +35.0%, p<0.001; per capita
rate +24.6%, p<0.001) nearly matched the growth in
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decrease in ED bed supply, from 6.0 beds per 10 000
ED visits in 2005 to 5.8 beds per 10 000 ED visits in 2014
(p=0.01) (figure 1A).
Inpatient capacity
For inpatient hospital supply, the number of licensed
medical/surgical beds increased by 5.8% (p<0.001) and
ICU beds by 21.4% (p<0.001), while psychiatric beds
decreased by 19.4% (p<0.001) and chemical dependency
beds by 26.2% (p=0.03) from 2005 to 2014. Licensed
CCU beds did not change significantly (table 1).
In using the newly proposed supply measure, we found
an 11.3% increase in inpatient bed supply in hospitals
with EDs, from 11.6 licensed medical/surgical beds per
thousand admissions in 2005 to 12.9 beds per thousand
admissions in 2014 (p<0.001) (figure 1B). Across all
hospitals, we found similar growth trends in the supply
of all bed types except chemical dependency bed supply
(−14.7%, p=0.74) (figure 2).
We further stratified our analyses to examine if hospitals
with and without EDs had different trends in bed supply
(figure 2). In hospitals with EDs, all bed types experienced
growth (medical/surgical bed supply, +11.3%, p<0.001;
ICU bed supply, +27.6%, p<0.001; CCU bed supply,
3.1%, p=0.37) except for psychiatric bed supply (−15.3%,
p<0.001) (figure 1C) and chemical dependency bed
supply (−22.4%, p=0.05) (figure 1D). In hospitals without
EDs, we found similar trends in the growth of CCU beds
(+70.3%, p=0.07) and a decline in chemical dependency
beds (−35.4%, p=0.28) (figure 2). All other inpatient bed
types in hospitals without EDs, however, decreased except
for psychiatric bed supply (+45.3%, p=0.04).
Staffed and licensed beds
Focusing on the endpoint year of 2014, we examined the total licensed inpatient beds by type and the
percentage of staffed inpatient beds. In 2014, hospitals
staffed 59% of licensed medical/surgical beds, 73% of
CCU beds, 74% of psychiatric beds and 65% of chemical
dependency beds (the data set did not report staffed ICU
beds) online (supplementary figure 1).

total ED beds (absolute rate +29.8%, p<0.001; per capita
rate +19.8%, p<0.001). However, when using the new ‘ED
beds per ED visit’ measure, we found an overall 3.9%

Rural and urban trends in ED and inpatient beds
Our analyses comparing rural and urban hospitals show
that from 2005 to 2014, ED visits increased at a faster rate
in urban hospitals (35.9% absolute, p<0.001; 25.2% per
capita, p<0.001) compared with rural hospitals (11.4%
absolute, p=0.04; 12.0% per capita, p=0.05) (supplementary table 3). Additionally, the total number of urban EDs
increased by 2.3% (p=0.33), while rural EDs declined by
3.1% (p<0.01). For-profit and non-profit organisations
owned most newly built urban EDs (+6.9% and +2.7%,
respectively), whereas all rural EDs and most urban EDs
that closed were government-owned. No new for-profit or
non-profit EDs were built in rural areas.
ED beds increased in both urban and rural settings
by +30.2% (p<0.001) and +19.8% (p<0.01), respectively
online (supplementary table 3). ICU beds increased
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Figure 1 (A) Total emergency department (ED) visits,
ED beds, ED beds per ED visit, total ED admissions and
per cent change, 2005–2014. (B) Total admissions, licensed
medical/surgical beds, licensed beds per admission and
per cent change, 2005–2014. (C) Total admissions, licensed
psychiatric beds, licensed psychiatric beds per admission
and per cent change, 2005–2014. (D) Total admissions,
licensed chemical dependency beds, licensed chemical
dependency beds per admission and per cent change,
2005–2014. *Denotes changes from 2005 to 2014 that are
significant (p<0.05).

