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Abstract
Study objective—Emergency department (ED) crowding is a prevalent health delivery problem
and may adversely affect the outcomes of patients requiring admission. We assess the association
of ED crowding with subsequent outcomes in a general population of hospitalized patients.

Methods—We performed a retrospective cohort analysis of patients admitted in 2007 through
the EDs of nonfederal, acute care hospitals in California. The primary outcome was inpatient
mortality. Secondary outcomes included hospital length of stay and costs. ED crowding was
established by the proxy measure of ambulance diversion hours on the day of admission. To
control for hospital-level confounders of ambulance diversion, we defined periods of high ED
crowding as those days within the top quartile of diversion hours for a specific facility. Hierarchic
regression models controlled for demographics, time variables, patient comorbidities, primary
diagnosis, and hospital fixed effects. We used bootstrap sampling to estimate excess outcomes
attributable to ED crowding.
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Results—We studied 995,379 ED visits resulting in admission to 187 hospitals. Patients who
were admitted on days with high ED crowding experienced 5% greater odds of inpatient death
(95% confidence interval [CI] 2% to 8%), 0.8% longer hospital length of stay (95% CI 0.5% to
1%), and 1% increased costs per admission (95% CI 0.7% to 2%). Excess outcomes attributable to
periods of high ED crowding included 300 inpatient deaths (95% CI 200 to 500 inpatient deaths),
6,200 hospital days (95% CI 2,800 to 8,900 hospital days), and $17 million (95% CI $11 to $23
million) in costs.

Conclusion—Periods of high ED crowding were associated with increased inpatient mortality
and modest increases in length of stay and costs for admitted patients.

SEE EDITORIAL, P. 612.

INTRODUCTION
Background

Emergency department (ED) crowding has become an international health delivery
problem.1-3 Increasing frequency of ambulance diversion and left-without-being-seen visits
have led the Institute of Medicine to describe US EDs as nearing “the breaking point,”1 and
multiple other countries have experienced a surge of ED crowding during the past decade.
National policy responses have varied from none to system-wide performance targets.2

Importance
Establishing a definitive relationship between ED crowding and subsequent mortality may
motivate policymakers to address ED crowding as a top public health priority. Limitations
of previous studies assessing the effect of ED crowding on admitted patients include small
hospital samples (n=1 to 6),4-8 lack of case-mix adjustment for comorbidities and primary
illness diagnosis,3-6,8 lack of adjustment for potential hospital-level confounders, and
restriction to specific subgroups such as patients with acute myocardial infarction,9

trauma,10 pneumonia,11 or critical illness.12

Goals of This Investigation
To address these limitations, we studied the effect of ED crowding on patient outcomes in a
regional cohort of adult patients admitted through an ED. ED crowding was represented by a
hospital-normalized measure of ambulance diversion hours on the day of admission. We
hypothesized that high ED crowding would be associated with increased inpatient mortality
rates, length of stay, and hospital costs in a general population of hospitalized patients.

MATERIALS AND METHODS
Study Design and Participants

We performed a retrospective cohort study of adult admissions through the EDs of
nonfederal California hospitals for 2007. Hospital-level exclusion criteria were the absence
of basic or comprehensive emergency services, facilities that closed their hospital or ED in
2007, and facilities that primarily served children (because ED crowding may have
differential effects in pediatric compared with adult populations13). We excluded hospitals
that were prohibited from diverting ambulances by local emergency medical services (EMS)
policy anytime during the study period. We also excluded hospitals that were allowed to but
never requested ambulance diversion in 2007 because such hospitals would provide no
information about the association between ED crowding and outcomes within hospitals.
Finally, we excluded hospitals with incomplete facility-level information. Admission-level
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exclusion criteria included transfers from other hospitals, patients younger than 18 years,
and missing ambulance diversion data on the day of admission.

This study was approved by the institutional review boards of the state of California; the
University of California, Los Angeles; and the University of California, San Francisco.

