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Abstract

Context—Ambulance diversion, a practice in which emergency departments (EDs) are

temporarily closed to ambulance traffic, might be problematic for patients suffering from time-

sensitive conditions. However, there is little empirical evidence to show whether diversion is

associated with worse patient outcomes.

Objective—Analyze whether temporary ED closure on the day a patient suffers from acute

myocardial infarction (AMI), as measured by ambulance diversion hours of the nearest ED, is

associated with increased mortality rates among AMI patients.

Study Design and Main Outcome Measures—Data include 100% Medicare claims data

that cover admissions between 2000 and 2005, linked with date of death until 2006, and daily

ambulance diversion logs from four California counties between 2000 and 2006. We compared the

percentage of AMI patients who die within 7, 30, up to 365 days of admission when their nearest

ED is not on diversion and when that same ED is exposed to <6, 6-12, and ≥12 hours of diversion

out of 24 hours on the day of admission. We control for underlying differences in patient
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population by estimating ED fixed-effects multivariate regression models that also include time-

varying patient and hospital characteristics and seasonal trends adjustment.

Population Studied—The study included 13860 Medicare AMI patients from 508 zip codes

whose admission date was within the relevant time period. Among the hospital universe, 149 EDs

were identified as the nearest ED to these patients.

Results—Between 2000 and 2006, the mean daily diversion duration was 7.9 hours (SD=6.1

hours). Based on analysis of 11652 patients who were admitted to the ED between 2000 and 2005

and whose nearest ED had at least 3 diversion exposure levels (n=3541, 3357, 2667, and 2060 for

no exposure, exposure to <6, 6-12, and ≥12 hours of diversion, respectively), there is no

statistically significant differences, at the 5% level, in mortality rates between no diversion and

exposure to diversion under 12 hours. Exposure to 12 or more hours of diversion is associated

with higher 30-day mortality compared to no diversion status (actual mortality rate: 19% [n=392]

vs. 15% [n=545]; regression adjusted difference: 3.24 percentage point [95% Confidence Interval,

CI: 0.6-5.88]); higher 90-day mortality (26% [n=537] vs. 22% [n=762]; regression adjusted

difference: 2.89 percentage point [CI: 0.13-5.64]); higher 9-month mortality (33% [n=680] vs.

28% [n=980]; regression adjusted difference: 2.93 percentage point [CI: 0.15, 5.71]); and higher

1-year mortality (35% [n=731] vs. 29% [n=1034]; regression adjusted difference: 3.04 percentage

point [CI: 0.33-5.75]).

Conclusions—Among Medicare patients with acute MI in 4 populous California counties,

exposure to at least 12 hours of diversion by the nearest ED was associated with increased 30-day,

90-day, 9-month, and 1-year mortality.

Introduction

A recent synthesis study by the Robert Wood Johnson Foundation and a report by the

Institute of Medicine describe the state of emergency departments (ED) in the US as

reaching a breaking point: the ED system experiences increased utilization but decreased

capacity.1, 2 These trends have led to a milieu of problems for patients, such as longer

waiting times,3-5 overextended staff,6, 7 and disruptions to ambulance services.8, 9

Ambulance diversion, a practice in which EDs are temporarily closed to ambulance traffic

due to overcrowding or lack of available resources, might be especially problematic for

patients suffering from time-sensitive conditions such as acute myocardial infarction (AMI).

Ambulance diversion occurs for a variety of reasons, including overcrowding, shortage of

ED staff, and lack of specialty services (e.g., trauma, neurosurgery), staffed inpatient beds,

or specialty facilities (CCU, ICU beds, or major equipment failures).2, 8 Regardless of the

reason for diversion, an ED on diversion effectively creates a temporary decrease in ED

access.

While there are many anecdotal reports or single-hospital case studies suggesting the

adverse effects of ambulance diversion and closures on patient care, 10, 11 there is little

systematic empirical evidence to demonstrate these claims.12, 13 A recent ecological study

based on data from New York City found that high levels of diversion were associated with

increased AMI mortality rates.14 Because this study was not conducted at the individual

patient level, however, the authors could not ascertain whether the differences in mortality
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rates were due to diversion or due to unobserved individual patient and hospital

characteristics. As emphasized by the most prominent health service researchers in

emergency medicine, there is a need to document whether decreased access as measured by

diversion affects the quality of care or outcomes and, if so, the extent of such effects. 8, 15

In this study, we use 100% of Medicare claims and daily ambulance diversion logs from

four California counties’ local emergency medical services to analyze the relationship

between ambulance diversion and health outcomes of patients suffering from AMI.