Downloaded from http://bmjopen.bmj.com/ on June 24, 2017 - Published by group.bmj.com

Open Access

Figure 2 Per cent change in licensed inpatient beds per admission in hospitals with and without emergency departments,
2005–2014. *Denotes changes from 2005 to 2014 that are significant (p<0.05). CCU, coronary care unit; Chem, chemical
dependency; ICU, intensive care unit; Med/Surg, medical/surgical; Psych, psychiatric.

DISCUSSION
According to prior literature, ED supply of beds
meets increasing patient demand for acute care.19 20 33
Consistent with the literature, our findings revealed
sustained growth in ED visits and ED beds from
2005 to 2014.19 20 33–36 We also found an increase (1.8%)
in the total number of EDs since 2005, in contrast to
prior trends of California ED decline.3 19 However,
our novel measure of beds per visit showed an overall
decrease (−3.9%) in ED bed supply per visit, illustrating
that traditional capacity metrics conceal shortages in
actual ED bed supply relative to demand.
Our work builds on current ED supply studies by using
supply and demand in the context of ED beds per ED visit,
capturing supply relative to change in patient demand
not measured by absolute bed statistics or per capita rates.
Through this lens, our study observed fewer ED beds per
ED visit over time. These findings possibly indicate that
either bed supply may not be keeping up with actual
demand, or that ED length of stay may be decreasing over
time due to increased efficiency. Improvements in ED

efficiency over the past decade have resulted from process
improvement implementation efforts (eg, Lean).37
Recent studies showed hospitals achieved national goals
for median ED length of stay and ED treatment times,
but consistently continued to perform poorly on the 90th
percentile ED length of stay and ED boarding times,38–41
suggesting that these trends may be evidence of an overwhelmed hospital system beyond the ED.
Generally, inpatient crowding contributes greatly to
ED crowding.42 However, in our inpatient analyses, we
showed an increasing trend of inpatient beds per admission over time in the setting of declining hospitalisation
numbers. The overall growth of inpatient bed supply relative to demand may be explained by numerous factors,
including a national trend in what appears to be a higher
threshold for admission,43–50 well-documented trends in
decreased inpatient length of stay,51 52 declines in direct
hospital admissions due to strict and complex admission
policies,2 43 51 and reservation of empty beds.53 54 For
example, one study noted greater than 60% of hospitals
board patients in the ED despite having empty beds elsewhere in the hospital reserved for patients who may or
may not use these allocated beds (eg, transfer patients,
patients having elective admissions, or to maintain
hospital layout plans that preallocate and group beds by
specialties).53 Our findings of inpatient growth in bed
supply may largely be influenced by decreases in admission
numbers rather than increased accessibility to inpatient
beds. In fact, our analyses illustrated nearly a 25% growth
in ED-facilitated admissions despite the decline in total
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in urban settings (+22.1%, p<0.001), but declined
in rural settings (−9.2%, p<0.001). Medical/surgical
beds increased in urban settings (+6.3%, p<0.001) and
declined in rural settings (−9.0%, p<0.01). Other inpatient bed types decreased, with the most pronounced
reduction in rural settings where hospitals with EDs eliminated all psychiatric beds (from 16 psychiatric beds in
2005 to 0 starting from 2007 to 2014).
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This paper shows that traditional bed counts provide
insufficient, or even potentially misleading, information
about ED and inpatient hospital supply. Using our novel
measure, we found concerning trends of decreasing
supply over the last decade. Measurement of ED and
inpatient supply could be further improved if accurate
reporting of licensed and staffed bed types were available
to reflect realistic variations in bed supply. Streamlining
supply to meet fluctuating demands should integrate
capacity management across entire hospital systems,51
and use evidence-based process improvement interventions within EDs and other inpatient units to improve
efficiency and clinical outcomes.37 53 67
This study has several limitations. First, our supply analyses only covered hospitals operating in California, and
therefore may not generalise to all of the hospitals in
the USA, although the issue of ED crowding continues
to be a nationwide phenomenon. Second, the data we
used lacked variables that would be useful in further
characterising hospital capacity, including ED length of
stay, bed occupancy time, other ED treatment spaces (eg,
chairs, hallway gurneys) and hospital service disposition
of admitted patients (eg, medical/surgical, ICU). Specifically, we note that OSPHD’s reporting of staffed inpatient
beds, especially prior to 2012, may be biased upwards
due to reporting errors; therefore, we limited our analyses of staffed beds to our study endpoint of 2014 and
reported a conservative upper bound on the number of
staffed beds.68 Nevertheless, because the same number
for licensed and staffed beds may have been reported in
the past, our findings regarding the inadequate supply
of resources are conservative, which proves more troubling. Future studies should examine hospital occupancy
rates as a ratio of licensed beds and treatment spaces, and
as a ratio of staffed beds and treatment spaces in order
to adequately gauge true bed supply. Third, we analysed statewide averages of California’s hospital systems,
but these alone may mask individual hospital supply
and patient demand scenarios occurring within specific
communities and counties. Future studies should explore
trends at the county and patient levels.