Data Collection and Processing
All nonfederal health care facilities in California are required to provide hospital discharge
data to the Office of Statewide Hospital Planning and Development. We obtained their
nonpublic use files for all admissions in 2007. Hospital-level financial and structural data
were extracted from 2007 Office of Statewide Hospital Planning and Development public-
use files.

We obtained available data on all episodes of ambulance diversion in California for the
study period. Ambulance diversion policies in 2007 were verified by the directors of all 31
California EMS agencies overseeing out-of-hospital care in 58 counties. Depending on local
EMS policy, ambulance diversion may have been permitted for all, some, or none of the
hospitals in a county. Daily electronic ambulance diversion logs were provided by EMS
agencies in California that permitted ambulance diversion during the study period. These
logs contained the facility, date, duration, and reason for each episode of ambulance
diversion. We reformatted these data to obtain daily, facility-specific ambulance diversion
hours caused by ED saturation. The definition of ED saturation varied by EMS agency;
some agencies had explicit criteria (eg, the presence of boarded patients awaiting an
inpatient critical care unit bed), although this was not universal. The enforcement of ED
saturation criteria to justify ambulance diversion also varied among the EMS agencies.
Episodes of ambulance diversion for reasons other than ED saturation, such as hospital
internal disaster or temporary lack of subspecialty or imaging services, were excluded from
this analysis. Three of the EMS agencies were missing data for 2 to 4 weeks because of
upgrades to their diversion tracking software, and 1 EMS agency was missing data from
January through March.

Outcome Measures
The primary outcome was inpatient mortality. Secondary outcomes included length of stay
and hospital costs. Inpatient mortality, length of stay, and hospital charges were obtained
from Office of Statewide Hospital Planning and Development visit-level data. The length of
stay was defined as the number of days between the date of admission to the date of
discharge; this interval included time spent in the ED as a “boarded” patient awaiting an
inpatient bed. Hospital costs were estimated by applying overall facility-specific cost-to-
charge ratios, available in 2007 Office of Statewide Hospital Planning and Development
public-use files, to hospital charges.

We used daily ambulance diversion hours on the day of admission to create a hospital-
normalized measure of ED crowding. Ambulance diversion occurs when ED staff can no
longer safely care for new patients and ambulances are diverted to nearby facilities.
Ambulance diversion has face validity as a proxy measure14 and has been used as a criterion
standard for developing ED crowding scales.15 Ambulance diversion is also routinely
measured by out-of-hospital and regulatory agencies.16

Ambulance diversion rates vary greatly between and within EMS systems.16 Differences in
EMS policies and how hospitals interpret such policies may influence ambulance diversion
rates. To adjust for potential hospital-level confounding of ambulance diversion that may be
unrelated to ED crowding, we defined periods of high ED crowding as days within the top
quartile of daily ambulance diversion hours for a specific facility. We used a top quartile
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definition because exploratory analyses suggested a threshold effect occurring at that cutoff.
All other days were considered periods of normal ED crowding. This approach uses each
hospital as its own control to define high levels of ED crowding. Many facilities (44%)
experienced ambulance diversion less than one quarter of the days in 2007; therefore, the
percentage of facility days categorized as those with high ED crowding (17%) was less than
25% of all facility days.

We collected data on admission-level characteristics that may be related to the outcomes,
including age, sex, race or ethnicity, time indicators, comorbidities, and primary discharge
diagnosis. Race and ethnicity were dichotomized as white or non-Hispanic versus all others
(nonwhite). Because ED crowding may be related to time of year,17 we included indicators
for calendar months and for weekend versus weekday corresponding to the day of
admission. We used Office of Statewide Hospital Planning and Development secondary
discharge diagnoses codes (up to 24 coded per admission) and the Elixhauser classification
system18 to identify the presence or absence of 30 comorbid conditions. Primary discharge
diagnosis was categorized with the Clinical Classifications software developed by the
Agency for Healthcare Research and Quality.19 The software cross-maps all International
Classification of Diseases, Ninth Revision discharge diagnosis codes to approximately 200
clinically coherent categories.