Specifically, we address the following research question: Is temporary ED closure on the

day a patient suffers from AMI, as measured by ambulance diversion hours of the nearest

ED, associated with increased mortality rates among patients with AMI?

Methods

Conceptual Model

An emergency department on diversion can be considered as a signal that available

resources are unable to match demand or a proxy (albeit imperfect) of crowding.16-18

Conceptually, diversion could have implications for both patients who are diverted to other

hospitals and non-diverted patients within the diverting hospital. For patients who had to be

diverted elsewhere, ambulance diversion increases transport time,8 likely causing delays in

receiving treatment and potentially worse prognosis of AMI. Even if the increased transport

time is trivial, the patients might end up in a less desirable setting (for example, ED without

cath capacity if the one with cath capacity is on diversion). For non-diverted patients in an

ED that is on divert (either because these patients were admitted before the status change,

arrived by private vehicles, or were brought in under exception), their outcome could still be

affected as they are in an ED during a time when providers or resources are limited in such a

way to prevent optimal patient care.2

Moreover, diversion in one hospital can potentially affect patients in nearby hospitals, as

nearby hospitals would receive diverted patients. This increased patient load could similarly

cause treatment delays. As our data will show in detail, many EDs are on divert for short

periods of time on a given day, and in many instances have multiple episodes of diversion

throughout a day. Our patient data contain date of admission, but not the exact time of

admission. While we cannot verify that a patient was diverted or not, the conceptual model

described here hypothesizes that longer exposure to diversion hours would be associated

with worse outcome for both the diverted and non-diverted patients in the affected area.

Data Sources

The primary data sources for ambulance diversion were the daily diversion logs from four

California counties: Los Angeles, San Francisco, San Mateo, and Santa Clara. Together,

these four counties represent 63% of California's population, based on 2000 US Census data.

We obtained detailed daily diversion logs for the years 2000-2006 from each county by

directly contacting their local emergency medical services (LEMS) agencies and securing

permission. The first available date of each county's data varies: San Mateo starts Jan 2000,

San Francisco March 2000, Los Angeles June 2001, and Santa Clara Jan 2003. All counties
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have daily logs available until Nov 2006. We only included patients from the relevant

months/years when data for the corresponding county is available.

The LEMS agencies govern and track diversion in all hospitals under each county's

jurisdiction. The daily diversion log is specific to ED and trauma centers, and contains

information regarding date and exact time diversion began and ended for every hospital as

well as the reason for diversion in each instance (i.e., whether the ED diversion is due to ED

saturation, if only trauma care is on divert, lack of neurosurgeon, equipment downtime).

During the study period, there were no policies to selectively divert AMI patients to PCI-

equipped hospitals in these four counties. For the purpose of this analysis, we excluded

diversion that only applied to trauma center or psychiatric emergency departments and

diversion due to lack of neurosurgeon or CT scan downtime, since these types of diversion

would not affect the admission of AMI patients. To capture the relevant hospital universe for

matching patients to the correct EDs (as hospitals not on divert would not appear in the

diversion logs), we merged the daily diversion logs with California Office of Statewide

Health Planning and Development (OSHPD) and Medicare Healthcare Cost Report

Information System (HCRIS) datasets to obtain additional facility data.

Patient data from the four California counties, including patients’ mailing zip codes, were

obtained from the Medicare Provider Analysis and Review (MedPAR). We linked each

patient's zip code with longitude and latitude coordinates of each zip code using Mailer's

software.19 We also obtained the longitude and latitude coordinates of the hospital's physical

address or heliport (if one exists).20 We identified the nearest ED for each patient's zip code

as follows: (1) we calculated the driving time between each patient's zip code and all

EDs; 21, 22 and (2) we designated the ED with the shortest driving time as the nearest ED.