hospitalisations, and almost a 15% reduction in medical/
surgical beds per ED admission online (supplementary
figure 2). Our findings suggest that inefficient allocation
of inpatient resources for admitted ED patients may exist.
Hospital bed growth has been limited due to historical
and operational reasons. In the 1990s, researchers identified excess inpatient capacity and unneeded hospital
beds, resulting in policymakers’ decision to reduce inpatient bed supply and to close EDs and hospitals.19 55 56 In
the last two decades, however, increasing population size,
demographic changes in insurance coverage and disease
complexity, and evolving physician practice patterns due
to malpractice concerns have strained already limited
supply.51 57 Hospitals have been slow to respond to
increasing demand due to uncertainties with predicting
acute service needs,51 58 increased emphasis on cost
control51 55 and staffing shortages.10 21 59 60 In particular,
staffing existing beds proves problematic with nursing
and personnel shortages, let alone new beds60–62; analyses
project national shortages of 300 000 to 1 000 000 nursing
jobs by 2020.63 Therefore, the concern for adequate inpatient bed capacity and hospital staffing appears warranted.
Overall, our research showed that inpatient bed supply
never functioned at full capacity, despite the influx of
patient need for beds. Between 2005 and 2014, a consistent gap existed between licensed and staffed medical/
surgical beds (online supplementary figure 3). Most
hospitals meet federal benchmarks for surge capacity
when measured by annual licensed bed counts.29 However,
one study used daily measures of staffed beds and found
that hospitals fell below federal surge standards 78% of
the time,29 suggesting that our current hospital system
is frequently depleted of even emergency bed supply.
Maintaining licensed beds holds limited value if hospitals
lack the resources to convert them to staffed beds.28 29 60
Future research should consistently analyse staffed beds
when assessing true hospital supply.
Lastly, we found that the number of medical/surgical,
ICU and CCU beds per admission increased over the past
10 years in hospitals with EDs once we examined inpatient bed types at a granular level. However, we observed
disturbing trends of reduction in psychiatric and chemical dependency bed supply that suggests an ED’s
ability to care for urgent psychiatric or substance abuse
admitted patients is compromised due to lack of inpatient resources. Existing research points to four decades
of deinstitutionalisation of acute psychiatric care, as well
as substantial nationwide budget cuts in mental health
spending, resulting in dwindling inpatient psychiatric and
chemical dependency bed capacity,64 65 despite increasing
prevalence of psychiatric cases presenting to the ED.66
Psychiatric bed shortages exacerbate ED crowding, particularly as psychiatric patients often board in the ED far
longer than medical patients.38 65 66 Economic reinvestments in mental health, restoration of acute psychiatric
reimbursements and reopening of inpatient facilities are
a few steps towards addressing mismatches in psychiatric
and chemical dependency supply and demand.
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CONCLUSION
Strategies to improve patient care and reduce wait times in
the ED require a broader understanding of both hospital
supply factors and patient utilisation trends. Our novel
metrics capturing both supply of beds and visit demand
demonstrate that recent trends of hospital supply may be
insufficient to keep pace with growing ED patient demand
and evolving, complex medical conditions. Analyses with
more concise metrics that reflect shifts in patient demand
over time such as the measures we have offered in this
study may be more beneficial for healthcare policymakers
and planners to better respond to growing demands in
emergency and hospital care.