Primary Data Analysis
In descriptive analyses of hospital admissions stratified by presence of high ED crowding,
we assessed for baseline difference with hospital-level fixed effects models for continuous
variables and Cochran-Mantel-Haenzel test stratified by hospital for categorical variables.
Length of stay and costs were log transformed to correct for right-skewed data.

All outcomes were modeled with hierarchic regressions, with hospital admission as the unit
of analysis (see Appendix E1, available online at http://www.annemergmed.com). The key
predictor in our models was a binary indicator of high ED crowding on the day of hospital
admission. Admissions were clustered within hospitals, and all models included a hospital
fixed effect (dummy variable for each hospital). Primary diagnosis category was included as
a random effect, and comorbidities were included as fixed effects. All models included
admission and hospital-level covariates described in the previous section.

In our primary analysis, inpatient mortality was modeled with a logistic link function.
Secondary outcomes of length of stay and costs were modeled as continuous variables after
a log transformation. To improve interpretability, results for the secondary outcomes were
back-transformed to the original units.

We generated population-level estimates of mortality and resource use attributable to high
ED crowding. We performed a simulation comparing the observed data to a hypothetical
state when all admissions occurred on days without high ED crowding. Using our hierarchic
regression models, we imputed differences in outcomes as if all admissions on high ED
crowding days had occurred on normal ED crowding days. Bootstrap sampling (n=100)
stratified by facility and level of crowding (high versus low) was implemented to estimate
95% confidence interval (CI) for each of the 3 outcomes. Random sampling with equal
probability and with replacement was conducted within strata.20

We performed 2 additional sensitivity analyses. First, we assessed the effect of ED crowding
on inpatient deaths occurring in the first 3 days because the effect of ED crowding on
inhospital mortality may attenuate over time. Second, we assessed an alternative definition
of ED crowding. Adapting a methodology described by Guttmann et al,21 we used a hospital
fixed-effect model and assessed ED crowding by non-normalized daily diversion hours.
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Days were divided into 3 categories: 0 (reference), 0 to 5, and greater than 5 hours of
ambulance diversion; in contrast to the primary analysis, this alternative ED crowding
measure did not use hospitals as their own internal control.

All data management and analysis was performed with SAS (version 9.2; SAS Institute,
Inc., Cary, NC).

RESULTS
The Figure illustrates the construction of the study cohort. Excluded hospitals were more
likely to be located in single-hospital, low-population-density counties and served patients
who were more likely to be young, white, and poor than those treated at included hospitals
(Table E1, available online at http://www.annemergmed.com). Our study cohort included
995,379 admissions occurring through the ED at 187 hospitals. Admission and hospital level
characteristics are presented in Table 1 and Table E2 (available online at http://
www.annemergmed.com), respectively. There were complete data on inpatient mortality and
length of stay, and there were minimal missing data on covariates used in this analysis
(<0.8% race; <0.1% sex; complete data on other covariates). A subset of integrated health
systems and county hospitals was exempted from cost reporting; approximately 15% of
visits (n=150,611) were excluded from cost analysis because of missing cost data. On
unadjusted analyses, inpatient mortality, length of stay, and costs were higher on high ED
crowding days (Table 1).

Table 2 presents adjusted analyses. (Full model results are in Tables E3 to E5, available
online at http://www.annemergmed.com.) High ED crowding was associated with 5%
greater odds of inpatient death (95% CI 2% to 8%), 0.8% longer hospital length of stay
(95% CI 0.5% to 1%), and 1% increased costs per admission (95% CI 0.7% to 2%). Excess
adverse outcomes attributable to periods of high ED crowding included 300 inpatient deaths
(95% CI 200 to 500 inpatient deaths), 6,200 hospital days (95% CI 2,800 to 8,900 hospital
days), and $17 million (95% CI $11 to $23 million) in costs for the 1-year study period.