Finally, we identified the diversion level of the nearest ED on the day a patient suffered

from AMI by merging the ED diversion data to the patient data based on admission date and

provider ID. The study was approved by the Naval Postgraduate School Institutional Review

Board (IRB#20080043-IREP7-A).

Patient Population

We identified the AMI population by extracting from 100% MedPAR records that had

410.x0 or 410.x1 as the principal diagnoses, admission occurring between 2000 and 2005,

and county of residence as one of the four counties for which we have diversion data. These

patients’ Medicare records were linked to death certificates, if deceased, up until the end of

March 2006. We applied several exclusion criteria to the patient sample. First, we followed

McClellan et al's exclusion criteria to minimize selection bias; 23 the list excludes patients

who had a prior AMI admission within the past 12 months, had a length of stay of 1 day (as

they may not be real AMI patients), and patients without continuous Medicare part A

coverage within the past 12 months. We also excluded 24 percent of the patient population

who were not admitted through the ED, since admission through the ED is the relevant

population. Furthermore, we excluded 11 percent of patients whose admitted hospital is

more than 100 miles away from their mailing ZIP codes, as those patients likely do not

reside at their mailing address or were admitted to hospitals while away from home.
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Defining AMI Outcomes

The dependent variables in the analysis are whether a patient died within X days from his

ED admission (X=7, 30, 90, 270, and 365 days). For example, the dependent variable that

captures 7-day mortality takes on the value 1 if a patient died within 7 days from his date of

admission and 0 otherwise.

Statistical Methods

Our statistical model follows the same principle as the case-crossover design, while

controlling for time-dependent variables. In essence, we compare the percent of AMI

patients who die within 7, 30, 90, 270 and 365 days when their nearest ED is in normal

operation (i.e., no exposure to diversion, the control group) and when the same ED is

exposed to different levels of diversion (i.e., the same ED crosses over to higher exposure of

diversion--we define level of diversion exposure below). By using each ED as its own

matched control, we can eliminate any inherent differences across EDs, such as possible

differences in baseline mortality rates, quality of care, case-mix of the patient population,

teaching status, or other unobserved characteristics that might be confounded with mortality

rates.24 This is done by estimating a linear probability model with fixed effects for each ED

that was identified as the closest ED for each patient (this is equivalent to including

indicators for each ED in the model), and the key variable of interest is the level of diversion

each ED experiences on every day (additional control variables are described below).

We define 4 diversion exposure levels: 0 hours (reference group), <6 hours, 6-12 hours (not

including 12 hours), and ≥12 hours. These cutpoints were determined before we linked the

daily diversion data to patient outcomes by dividing the empirical distribution of the daily

ambulance diversion hours into quartiles. The cutoffs for the quartiles are 3, 6.6, and 11.6

hours. We combine the first two quartiles since a priori we did not expect to see an

association with inpatient mortality at lower levels of diversion and wanted to account for

only practically meaningful thresholds. We therefore use 6 and 12 hours (instead of 6.6 and

11.6 hours) for easier exposition of the thresholds for the two upper quartiles.

The ED fixed-effects removes any time-invariant unobserved differences across EDs, and

the three diversion exposure indicators allow us to compare AMI mortality rates when the

same ED is exposed to different levels of diversion. Because each ED serves as its own

matched-control to compare mortality rates across different levels of diversion, we exclude

patients from hospitals in which we observe fewer than 3 levels of exposure.

Even though a logistic model is the natural choice for estimating a dichotomous dependent

variable for cross-sectional data, it would result in an inconsistent estimator in a panel data

setting as we are including a significant number of fixed effects. On the other hand, a linear

probability model can provide consistent estimates.25, 26 In addition to the key diversion

variables, we include fully interacted patient demographic co-variates (5-year age groups,

gender, white, black or other race, and counts of comorbidities). We also included a list of

disease related risk adjustment following the work by Skinner and Staiger that uses the same

patient data source.27 Specifically, risk adjustments were made if patients had peripheral

vascular disease, chronic pulmonary disease, dementia, chronic renal failure, diabetes, liver
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disease, or cancer at the time of admission. In addition, we included hospital characteristics

of the admitted hospital, including whether the hospital has catheterization capacity, hospital

ownership (for-profit, government), and size (measured by log transformed total available

beds). Finally, we controlled for year trends (overall mortality rates have decreased steadily

over time) and monthly (seasonal) trends within each year. For all models, we estimated

heteroskedasticity-robust standard errors28 that allow for intra-ED correlation among

patients who lived closest to the same ED . All estimations were performed using Stata 11

(Stata Corp, College Station, TX), and we used the conventional 5% level of significance

with 2-sided testing. Our sample size was sufficient, by conventional standard of 0.8 power,

to detect a minimum of 10 percent differences in mortality rates—the estimated study power

for the analysis was >0.90 for all dependent variables.