Downloaded from http://bmjopen.bmj.com/ on June 24, 2017 - Published by group.bmj.com

Open Access
California at San Francisco) for their administrative assistance. No compensation
was received for their contributions.
Contributor Study concept and design: RYH. Acquisition of data: RYH, MJN.
Analysis and interpretation of data: RYH, JLC, MJN. Drafting of the manuscript: JLC.
Critical revision of the manuscript for important intellectual content: RYH, MJN.
Statistical analysis: MJN, JLC.
Competing interests None declared.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement The data used in this study are available through the
California Office of Statewide Health Planning and Development (OSHPD). To
request the data, e-mail H
 IRCNonPublic@oshpd.ca.gov.
Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/
© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Emergency Medical treatment and Active Labor Act. 42 USC
§1395dd 1986.
2. Gonzalez Morganti K, Bauhoff S, Blanchard JC, et al. The evolving
role of emergency departments in the United States. Santa Monica,
CA: RAND Corporation, 2013. http://www.rand.org/content/dam/
rand/pubs/research_reports/RR200/RR280/RAND_RR280.pdf.
(accessed 1 Oct 2015).
3. Melnick GA, Fonkych K. Is California’s hospital-based ED system
eroding? Oakland, CA: California HealthCare Foundation Issue Brief
2009.
4. Pitts SR, Pines JM, Handrigan MT, et al. National trends in
emergency department occupancy, 2001 to 2008: effect of inpatient
admissions versus emergency department practice intensity. Ann
Emerg Med 2012;60:679–86.
5. Weiss AJ, Wier LM, Stocks C, et al. Overview of emergency
department visits in the United States, 2011. HCUP Statistical Brief
#174, Rockville, MD: Agency for Healthcare Research and Quality,
2014. https://www.hcup-us.ahrq.gov/reports/statbriefs/sb174-
Emergency-Department-Visits-Overview.pdf (accessed 15 May
2016).
6. American College of Emergency Physicians. 2015 ACEP poll
Affordable Care Act research results. 2015 http://newsroom.acep.
org/2015-05-04-ER-Visits-Continue-to-Rise-Since-Implementation-
of-Affordable-Care-Act (accessed 15 May 2016).
7. Institute of Medicine (U.S.), Committee on the Future of Emergency
Care in the UnitedStates Health System. Hospital-based emergency
care: at the breaking point. Washington, DC: National Academies
Press, 2007.
8. Centers for Disease Control and Prevention. QuickStats: median
emergency department (ED) wait and treatment times, by triage level
– National Hospital Ambulatory Medical Care Survey, United States,
2010-2011. Morb Mortal Wkly Rep 2014;63:439.
9. Hoot NR, Aronsky D. Systematic review of emergency department
crowding: causes, effects, and solutions. Ann Emerg Med
2008;52:126–36.
10. Derlet RW, Richards JR. Overcrowding in the nation's emergency
departments: complex causes and disturbing effects. Ann Emerg
Med 2000;35:63–8.
11. Derlet RW, Richards JR, Kravitz RL. Frequent overcrowding in U.S.
emergency departments. Acad Emerg Med 2001;8:151–5.
12. Shen YC, Hsia RY. Does decreased access to emergency
departments affect patient outcomes? Analysis of AMI population
1996-2005. Health Serv Res 2012;47:188–210.
13. Sun BC, Hsia RY, Weiss RE, et al. Effect of emergency department
crowding on outcomes of admitted patients. Ann Emerg Med
2013;61:605–11.
14. Shen YC, Hsia RY. Association between ambulance diversion and
survival among patients with acute myocardial infarction. JAMA
2011;305:2440–7.
15. Richards JR, Navarro ML, Derlet RW. Survey of directors of
emergency departments in California on overcrowding. West J Med
2000;172:385–8.