We performed 2 additional sensitivity analyses. In fully adjusted models, high ED crowding
was associated with 9% (95% CI 4% to 13%) greater odds of inhospital death within 3 days.
We also assessed ED crowding by number of daily ambulance diversion hours (Table 3).
Admission on days with greater than 5 ambulance diversion hours compared with 0
diversion hours was associated with 6% increased odds of inpatient death (95% CI 2% to
10%).

LIMITATIONS
Our study is subject to potential limitations. First, ambulance diversion hours may be an
imperfect measure of ED crowding. For example, this measure may be poorly sensitive to
ED crowding at facilities that rarely request ambulance diversion. Furthermore, daily
diversion hours may not reflect ED crowding experienced by an individual patient, and
variation in ED crowding may be greater within than across days.22 Unfortunately, the time
of ED evaluation is unavailable through the Office of Statewide Hospital Planning and
Development data. However, all of these concerns generate a conservative bias toward the
null hypothesis, and we believe that the true effect of ED crowding is greater than our
reported estimates. Alternative measures of ED crowding, such as occupancy, length of stay,
and boarding time,23 are not collected by the Office of Statewide Hospital Planning and
Development, and future studies should compare the predictive validity of multiple ED
crowding measures.
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Second, findings from our observational study may be subject to unmeasured confounding.
We mitigate the potential for confounding by controlling for patient-level case mix and
primary discharge diagnosis, and our hospital normalized measure of ED crowding adjusts
for confounding by facility-level factors.

Third, our observational design cannot exclude the possibility of endogeneity or reverse
causation (eg, patients with worse outcomes cause ED crowding). Future studies may
consider the study of natural experiments or the use of advanced analytic techniques (eg,
instrumental variables) to better assess causation.

Fourth, ED crowding is a symptom of inpatient bed saturation,24 and it is possible that our
findings are mediated through inpatient rather than ED crowding. This latter explanation is
made less likely by mandated nurse-patient ratios that were implemented statewide in
2005.25 These ratio requirements may mitigate crowding in inpatient settings that have a
fixed number of staffed beds. Conversely, mandated ratios may contribute to ED crowding
when surges in patient demand exceed available ED nursing.26,27 Our study is not designed
to assess potential causal mechanisms, and these should be explored in future research.
Nevertheless, our findings suggest that ED crowding is a marker of poor-quality care, and
we believe that hospitals experiencing high ED crowding should address the root cause of
inpatient bed saturation.28-30

Fifth, despite the depth and breadth of data from multiple EMS systems and hospitals, our
findings may not generalize to other settings and countries. For example, we excluded many
rural hospitals because of the lack of ambulance diversion data, and future studies of such
facilities need to use alternative measures of ED crowding.

DISCUSSION
Patients admitted through the ED during periods of high ED crowding died more often than
similar patients admitted to the same hospital when the ED was less crowded. There were
also modest increases in inpatient length of stay and hospital costs. These findings persisted
after extensive case-mix adjustment for patient demographics, comorbidities, and primary
discharge diagnosis. Our fixed-effect model controls for confounding by facility
characteristics, and our hospital-normalized definition of ED crowding controls for
variations in EMS diversion policies and hospital interpretation of such policies.

Although others have reported similar associations in small hospital cohorts or specific
patient subgroups,3-12 our study generalizes these findings to a large sample of hospitals and
unselected admissions from the ED. Our results are robust to the timing of inhospital deaths
(any inpatient death versus <3 days) and the specification of the ED crowding measure.
Most previous studies reported an association between measures of ED crowding with
mortality (adjusted risk ratios ranging from 1.3 to more than 3).4-8 Effect estimates across
studies are not directly comparable because of differences in ED crowding definitions, study
populations, and case-mix adjustment; however, the literature in aggregate strongly suggests
that ED crowding is associated with worse outcomes in admitted patients.