Results

The final sample consisted of 13,860 patients from 508 zip code areas whose admission date

was within the relevant time period where ED diversion data is available. Among the

hospital universe, 149 EDs were identified as the nearest ED to these patients. Figure 1

shows the mean hours of diversion per day between 2000 and 2006 among hospitals that

reported positive diversion hours. The mean duration was 7.9 hours (SD=6.1 hours), but

Figure 1 shows a seasonal trend where the hours of diversion tend to peak in winter.

Merging the diversion information to the patient data, we exclude 2235 patients whose

closest ED is not exposed to at least 3 levels of diversion and we exclude diversion logs

from 2006 because the last matched admission date is Dec 2005. The multivariate analysis

consists of 11,625 patients. Among them, 3541, 3357, 2667, and 2060 patients were

admitted for AMI when their closest ED was not exposed to diversion, exposed to <6, 6-12,

and ≥12 hours, respectively. Table 1 shows that 29 percent of patients (n=1034) in the no-

diversion category died within 1 year of ED admission. The percent of patients who died

within 1 year of admission in the <6, 6-12, and ≥12 hours diversion categories are 31

percent (n=1028), 30 percent (n=794), and 35 percent (n=731), respectively.

The rest of Table 1 shows the key variable's descriptive statistics by the four diversion

exposure categories (no diversion, <6 hours, 6-12 hours, and ≥12 hours). Patient

demographics and comorbid characteristics (2nd and 3rd panels of Table 1) generally do not

differ by levels of diversion. The only exception is that there is a higher share of African-

American patients in the 12-plus-hour category (6% [n=203] in no-diversion vs. 11%

[n=231] in ≥12 hours category). Once admitted, patient treatment patterns differ in two

dimensions (4th panel of Table 1): percent of patients receiving cath is 42 percent (n=860) in

≥12 hours exposure group compared to 49 percent (n=1750) in the no-diversion group;

percent of patients receiving PCI is 24 percent (n=489) in ≥12 hours exposure group

compared to 31 percent (n=1105) in the no-diversion group.

The last panel of Table 1 reports the hospital characteristics of admitted ED. When the

closest ED is on diversion, a lower share of patients is admitted to hospitals with a cath lab

(78 percent in ≥12 hours [n=1611] vs. 87 percent in no-diversion category [n=3066]),

suggesting that hospitals with cath facilities are on diversion more often than hospitals with
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no cath facilities. A higher share of patients is admitted to for-profit hospitals (17 percent in

≥12 hours [n=346] vs. 7 percent in no-diversion category [n=259]) and to government

hospitals (12 percent in ≥12 hours [n=255] vs. 9 percent in no-diversion category [n=336]).

The percent of patients who were admitted to their closest ED and the distance between their

admitted ED and their closest ED are similar across the 4 diversion categories. These similar

travel patterns might suggest that distance is a minor factor in describing the relationship

between diversion and mortality, and that other mechanisms discussed in the conceptual

model section play a bigger role.

Table 2 shows the multivariate results, focusing on the diversion variables only (full

regression results are included in Appendix A1). The first column shows the mean mortality

rates in our control group (no diversion on day of admission). The next three columns show

the regression-adjusted differences in mortality rates between each of the exposure groups

and the control group. There are no statistically significant differences, at the 5% level, in

mortality rates between no diversion status and when the exposure to diversion is under 12

hours. Exposure to 12 or more hours of diversion is associated with higher 30-day mortality

compared to no diversion status (actual mortality rate: 19% [n=392] vs. 15% [n=545];

regression adjusted difference: 3.24 percentage points [95% Confidence Interval, CI:

0.6-5.88]); higher 90-day mortality (26% [n=537] vs. 22% [n=762]; regression adjusted

difference: 2.89 percentage points [CI: 0.13-5.64]); higher 9-month mortality (33% [n=680]

vs. 28% [n=980]; regression adjusted difference: 2.93 percentage points [CI: 0.15, 5.71]);

and higher 1-year mortality (35% [n=731] vs. 29% [n=1034]; regression adjusted difference:

3.04 percentage points [CI: 0.33-5.75]).