Chow
JL, et al. BMJ Open 2017;7:e014721. doi:10.1136/bmjopen-2016-014721


16. Derlet RW. Overcrowding in emergency departments: increased
demand and decreased capacity. Ann Emerg Med 2002;39:430–2.
17. Warden CR, Bangs C, Norton R, et al. Temporal trends in ambulance
diversion in a mid-sized metropolitan area. Prehosp Emerg Care
2003;7:109–13.
18. Henry M. Overcrowding in America's emergency departments:
inpatient wards replace emergency care. Acad Emerg Med
2001;8:188–9.
19. Lambe S, Washington DL, Fink A, et al. Trends in the use and
capacity of California's emergency departments, 1990-1999. Ann
Emerg Med 2002;39:389–96.
20. Melnick GA, Nawathe AC, Bamezai A, et al. Emergency department
capacity and access in California, 1990-2001: an economic analysis.
Health Aff (Millwood) 2004;136–42.
21. Burt CW, McCaig LF. Staffing, capacity, and ambulance diversion in
emergency departments: United States, 2003-04. Advance data from
vital and health statistics; no 376. Hyattsville, MD: National Center for
Health Statistics2006.
22. Howell E, Bessman E, Marshall R, et al. Hospitalist bed management
effecting throughput from the emergency department to the intensive
care unit. J Crit Care 2010;25:184–9.
23. OSHPD annual financial report database years 2005-2014. California
Office of Statewide Health Planning and Development, http://www.
oshpd.ca.gov/HID/Products/Hospitals/AnnFinanData/PivotProfles/
default.asp (accessed 1 Oct 2015).
24. OSHPD Hospital annual utilization data, 2005-2014. California Office
of Statewide Health Planning and Development, http://www.oshpd.
ca.gov/hid/Products/Hospitals/Utilization/Hospital_Utilization.html
(accessed 1 Oct 2015).
25. Ingram DD, Franco SJ. 2013 NCHS urban-rural classification scheme
for counties. National Center for Health Statistics. Vital Health Stat
2014:1–73.
26. OSHPD list of hospitals in California, USA. California Office of
Statewide Health Planning and Development, http://gis.oshpd.ca.
gov/atlas/places/list-of-hospitals (accessed 1 Oct 2015).
27. OSHPD Appendix B, Glossary. California Office of Statewide Health
Planning and Development, www.oshpd.ca.gov/HID/Products/
Hospitals/AnnFinanData/Manuals/Apndxb.pdf (accessed 1 Oct
2015).
28. Gamble M. Close hospitals? not so fast. the Daily beat blog. Becker’s
Hospital Review 2014 www.beckershospitalreview.com/healthcare-
blog/close-hospitals-not-so-fast.html (accessed 1 Oct 2015).
29. DeLia D. Annual bed statistics give a misleading picture of hospital
surge capacity. Ann Emerg Med 2006;48:384–8.
30. Kanzaria HK, Probst MA, Hsia RY. Emergency Department Death
Rates dropped by nearly 50 Percent, 1997-2011. Health Aff
(Millwood) 2016;35:1303–8.
31. Hsia RY, Nath JB, Baker LC. Emergency department visits by
children, adolescents, and young adults in California by insurance
status, 2005-2010. JAMA 2014;312:1587–8.
32. Hsia RY, Brownell J, Wilson S, et al. Trends in adult emergency
department visits in California by insurance status, 2005-2010. JAMA
2013;310:1181–3.
33. Tang N, Stein J, Hsia RY, et al. Trends and characteristics of US
emergency department visits, 1997-2007. JAMA 2010;304:664–70.
34. Melnick GA, Bamezai A, Green L, et al. Emergency departments
in the health care system: use of services in California counties.
Oakland, CA: California HealthCare Foundation Issue Brief, 2003.
35. McConville S, Lee H. Emergency department care in California: who
uses it and why? California Counts, Population Trends and Profiles.
San Francisco, CA: Public Policy Institute of California, 2008.
36. Melnick GA, Bamezai A, Green L, et al. California’s emergency
departments: system capacity and demand. Oakland, CA: California
HealthCare Foundation Issue Brief, 2002.
37. Holden RJ. Lean thinking in emergency departments: a critical
review. Ann Emerg Med 2011;57:265–78.
38. Zhu JM, Singhal A, Hsia RY. Emergency Department Length-Of-Stay
for Psychiatric Visits was significantly longer than for nonpsychiatric
visits, 2002-11. Health Aff (Millwood) 2016;35:1698–706.
39. Fee C, Burstin H, Maselli JH, et al. Association of emergency
department length of stay with safety-net status. JAMA
2012;307:476–82.
40. McCarthy ML, Zeger SL, Ding R, et al. Crowding delays treatment
and lengthens emergency department length of stay, even among
high-acuity patients. Ann Emerg Med 2009;54:492–503.
41. Herring A, Wilper A, Himmelstein DU, et al. Increasing length of stay
among adult visits to U.S. Emergency departments, 2001-2005.
Acad Emerg Med 2009;16:609–16.
42. Moskop JC, Sklar DP, Geiderman JM, et al. Emergency department
crowding, part 1--concept, causes, and moral consequences. Ann
Emerg Med 2009;53:605–11.