We suggest several potential mechanisms for the association of crowding and poorer
outcomes, using the widely accepted input-throughput-output conceptual model.31 Input is
related to patient demand for emergency services before ED arrival. ED crowding may
reduce access through prolonged waiting times or through increased time to care as a result
of longer ambulance transport after diversion. Throughput describes the operations within
the ED. A large literature has demonstrated the negative effect of ED crowding on
throughput,32 including delays in the treatment of myocardial infarction, pneumonia, and
painful conditions. Finally, output focuses on the transfer or discharge of patients from the
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ED. A common barrier to output is high inpatient occupancy, resulting in patients boarding
in the ED while waiting for an available hospital bed. Prolonged boarding times may delay
definitive testing and increase short-term mortality, length of stay, and associated costs.33-35

Continuity of care in the ED may be compromised by frequent nursing and physician shift
changes, and ED priority on evaluating new patients may divert attention from ongoing care
of boarded patients.

Our findings support the perception of ED crowding as a marker of poor quality of care.
Although the adjusted odds ratios for individual-level outcomes are modest, we demonstrate
an important aggregate effect on mortality, length of stay, and costs. Factors underlying ED
crowding are likely to become worse. The aging of populations in developed countries has
greatly increased the volume, complexity, and acuity of patients presenting to the ED.36 In
the United States, the number of EDs increased 4%, from 4,600 in 2001 to 4,800 in 2006,
whereas the number of ED visits increased 11%, from 107 million to 120 million during the
same period.31 Attempts to maximize inpatient bed occupancy have reduced the ability of
hospitals to absorb new patients and increased the prevalence of admitted patients boarding
in the ED.36 The availability2 or implementation37 of universal health insurance is unlikely
to slow this trend.

Despite the prevalence and effect of ED crowding, most developed countries lack
coordinated national policy responses.2 In 2005, the United Kingdom implemented a rule
limiting ED length of stay to 4 hours; however, this policy was recently abandoned, and
there is insufficient evidence to assess the effect of the 4-hour rule on outcomes. Several
provinces in Canada have pay-for-performance targets for ED length of stay, although this is
not a nationwide policy. The Centers for Medicare & Medicaid Services recently initiated
hospital-level collection of several ED throughput measures. These data will not be publicly
reported until 2014, and it is unclear how these metrics will be used to improve
performance. As a result, near-term efforts to reduce ED crowding will likely focus on
hospital-level interventions. Professional task forces have previously described various
approaches to decrease ED crowding,24 although efficacy has primarily been measured
through proxy outcomes such as boarding times and rates of leaving without being seen.
Future research should assess whether such interventions decrease adverse events and
resource use.

In summary, we found that ED crowding is associated with increased mortality, length of
stay, and costs in a large cohort of admitted patients. Our study provides additional evidence
that ED crowding is a marker for worse care for all ED patients who might require hospital
admission. In 2006, the Institute of Medicine described an overburdened US emergency care
system and outlined potential policy remedies in a report titled Future of Emergency Care:
Hospital-Based Emergency Care at the Breaking Point.1 Despite mounting evidence that ED
crowding is a health delivery problem that reduces access to emergency care, results in
worse quality of care, and leads to lower patient satisfaction,32 there have subsequently been
few systematic actions to address the crisis of ED crowding. Policymakers should heed the
recommendations of the Institute of Medicine and address ED crowding as an important
public health priority.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Editor’s Capsule Summary

What is already known on this topic

Emergency department (ED) crowding is widely prevalent and initiatives to end this
condition have become a policy priority.

What question this study addressed

This study describes the association between ED crowding and mortality, length of stay,
and cost.

What this study adds to our knowledge

The authors demonstrate that crowding is associated with increased mortality, length of
stay, and cost.