We performed several sensitivity analyses. First, to make sure that our results were not

driven by the underlying differences across admitted hospitals, we estimate our model by

replacing the nearest ED fixed-effects with admitted ED fixed-effects. Our results were

similar and all conclusions remained the same. Second, our sample did not include patients

who died upon arrival or in the ED; those patients would have only had outpatient records.

We therefore obtained authorization to access 2 years of outpatient records (2000 and 2005),

resulting in 63 additional cases. When we added this group to our original sample, our

conclusions on the key diversion variables remained the same.

Third, we implemented an additional model by including an additional indicator for patients

that bypass their closest ED and interaction terms between the three diversion exposure

categories and this bypass indicator. Appendix A2 shows that for the same level of diversion

exposure, the point estimate of the mortality rate is indeed higher for people who bypass

their closest ED than for those admitted to their closest ED. However, the standard errors are

too large to make definitive statements.

Comment

Our study is the first multi-site, multi-county analysis using daily ambulance diversion and

patient level data to evaluate the association between diversion and patient outcomes for

patients suffering from AMI. We showed that when the nearest ED is on diversion, a lower

proportion of patients is admitted to hospitals with catheterization capacity, and a higher
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proportion is admitted to for-profit and government hospitals. Under a variety of

specifications and sensitivity analyses, we found that lengthy periods of ED diversion are

associated with higher mortality rates among patients with a time-sensitive condition - acute

myocardial infarction. Specifically, when a patient's nearest ED was exposed to diversion

for 12 hours or more on the day of admission, he suffered a higher death rate by about 3

percentage points than when that same ED is not on diversion. This adverse relationship

persisted even when we examined 1-year mortality rates.

When a hospital's ED is on diversion, it can affect different types of patients: those that were

diverted, those receiving care or admitted while the ED is on diversion status, and those in

nearby hospitals that have to receive the diverted patients. Although we were able to

examine patient and hospital interactions at a more precise level than the community wide

ecological analysis, we could not identify individual patients diverted from their ED of

choice versus those who were not, or the mode of transportation (those that arrived via

private vehicles would be admitted). While this study design is advantageous in that it

avoids confounding of patients who are or are not selected to be diverted, our results must be

interpreted with caution since we cannot disentangle the precise mechanisms through which

diversion affects patient outcomes. Our results should not be interpreted as causal.

Ambulance diversion is common and more likely to occur in urban settings—the National

Center for Health Statistics estimated that hospitals divert more than ½ million ambulances a

year in the United States– an average of 1 ambulance per minute.29 The estimated

association is also not trivial—a 3.24 percentage point increase off a 15 percent 30-day

mortality rate indicates a 21.6% increase in overall mortality rate. Fortunately, we only

observed the adverse relationship in hospitals that were on divert for at least 12 hours on any

given day. In our data, such long diversion days occurred in 25 percent of the daily logs.

Notably, such long diversion hours are more likely to occur in winter and in densely

populated metropolitan areas --both factors associated with increased ED demand.

These findings point to the need for more targeted interventions to appropriately distribute

system-level resources in such a way to decrease crowding and diversion, so that patients

with time-sensitive conditions such as myocardial infarction are not adversely affected. It is

important to emphasize that while demand on emergency care is increasing as evidenced by

increasing utilization, supply of emergency care is decreasing.29-31 If these issues are not

addressed on a larger scale, ED conditions will deteriorate, having significant implications

for all.

Our study has several limitations that should be considered when interpreting our results.