7

Downloaded from http://bmjopen.bmj.com/ on June 24, 2017 - Published by group.bmj.com

Open Access
43. Schuur JD, Venkatesh AK. The growing role of emergency
departments in hospital admissions. N Engl J Med 2012;367:391–3.
44. Collins SP, Pang PS, Fonarow GC, et al. Is hospital admission
for heart failure really necessary?: The role of the emergency
department and observation unit in preventing hospitalization and
rehospitalization. J Am Coll Cardiol 2013;61:121–6.
45. Croskerry P, Campbell S, Forster AJ. Chapter 24: Discharging
safely from the emergency department. In: Croskerry P, Cosby KS,
Schenkel SM, Wears R, eds. Patient safety in Emergency Medicine.
Philadelphia, PA: Lippincott Williams & Wilkins, 2009:163–71.
46. Billings J, Zeitel L, Lukomnik J, et al. Impact of socioeconomic
status on hospital use in New York City. Health Aff (Millwood)
1993;12:162–73.
47. Russo MJ, McConnochie KM, McBride JT, et al. Increase in
admission threshold explains stable asthma hospitalization rates.
Pediatrics 1999;104:454–62.
48. Blecker S, Ladapo JA, Doran KM, et al. Emergency department visits
for heart failure and subsequent hospitalization or observation unit
admission. Am Heart J 2014;168:901–8.
49. Wright B, O'Shea AM, Ayyagari P, et al. Observation rates at
Veterans' Hospitals more than Doubled during 2005-13, similar to
Medicare Trends. Health Aff (Millwood) 2015;34:1730–7.
50. Tomar B. Spotlight on observation care. American College of
Emergency Physicians, 2010 https://www.acep.org/content.aspx?id=
72989 (accessed 1 Jan 2017).
51. Bazzoli GJ, Brewster LR, May JH, et al. The transition from
excess capacity to strained capacity in U.S. hospitals. Milbank Q
2006;84:273–304.
52. Kalra AD, Fisher RS, Axelrod P. Decreased length of stay and
cumulative hospitalized days despite increased patient admissions
and readmissions in an area of urban poverty. J Gen Intern Med
2010;25:930–5.
53. Rabin E, Kocher K, McClelland M, et al. Solutions to emergency
department 'boarding' and crowding are underused and may need to
be legislated. Health Aff (Millwood) 2012;31:1757–66.
54. Levin S, Dittus R, Aronsky D, et al. Evaluating the effects of
increasing surgical volume on emergency department patient access.
BMJ Qual Saf 2011;20:146–52.
55. Ennis S, Schoenbaum M, Keeler T. Optimal prices and costs for
hospitals with excess bed capacity. Appl Econ 2000;32:1201–12.
56. Schafermeyer RW, Asplin BR. Hospital and emergency
department crowding in the United States. Emerg Med (Fremantle)
2003;15:22–7.