How this is relevant to clinical practice

The association between ED crowding and patient outcomes strengthens the argument to
end the practice of ED boarding.
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Figure.
Study flowchart.
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Table 1

Characteristics of the study cohort.

Admissions

Variables Total
(n=995,379)

High ED Crowding
(n=197,325; 20%)*

Normal ED Crowding
(n=798,054; 80%)

Ambulance diversion hours

 Median (IQR) 0.6 (0, 4.67) 7.1 (3.6, 11.2) 0 (0, 2.2)

Outcomes

 Inpatient mortality, No. (%)† 36,281 (3.6) 7,628 (3.9) 28,653 (3.6)

  Length of stay, days

  Mean (SD)† 5 (±7) 5 (±7) 5 (±7)

  Median (IQR) 3 (2, 6) 3 (2, 6) 3 (2, 6)

  Costs, $

  Mean (SD)† 12,787 (21,134) 13,089 (22,301) 12,710 (20,827)

  Median (IQR) 7,423 (4,378, 13,548) 7,410 (4,348, 13,678) 7,524 (4,386, 13,515)

Covariates

 Age (SD), mean, y† 62.2 (19.6) 62.1 (19.6) 62.2 (19.6)

 Male (%) 472,048 (47.4) 94,217 (47.8) 377,831 (47.3)

 Nonwhite (%) 312,116 (31.4) 62,059 (31.5) 250,057 (31.3)

  Selected comorbidities

  Hypertension (%) 478,431 (48.1) 94,184 (47.7) 384,427 (48.1)

  Uncomplicated diabetes mellitus (%) 177,789 (17.9) 35,361 (17.9) 142,428 (17.8)

  Chronic pulmonary disease (%)‡ 135,461 (13.6) 26,743 (13.6) 108,718 (13.6)

  Renal failure (%)† 132,336 (13.3) 26,455 (13.4) 105,881 (13.3)

  Congestive heart failure (%)‡ 103,073 (10.4) 20,320 (10.3) 82,753 (10.4)

IQR, interquartile range; SD, standard deviation; y, years.

*
The percent of facility-days categorized as those with high ED crowding (17%) was less than 25% of all facility-days; thus, less than 25% of all

admissions occurred on high ED crowding days.

†
For high vs normal ED crowding for outcomes and covariates, P<.001.

‡
For high vs normal ED crowding for outcomes and covariates, P<.05.
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Table 2

Adjusted association between high ED crowding and patient outcomes.*

Inpatient Mortality,
N=995,358

Length of Stay,
N=995,358

Costs,
N=844,219†

Variables OR 95% CI Ratio 95% CI Ratio 95% CI

High ED crowding 1.05 1.02–1.08 1.008 1.005–1.012 1.011 1.007–1.015

Selected covariates

 Age (in 5 y) 1.15 1.14–1.15 1.01 1.009–1.010 0.994 0.994–0.995

 Male 1.04 1.01–1.06 0.995 0.992–0.998 1.037 1.033–1.040

 Nonwhite 0.95 0.92–0.98 1.01 1.007–1.014 1.004 1.000–1.008

*
All models include primary discharge diagnosis and 30 comorbidities. See Appendix E1 (available online at http://www.annemergmed.com) for

full mortality model results.

†
A subset of integrated health system and county hospitals is exempt from costs reporting.
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Table 3

Sensitivity analysis: alternative measure of ED crowding.*

Inpatient Mortality,
N=995,358

Diversion Hours on Admission Date† OR 95% CI

0 (Reference)

0–5 1.02 0.99–1.06

>5 1.06 1.02–1.1

*
Adjusted for hospital fixed-effects and admission-level covariates; see text.

†
Distribution of data: 0, 49%; 0 to 5, 28%; and greater than 5, 23%.

Ann Emerg Med. Author manuscript; available in PMC 2014 June 01.