First, we identify the nearest ED for each patient based on the longitude and latitude

information of the patient's zip code and the hospital's location. Two patients from the same

zip code might have very different distances to the same ED. We believe the problem is

minimized for our sample because all four counties are in densely populated Metropolitan

Statistical Areas. Second, the patient's zip code on file is based on mailing zip code, which

might not reflect the actual residence. We took the standard approach and applied exclusion

criteria, dropping patients whose admitted hospital is more than 100 miles away from his zip

code. In addition, approximately 80-85% of AMIs have been shown to occur at home.32, 33
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More importantly, there is no evidence to suggest that out-of-home MIs (or more

specifically, non-residential zip code MIs) would systematically differ across patients who

experience more diversion than others, therefore this data limitation should not affect our

analyses.

Third, it is possible that some patients’ closest EDs are out of the counties in which we can

match diversion logs (for example, a resident in San Francisco county might be closest to an

ED in Alameda county). In our method that follows the case-crossover design, those patients

would be excluded from the analysis, because we only include patients whose nearest ED

experienced multiple levels of diversion. Fourth, there might be reporting errors in the

diversion daily logs. As long as the errors do not systematically differ by diversion duration

(i.e., there are not more errors for log entries that record longer duration), we do not expect

to have a bias in our estimates.

Fifth, the study is limited to elderly populations, which only represent between 50-60% of

acute MI patients. Therefore our results should not be generalized to the younger population.

Similarly, our results are based on four populous counties in California that collectively

represent 63 percent of the state's population. Although these counties are demographically

diverse, the proportion of African Americans is substantially lower and the proportion of

other non-White minority is substantially higher than those of the U.S. as a whole. Also,

these counties have few rural residents. Therefore, our findings may not be readily

generalizable to other parts of the U.S., particularly rural areas where a single hospital is the

only option for MI care.

Lastly, the exclusion of patients who died before they can generate a hospital admission

means our estimated mortality rate differences should be considered a conservative estimate.

Suppose we have a hypothetical patient that will die in either case, whether the ED is on

diversion or not. In the case-crossover design, he does not contribute to the mortality

difference if we can observe his death at all levels of exposure to diversion (i.e., when

counting the number of death under different exposure levels, he contributes 1 death in all

cases). However, our data limitation is such that when he is diverted and dies en route, he

does not show up as an observable death when the ED is exposed to diversion; whereas if he

survived just long enough to get admitted when an ED is not on divert, his death would be

evident in our data. In other words, he would contribute as 1 death under no diversion, but

no death under diversion. The implication of this data limitation means the observed

mortality rate is lower than the actual mortality rate when the ED is exposed to diversion,

hence making our estimated difference in mortality rate between diversion and no diversion

a conservative estimate.

Conclusion

Diversion is a signal of a larger access problem in the health care system, representing

resource constraints that are beyond patient factors and related to the hospital and health

care system. We show a strong relationship between prolonged ambulance diversion and

increased mortality of patients with acute myocardial infarction. While we cannot

disentangle the precise mechanisms through which diversion affects patient outcomes, our
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results suggest that more integrated health care policies from the pre-hospital to in-hospital

setting should include provisions that minimize instances where hospitals are on diversion

for prolonged periods of time. Furthermore, restructuring of hospital and larger system-level

resources to improve care delivery efficiency may be required to improve outcomes of

patients with time-sensitive conditions, such as acute myocardial infarction.

Possible policy options to improve such care could include patient flow initiatives that have

been implemented in many counties and states with success.34 Diversion bans have been

implemented in various regions,35, 36 with the first statewide ban on diversion in

Massachusetts in 2009.37, 38 Early evaluation of this recent legislation has not revealed any

negative outcomes for patients, at least when measured by waiting times.39 To prevent

adverse consequences for patients, however, it is critical that such policies are implemented

in conjunction with hospital-level changes beyond the ED that improve inpatient capacity

and patient flow.7, 40-42

Lastly, it would be important for future analyses to disentangle the various mechanisms

through which diversion might adversely affect patient care, so that policies targeting the

right mechanisms can be adapted for better care that translates into better outcomes for

patients in need. In addition, it is crucial to examine the relationship between ambulance

diversion and the outcomes of non-elderly patients and patients suffering from other time-

sensitive illness such as traumatic injuries. Such findings on diversion’s downstream effects

on patient outcomes will be vital to drive evidence-based policies.
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Figure 1.
Mean Diversion Hours in Four California Counties: 2000-2006
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