57. Joskow PL. The effects of competition and regulation on Hospital
Bed Supply and the Reservation Quality of the Hospital. Bell J Econ
1980;11:421–47.
58. Gaynor M, Anderson GF. Uncertain demand, the structure of
hospital costs, and the cost of empty hospital beds. J Health Econ
1995;14:291–317.
59. Sanders JL, Raja AS, Hasegawa K, et al. Decline in consultant
availability in Massachusetts Emergency Departments: 2005 to 2014.
Ann Emerg Med 2016;68:461–6.
60. Bazzoli GJ, Brewster LR, Liu G, et al. Does U.S. Hospital Capacity
need to be expanded? Health Aff 2003;22:40–54.
61. American Association of Colleges and Nursing. Though enrollments
rise at US nursing colleges and universities, increase is insufficient
to meet the demand for new nurses. Washington, DC: American
Association of Colleges and Nursing, 2002.
62. American College of Emergency Physicians. On-call specialist
coverage in US emergency departments. Irving, TX: American
College of Emergency Physicians, 2004.
63. Juraschek SP, Zhang X, Ranganathan V, et al. United States
registered nurse workforce report card and shortage forecast. Am J
Med Qual 2012;27:241–9.
64. Park JM, Park LT, Siefert CJ, et al. Factors associated with extended
length of stay for patients presenting to an urban psychiatric
emergency service: a case-control study. J Behav Health Serv Res
2009;36:300–8.
65. ACEP Emergency Medicine Practice Committee. Care of the
psychiatric patient in the emergency department – a review of
the literature. American College of Emergency Physicians, 2014
https://www.acep.org/uploadedFiles/ACEP/Clinical_and_Practice_
Management/Resources/Mental_Health_and_Substance_Abuse/
Psychiatric%20Patient%20Care%20in%20the%20ED%202014.pdf
(accessed 15 May 2016).
66. Bender D, Pande N, Ludwig M. A literature review: psychiatric
boarding. Washington, DC: US Department of Health and Human
Services (HHS), Office of Disability, Aging, and Long-term Care
Policy (DALTCP) and the Lewin Group, 2008. https://aspe.hhs.gov/
sites/default/files/pdf/75751/PsyBdLR.pdf (accessed 15 May 2016).
67. D'Andreamatteo A, Ianni L, Lega F, et al. Lean in healthcare: a
comprehensive review. Health Policy 2015;119:1197–209.
68. OSHPD Hospital Technical Letter No. 24: California Office of
Statewide Health Planning and Development, 2012. http://www.
oshpd.ca.gov/hid/Products/Hospitals/AnnFinanData/forms/
techletters/hsptechltr24.pdf. (accessed 1 Oct 2015).

8

Chow JL, et al. BMJ Open 2017;7:e014721. doi:10.1136/bmjopen-2016-014721

Downloaded from http://bmjopen.bmj.com/ on June 24, 2017 - Published by group.bmj.com

Trends in the supply of California's
emergency departments and inpatient
services, 2005−2014: a retrospective analysis
Jessica L Chow, Matthew J Niedzwiecki and Renee Y Hsia
BMJ Open 2017 7:

doi: 10.1136/bmjopen-2016-014721
Updated information and services can be found at:
http://bmjopen.bmj.com/content/7/5/e014721

These include:

References

This article cites 44 articles, 9 of which you can access for free at:
http://bmjopen.bmj.com/content/7/5/e014721#BIBL

Open Access

This is an Open Access article distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work
non-commercially, and license their derivative works on different terms,
provided the original work is properly cited and the use is
non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/

Email alerting
service

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Topic
Collections

Articles on similar topics can be found in the following collections
Health services research (1397)
Press releases (130)

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions
To order reprints go to:
http://journals.bmj.com/cgi/reprintform
To subscribe to BMJ go to:
http://group.bmj.com/subscribe/

